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Objective

* In this lecture we will learn to design for FPGAS
using the Xilinx Development Tools.



Development [ools



Xiinx Development lools

e |ISE Design Suite: for Spartan3, Spartan6, and Virtex6 FPGASs
» Vivado Design Suite: for new generations of FPGAs

e Impact: programming of the FPGA

e |Sim: simulate VHDL and Verilog code

e ChipScope: in-system debug and analysis. Allows you to monitor and control
signals inside the FPGA

« Core Generator: gives you access to pre-build components
e PlanAhead: floorplanning, pin assignment, ...
« Xilinx Software Development: develop C/C++ code for embedded systems

e ctc



Design workflow

. ISE: write the VHDL and Verily code

. *ISIim: pertorm software simulations

. *PlanAhead: allocate ressources on the FPGA
. Impact: program the FPGA

. *ChipScope: in-system debug of the code



|SE Design Suite



Workftlow

Your code (VHDL)

Synthesis Transforms your VHDL code in hardware components

Translate <« | @l Cl@@ | Include the user constraints in the synthesised code

Map Map the translated code to the device ressources

Place & Route Place the design in the FPGA and form the routes

Generate Generate the BIT file that can be loaded on the FPGA

*.bit file



Structure of the project

* Every design includes two things:

e \VHDL files that describe the behaviour of the
code;

 UCF (user constraints) files that constrain the
design (1O pins for signals, timing requirements,

)



Structure of the code

Top-Level

Module 4

Module 1

Module 2

Mod 3 Mod 3

The structure of a VHDL code can

be compared to the structure of an
FPGA.

The Top-Level file describes the
FPGA itself. It regroups the signals
that will leave or enter. That module
IS connected to the world via the 10
pIiNs.

In that module, you can create sulb-
modules to use regions of the FPGA.

There is no limitation to the number
of sub-modules you can create.
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Create a project

 Go to “File > New Project...”

« Give it a name and a location, set the “Top-Level source type” to “HDL”, and click “Next”

- - Doesionproperties
e Select the attributes corresponding to your board

: (“ L Name: | Training
and C“Ck NeXt Location: | Z:\Documents|Snippets\Training
Working drectory: I:"',[‘;'L;ll".ﬂ'll';\,sllL(J:t';',TI’-:l(IH;
e Family: Spartan3E e
. Project Settings
e Device: XC3S100E P o |
Top-Level Source Type HOL x|
« Package: CP132 Evohsticn Development ourd None Speciied =]
Product Category Al =]
Famiy Spartan3E -]
) Device XC351006 ~]
e Speed: -4 package T |
Speed = =l
* Preferred language: VHDL Synthess Tod T (Lo =]
Simulatoe [5im (VHOL/Verlog) ]
. . .. " Preferred Language VHOL ;]
« Finally click “Finish mpety pesesbonnromt e oo v =
VHDL Source Analysis Standard VHDL-93 ~]
Enable Message Fikerng B
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Create a VHDL file

 Go to “Project > New Source...”

o Select “WHDL Module” and give it a name with a .vhd extension, then click
“Next”

« On the next window, leave everything empty and click “Next” and then “Finish”

x
Select Source Type Define Module
Selact source type, fle name and its location, Speofy ports for module.
[ BMM Fle Entky name Itoclevel
G4 ChipScope Definition and Connection Fie _ :
[ Implementation Constraints Fie Architectire name |Behavicra
A IP (CORE Generator & Architecture Wizard) Part DN l Bus I MSB l
}‘ MEM Fie ame ectio
O schemac - - _n =0
j‘ User Document In vI 0
v Verilog Module I’ﬁ
nm- n b -
? Veribog Test Fixture Flo ' m g
VYHDL bt'&y . _> In - I D
_F" VHOL Package Location: I"‘ vl 0
sy VHDL Test Bench | Z:\Documents|Srippets\Training III| P =
é Embedded Processor I 310
n v D
fn =0
n * |0
In i |[m
[V Add to project

More info I Next > Cancel I 11 More Info I < Back Next >




Create a UCF file

 Go to “Project > New Source...”

