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ARM Cortex™-M

o Procesadores de 32 bits

o Bajo costo (— U$S3 LPC1100)

o Bajo consumo

o Set de instrucciones de alta densidad

o Facil de usar

o Alta performance
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Cortex™ M vs otros Cortex

Embedded .-E"[}p“f mr.m

£lelp ek Hi

SASE 2011



Cortex™-MO

Es el mas pequeno de la familia Cortex™-M

consume 85 microwatts/MHz

Frec. = 40 — 50 MHz
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Cortex-MO
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Protocolo AMBA

o AMBA — estandar de interconexion de
bloques funcionales

o Caracteristicas:
Flexible

Multi capas -> permite trabajar con varios Maestros
y Esclavos

Compatibilidad
Soporte de 3ros
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AMBA version 3

O AXI - interfaz de comunicacién con 5
canales de alta velocidad.

O AHB > interfaz de comunicacién de 1 solo
canal para conexion con periféricos simples.

O APB > interfaz que soporta conexiones con

periféricos de bajo ancho de banda, utilizado
para configurar registros e intercambio de
datos. Es una inerfaz de bajo consumo.

O ATB - interfaz utilizada para debugging
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AMBA 3 ABH-Lite

o Es una simplificacion de ABH

o Implementa:
o Comunicaciones de tipo “rafaga”
o Operaciones por flanco de clock
o sin tri-state

o Configuracion de ancho de bus en: 64,
128, 512 y 1024 bits
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Esquema de conexion: AHB-Lite

HWDATA[31:0]
HADDR[31:0]

Slave 1 |j—

Master | Slave 2
Multiplexor
select
Slave 3 ]
HRDATA 3
&~HRDATA[31:0] HRDATA_2

HRDATA_1
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Maestro en AHB-LIte

Transfer
response

Global
signals

Data

——HREADY—»

—HRESP—»
AHB-Lite

HCLK—»

s HRDATA[31:0] =

e HADDR{[ 31 0] =
- HWRITE—»
e H S1Z E[2: 0|

b H PRO T[ 3: 0] ==
—HTRANS[1:0]—

e HBURST[2: O >

—HMASTLOCK—»_

b HWD ATA[31:0] =i
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Esclavo en AHB-LIte

Select HSELx—»|
(e HADDR [31 : 0] s
HWRITE—»

s H S [Z E [ 2: ) ] e ——HREADYOQUT—» . Transfer

Address ——HBURST[2:0]— HRESP—»_/ response

and control s HP RO T3 0] AHB-Lite
=——HTRANS[1:0]=P|  glave

—HMASTLOCK —»
. ————HREADY—»

Data  ===HWDATA[31:0]=p ==HRDATA[31:0]=$  Data
Global —HRESETh—»
signals HCLK—»
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Senales importantes

en AHB-Lite
Globales Maestro a Esclavo | Esclavo a Maestro
HCLK HADDR[31:0] HRDATA[31:0]
HReset HBURST[2:0] HREADY
HMASTLOCK HRESP
HPROT[3:0]
HSIZE[2:0]

HTRANS[1:0]

HWDATA[31:0]

HWRITE

SASE 2011
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Ciclo basico de Lectura

+—Address phase >4 Data phase——»
HCLK |
HADDR[31:0] ' i A ' i 3 '
HWRITE 1
HRDATA[31:0] l }C( l \ { Data {A}%
HREADY | V | ¥
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Ciclo basico de Escritura

+—Address phase 2 Data phase————»

HCLK _] | |
HADDR31:0] | {¥ A | i Y
HWRITE _|[,/ ' i ' il
HWDATA[31:0] l () 0 Data (A) 0
HREADY : ¥ | ¥ | Y

SASE 2011
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Cortex MO DesignStart

o Es una configuracion fija del Cortex-
MO:

Implementable tanto en software
como en hardware

Se distribuye en lenguaje Verilog
totalmente sintetizable
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Cortex MO DesignStart

AT510-BU-98000-r0p0-00reld/ TAR MANIFEST
- AT510-BU-98000-r0p0-00rell.lst J
RELEASE-NOTE

— ..Eﬁ‘_‘vI_l;'-:urtex—MiZJ_EesignStart_Re'.ease}I-:nte .pdf }— {THIS DC}EUMENT}
— logical/

L

cortexmids/
— verilog/

— CORTEXMODS.v 1 SYNTHESIZABLE
— cortexmlds logic.v J, VERILOG

—— tbench/

— cortexmlds _th.v
—— helloworld.c TEST-BENCH

L Makafile j ENVIROMNMENT

- ram.bin
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Cortex MO DesignStart

AMBA™ 3

AHB-LITE <«
INTERFACE

INPLITS

CORTEXMBDS
Ill..l—"
HCLE
HRESETn
HRDATA[3 10
HREADY
ARM&

HRESP CORTEX™-M0

INTERRUPT
INPLITS

EVENT
INPUT

DESIGMSTART
PROCESSOR

MM

IR.Ci15:0]

RXEV
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HMASTLOCK
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HSIZE2-0)
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HWDATAI0]

HWRITE
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J\

LOCKUP

SLEEPING

Yy
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Cortex-M — Caracteristicas

RISC processor core
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Cortex-M — Caracteristicas

o Tienen mejor manejo de los modos
de bajo consumao.

o Trabajan a baja frecuencia y con
ciclos de actividad mas cortos

T B-bit or 16-hit

Purass
LIMN3IIDI443
Ad3INS

Time
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Cortex-M — Caracteristicas

o Fabricado por diferentes empresas

Atmel, Actel, NXP, Cypress, Samsung, Texas
Instruments,ST, etc

o Compatibilidad de codigo entre ellos

o Herramientas unificadas y para
diversos OS

SASE 2011 20
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Cortex-M — Comparacion de

performance
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Cortex-M — capacidades relativas
de la familia
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Cortex-M0O — Caracteristicas

ARM Cortex-MO0 Features

Architecture
|SA support
Pipeline
Dhrystone

Interrupts

Interrupt latency

Sleep modes

Enhanced Instructions

Debug

Cortex-MO
ARMvEe-M (Von Neumann)

0.9 DMIPS/MHz

NMI + 1 to 32 physical interrupts
16 cycles

Integrated WFI and WFE instructions
Sleep & Deep Sleep Signals

SASE 2011
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Cortex-MO — Mapa de memoria

=FFFFFFFF
(=R e = 11 E
A e = e T A
FPrir-ate peariphsacal baes 1MBAE e EELREN I E
A e = AT e D
D= FFFFF FF
E zobesrmeal] ok e 1 O ==
AR e AT D
=" FFFFFFF
Exctarreal] Ra0RkA 1 . Oa=SB
AR e s A A
=5 FFFFFFF
(ot = S p e g =8 = | [ e =
AR e AT D
== FFFFFFF
= kA [N =) =
A I A
D=1 FFFFFFF
Leta e =Y [N =) =
AR e AT DT T
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Implementacion en FPGA

Etapas

o Desarrollo del software

o Implementacion del sistema
o Simulacion Funcional

o Verificacion en Hardware

SASE 2011
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Desarrollo del software

o Entorno de desarrollo: Keil ARM
MDK

o Proyecto basico: se accede a
constantes predefinidas a intervalos
regulares.
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Desarrollo de software

o Se crea un proyecto nuevo
seleccionando el procesador ARM
Cortex-MO

SASE 2011
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Desarrollo de software

Note.uvproj - pVisiond
Fle Edt  Mew  Project Flash  Debug Perpherals  Tools  SMC5 Window  Help

L @ 2 i | 7 © PRRA EEE RS A¢ Qe D@

|} e [ b Target | .\ Iz_"sl B

Select Device for Target "Target 1°...