* Select “Implementation Constraints File” and give it a name with a .ucf
extension, then click “Next”

 On the next window, click “Finish”
x|

Select Source Type
Select source type, file name and its location.,

[ BMM File
€4 ChipScope Defintion and Connection Fils

X { 1P (CORE Generator & Archtacture Wizard)
' MEMFile

Schematic

L—:J User Document

v 'm(o-g Module
A Yerilog Test Fiture

% YHOL Module I

Fie name:

YHOL Library ;
L_‘J YHOL Package Location:
[ YHOL Test Berch IZI'I,DT'HJTI'.!FIG],SNDMH'UIM e I

Embedded Processor

IV addto project

More Info I Nedt > Canced I 12




|ISE Interface

B 19 Project Navigator (P.20131013) - 2:\Document s Sadppet s Traming | Tramingsase - [exd. vid)

[ Fle ER Vew Promct Souce Frocess Took Window Lapot Meb

=18 x|
BILIES

I03HdPLIR00x|wea| vl 2R rRIAIRSCleR]P L0

library 1EEE:
use JEEE.STD_LOGIC_1164.ALLs

use IEEE.NUMERIC STD.ALL:

librazy UNISIN:

-=use UNISIN.VComponents.all;

entity exd 1is

pore |
clk_SONH: 1 s im atd logic:
sv_1 t 1m std_logic_vector (7 downto 0)2
btn 3 : im 2td logic vector (J downto 0);
leds o t out atd logic_vector (7 downto 0)
)i
end ex4;

architecture Dehaviozral of exd ip
begin

loop_l-ds: for I in O 20 7 gezecate
begin

cond leds: 1f (I med 2 = 0) generate

leds o(I) <= ben i1 / 2) vwhen Fv_3(I) = '1' alze '0';

end genecrate;
end Qgenerate;

exnd Behavioral:

all 2

) »
g 4
IK_'J B O x1000-4cp1 12 p- :
2, 5 [ Q0% end - Behaveed -
G s =] (-
a 4|
3 »| n
= » ::
: » i
O| 16
| o =
Project| | =
21
Manager| | &
| 00 Mo Processes Bureing ::
[0 site desn mode s seecte. S
B F  Despnties 29
30
= 31
— 2
33
34
35

Design
Manager |8
= 98 oesn [O n-!b lhg

Text editor

Desin Sumesary (oot of date) oQ et [x])|

EEX

Console, errors, warnings

ﬁﬁ‘m’mla Find in Files Resks |
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Design management

x EDesign Summary/Reports

& g Design Utilities

[+ User Constraints

= P )E) Synthesize - XST

Yiew RTL Schematic

Yiew Technology Schematic
)  Check Syntax

)  Generate Post-Synthesis Simula...

= @) Implement Design
C)() Translate
€2() Map
#2() Place & Route
?2() Generate Programming File
%  Configure Target Device
cu Analyze Design Using ChipScope

* [his region allows you to generate your
design and flash it on the FPGA.

* Various tools are also present to
analyse and optimise your design.

* Jo compile a design, simply double-

click on “Generate Programming File”.
All the necessary steps will be done
automatically.
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Simulation environment

* |SE makes a difference between Implementation (code
that will run on the FPGA) and Simulation (code that will be
run on the software side only).

e Simulation often re-uses implementation code but provides
it with signals that are generated in the simulation code.

* For example, instead of being connected to a button on
the PCB, the signal would be manually defined (first high,
then low after x ns, ...) by a VHDL simulation code.

No Processes Runnin
Design «+08 X 2 .

7 | view: () @ Implementation (®) f# Simulation Processes: vfat2_data_decoder_test - behavior

] [Behavioral v S R
. ‘ : N 2  Behavioral Check Syntax

(321 | Hierarchy @8 Simulate Behavioral Model
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|SIm

£ ISim (P.20131013) - [Defaultwefg) - o BED

T File Edit View Simulation  Window Layout Help -
1 H ' ® o oM ) BRETO R 22 PE et 0 » X Los VG (9 Redsunch
Instances and Processes N el b Sars ey CoRe

Smulation Objects for vfat2_dats_decoder_t

W0 2| G | e =i 0 ns e 20 ns 500 ns 00 s
Instance and Process Name [ Wi Salial el e : tef_ ok : .1}_1‘1_1 ﬁ h‘ﬂ.ﬁh n.ﬂ‘ﬂ ﬂ hAﬂA ﬁ ﬁ j1“ﬂ:ﬁ ﬁ h‘ﬂ.ﬂ ﬁ h‘ﬂ‘ﬂ‘ h .ﬂAﬂAfl ﬁ JIAnA ﬁ ﬁ hAnAﬁ ﬁ