endor  ARM
Drewicer  Cortex-Mi
Toakel  ARM

Lrata base Dresciiptian:

(= % anm | |CotexMa based Microzcrtichier
3 ARM7 [Big Endian}
£ ARM?Z |LitH= Endian)
(21 ARM3EEES [Big End
£ ARMIEEE-S |Lillle En
{3 ARM3ES [Big Endiar
£ ARMIE-S [Lile Endie
Qa
£ Conlex-M
(3 ContexM1 [Shiera)
£ ConlexnM3
3 CootexM4

] Centes-M4 FPU

Elr. e e D]

Euild Okt

2 NesaDiedplicacianCont ... = Tobal Commandan 7.0 otadi, . ¥ s LR B b s pem.
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Desarrollo de software

o Se deben configurar las areas de
memoria ROM y RAM en forma
contigua a fin de que la
Implementacion se realice con una
memoria RAM predefinida

SASE 2011
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Desarrollo de software

Options for Target "CMO_D5"

Device [arget ] Dutput] Listing] Uzer ] I:.-"IZ++] Azm ] Linker] Del:uug] Utilities]

ARM Coartex-p0

Code Generation -

whal [WHz) [10.0
Operating syster: | None Lj [ Usze Crogs-hodule Optimization
[ Usze MicroLIB I BigEndian
[ Usze Link-Time Code Generation
Read/Only temon Areas ReadMrite Memary Areasz
| default  off-chip Start Size Startup default  off-chip Start Size Ml it
T ROMI: | r ™ RaMI: | 2
[~ ROMZ: | c ™ RAM2 | m
T ROM3: | r T RAM3: | 2
an-chip an-chip
¥ IROM1: (040 0400 5 WV IRaM1. (w400 0400 v
T IROM2: | « ™ IRAMZ | ] =
ak. Cancel ] Defaults ] Help
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Desarrollo de software

o Hay dos archivos de codigo fuente:
o Main.c con el programa

o Vectors.c con los vectores de
Interrupcion

SASE 2011
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Desarrollo de software

#define LedOn Oxaaaa5555
#define LedOff O0xfOfOfOf0
int main(void)
{
unsigned int counter; /[ dummy
unsigned int ii; /l loop iterator
unsigned int trap; /[ memory access pattern receiver
unsigned int period,; // time interval for memory access

//period=20000000; // roughly 3 seconds for a 10MHz osc in CMO_DS
period=200; // period for simulations
while (1)
{
counter=0;
for (ii=0;li<period;ii++)
counter++;
trap=LedOn; /[ memory access pattern (turn on)
for (ii=0;li<period;ii++)
counter++;
trap=LedOff; // memory access pattern (turn off)
trap++; /[ dummy

} SASE 2011
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Desarrollo de software

I/ Vectors.c
// Define where the top of memory is.
#define TOP_OF_RAM 0x400U

extern int main(void); // Use C-library initialization function.

__attribute__ ((section("_Vectors")))

static void (* const vector_table[])(void) =

{
(void (*)(void)) TOP_OF_RAM, // Initial value for stack pointer.
(void (*)(void)) main, // Reset handler is C initialization.

0, // No HardFault handler, just cause lockup.

0, // No NMI handler, just cause lockup.

o//... // Additional handlers would be listed here.
I3
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Desarrollo de software

o Para que el linker tome la
Informacion del archivo vectors.c es
necesario agregar la opcion “--entry
Ox15 --first=vectors.o(__ vectors)”
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Desarrollo de software

Options for Target 'CMO_D5’

Devicei Target] Dutput] Listing] Izer ] E.-’E++] Bz Linker lDehug] LItiIitiesl

| Usze Memaory Layout from T arget Dialog

I Make RW Sections Position Independent F/0 Base: |Ox00000000

[ Make RO Sections Position Independent AW Base |0x00000400
[ Don't Search Standard Libraries
¥ Report ‘might fail' Conditions az Emors

dizable W arnings:

Scatter | i
tet EI Edit.

Mige  |ENtY =15 --firgt=vectorz.o__Wectors)

controls

Linker |-cpu Cortex-t0 *.o --ro-base Ox00000000 --entry Q00000000 --nw-baze 0x00000400 --entry Beset Hz |

contral  |--entry 0615 first=vectors. ol Vectaorz] --autoat --surmmarny_stderr --info summanzizes --map --#ref -call

sting i

k. Cancel Defaultz Help
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Desarrollo de software

o Se realiza el compilado y simulacion
del codigo fuente, viéendose en el
assembler generado el acceso a las
constantes predefinidas
(Oxaaaab5555 y OxfOfOfOfO)

SASE 2011 36



Desarrollo de software

\MgnacioAFacultad\CortexMO\ProyectoKeil\CMO_DSNexys 2Blinkingled\Blinkingl ed. uvproj - p¥ision4
Fil= Edit Wiew Project Flash  Debug  Peripherals  Tools SWCS Window  Help

DSH&@ a8 i Uiz | “a>@ecoalE-]y
A QBT ou

R R o

B =)

SIEE)

¢l

Register period=20000000; /4 roughly 3 seconds for s 10MHz osc in CHO_D3E
Ox0000004L0 4409 LDR rZ, [pc,#36] ; BOx000000CS
23: while (1)
24 {
Ox00000042 EQOF B Ox000000C4
ah counter=0;
Ox0000004k4 2100 MovE rl, #0x00
26: for (ii=0;ii<period;ii++)
AT {
Ox000000LAs 2000 MovE r0, #0x00
Ox0000004AS EOOL B 0x000000LE
281 counter++;
29 it
Ox000000LL 1C49 ADDS ri,ri,#1
Ox0000004LC 1C40 ADDS rO,ro, #1
13 SP] il L Ox000000LE 42390 CMP rd, 2
R4 [LA] 04 —20x000000ED D3FE BCC Ox000000 44
RIS [P 0w - 30: trap=Oxa=a=aas555:; // memory access pattern (turn on)
WPSR e .DxDDDDDDBz 4B06 LDR 3, [pc,#24]  : E0x000000CC
Banked g Skt for (ii=0:;ii<period;ii++)
’ 3z i
Sygtem
iofarial Ox000000EB4 2000 MovE 0, #0x00
L Made The Ox000000EG EOOL B 0x000000EC
Gtack MSP R counter++;
States 473, i !
fos 47 - O0x000000BS 1C49 ADDS ri,ri,#1 ]|
Eproject | ERegisters i | l .
Command : i
Load "C:\\Ignacio\\Facultad\\CDrtexI\ID\.\ProyectDKeil\\CHD_DSNEXYSZBlinkingLed\ & ame Yalue
**#%* Restricted Version with 32768 Eyte Code 3ize Limit i .;:Dunter g:gg;g::ﬁgg
*** Currently used: 380 Bytes ([1%) B trap 0L00000000
| period 0x0131 2000
il . =
>
LS3IGN EreakDisable BreakEnsble EBreakEill EBreakList BreakSet EBreakicceszs | @.jCaIIStack @Localsl Memory 1 |
Simulation El: 4.73073140 sec CAP| NUM - SCRL OWE) Rt
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Logros de esta etapa

o Un proyecto de software en el entorno
de desarrollo ARM MDK correctamente
configurado para el procesador Cortex-
MO DesignStart.

o Un cdodigo “main.c” y un codigo
“vectors.c” preparados para ejecutar un
programa y con los vectores de
interrupcion y stack configurados.

o Una simulacion exitosa del codigo fuente.