] viat2_data_decoder test v Object Name Valye ; —y
g 12d logic 1064 [ 1

d_logic_ ' 4 ref o | 8 viat2_dats_out_
¥ rumenc_std r 4 reset 0

g types_pkp L § 4 viat2 data o
g t_data o
oy a2 evert ©

viat2_event (0155

N vl event 1[

, , s 1
w5 VI evert 1, B viat2_event 215
o Vst _evert_ i

o Vit _event 3195

“y Va2 event 3.
4

oy a2 _evert Ny ViaL2_event &1%

O ref_clk _penod 25 p 9 ref_ok_penod

Design and hierarchy

< >

~ 5 \ -

O Memory S 110 ¢ >

Coracle
A
This s & Il verson of
Tie resolutbon s L ps
Sl tor 5 ok
Finshed oraut ntalzaton p
~

1Sim>

M Console Complatior ® Bresiponts | M Find n Fles Results 8 SexrchResuts
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PlanAhead



PN placement

Processes: optohybrid_top - Behavioral

= Design Summary/Reports
& Design Utilities
= User Constraints
) Create Timing Constraints
G I/O Pin Planning (PlanAhead) - Pre-Synthesis ®
(3 /O Pin Planning (PlanAhead) - Post-Synthesis

[@| Floorplan Area/I0/Logic (PlanAhead)

w- TR\ Synthesize - XST
= €21\ Implement Design

[+ ()O Translate

A4\ Map

+- P21\ Place & Route

#2.!\ Generate Programming File
& % Caonfigure Target Device

€4 Analyze Design Using ChipScope

anAhead can be used for

n placement in the design. It
VEes a visual representation

" the FPGA and allows you to
point and click to place
signals.

©CQ T T
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PlanAhead interface

le ] OptoHybad v2 - [C/Users/Adennistrator/ Documents/ Frrmmare/ OptoHybeid2/pri/planAkead run 1/Optebybrid v2.ppr] - PlanAhead 147

File Edt Tools Wadow Layout View Help

b O .&' 2 10 Marrwry
Synthesized Desgn |
Netist — =L
2 optotbred oo
Nets
Prmatves

otx_instichpscope_ioon

gix_rstichoncope s st

gtx_rstichpscope _wio_inst

otx_ratirk request rat/ffo gtx rx_irst

g
gtx_rat ek

gtx_irst Ark

vit2 S _rat)vfot2 ¢ _dac o 256x32_rat

visr2 S irsthf 2 et

vist2 A _rath ¢ _scan_rat/HolS6x32 inst

Propertes O¢

4

, Properties ¥ Oock Regons

DO Pty
\ Orelton Neg DY Par
. Output
a nput
Output
Irout v Shits_n
. Input viat2_1 _sbits_n |
Input vfat2_2 _sbits n |
Input vfat2_3 _sbits_n |
Input viat2_4_sbits_n_
Input viat2_S_sbits_n
Input vfat2_&_sbits _n |
Inout yfat2 7 sbits n
r LIO Ports

0 veeo Vre

defalt AVOMOS2% .50

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

Mhase

|O pins and standards
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Impact



JTAG chain

L ISEIMPACT (P.20131013) - [Boundary Scan] (o & =]

@ File Edt View Operations Output Debug Window Help - || & X
DP2EHXB0 ::::|::u B O[PN

MPACT Flows 08X

| BBl Boundary Scan Set U p PR

a] SystemACE 00—~ —~— ] k.l

Create PROM File (PRONM-E —-— ra—
B w’:;-re‘“ D“v‘ e Double Chick to Launch Mode oI _% 0w

xc3s100e xc102s
«08&Xx bypass bypass
DO

@D Get Device Signature/Usercode —
=P Read Device Status — P G A I:l h
=D One Step SVF aS
=P One Step XSVF

=P Read Device DNA

[dentity Succeedec

% Boundary Scan
Corsole «+08& X
PROGRESS_END - End Operation. -
Elapsed time = 1 sec.
< m ’

[g] Console o Errors IL Wam'n;s‘
Configuration  Digilent Basys2-100 | 4000000

22