SASE 2011 38



Implementacion del sistema

Caracteristicas:

o Implementacion de un sistema minimo
en el entorno Xilinx ISE

o Descripcion de hardware mixta (VHDL y
Verilog)

o Un detector de patrones en el bus de
datos comanda un led.

o Utilizacion de una FPGA Spartan3E-500

en una placa de desarrollo de bajo costo
(Nexys2)
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Implementacion del sistema

£ New Project Wizard

Project Settings
Specify device and project properties,

Seleck the device and design flow For the project

Property Mame Yalue

Produck Cakegory Al »
Farnily Spartan3E ol
Device XKCIS500E w
Packange Fa3z0 w
Speed -4 »
Top-Level Source Type HOL

Synthesis Tool %3T (WHDLVerilog) b
Simulator ISim (WHDLMerilog) »
Preferred Language b
-F‘-rcuperty Specification in Project File |Store all values »

Manual Compile Order |
YHOL Source Analysis Standard YHDL-93 v/
Enable Message Filtering ¥

[ < Back ][ Mext = J[ Zancel
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Implementacion del sistema

Blogues del sistema:
o Procesador

o Memoria

o Reloj

o Reset Sincronico

o Detector

SASE 2011
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Implementacion del sistema

XTAL

ModuloPPal.vhd

somHz | | Clock 10Mhz
o (DCM)
Ledd
DCM Lock —
o RelojSistema.xaw
HREADY
HRESP/NMIIRQxXRXEV
—_ Sincronizador de
Reset Reset

Cortex-M0O
DesignStart

HADDR(2:11)

8

HTRANSHWRITE

L

HROATA{0:31

Memoria

MemoriaRom.xco

Ledi
SLEEP

Led2
LOCK

CORTEXMO_DS.v

Y {cortexmOds_logic.v)

i

A

ResetSincronico.vhd
(Constant2Pulse.vhd)
{Counter2Constant.vhd)
{ContadoriM.xco)

Detector (=

Led3
Detector

DetectorBus.vhd

SASE 2011
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Implementacion del sistema

Procesador

o Se utilizan las descripciones en
verilog provistas en los
deliverables:

“cortexmOds_logic.v”
(implementacion)
“CORTEXMODS.V” (interfase y buses)

SASE 2011
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Implementacion del sistema

Reloj

o Se utiliza un DCM (primitiva de
Xilinx) cuya entrada es el oscilador

de 50 MHz de la placa Nexys2

o Se lo configura para 10 MHz (se
pueden utilizar velocidades de hasta

alrededor de 40 MHz)
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Implementacion del sistema

£ Xilinx Clocking Wizard - Summary

Feature Summary:

A single DCM_SP configured

Filez To Be Generated:

File Directony:
C:4lgnacioyF acultad\Cortexkd 0NProyectal SENYHD L erlog

Archiwfiz file: FielojSistemna.nam

Block Attributes:

| Atributes for DO _5SP, blkname = D
CLEF<_DIVIDE =10
CLEF#_MULTIPLY = 2

CLEIN_PERIOD = 20.000

(3 Show all maodifiable attributes

(=) Show only the modifiable attibutes whose values differ from the default

| <Back || Finish

J |

Cancel

SASE 2011
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Implementacion del sistema

Detector

o Esta conectado al bus HRDATA del
procesador (datos de lectura)

o Configurado para detectar patrones:
Oxaaaab555 Enciende el led
OxfOfOfOfO Apaga el led
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Implementacion del sistema

Reset sincronico

o Se debe generar un unico pulso de al
menos 2 ciclos de reloj sincronizado con
el reloj de sistema

o Se utiliza un contador como base, pero
tiene el inconveniente de generar pulsos
de un ciclo de reloj de duracion y
periodicos con el overflow del contador
(reset periddico)
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Implementacion del sistema

Reset sincronico (cont.)

o Se implementan modulos en cascada con
la salida periodica del contador

o Counter2Constant: genera una transicion
de O a 1 en el primer rebalsamiento del
contador, manteniendo su salida
constante aungue en su entrada se
reciban los subsiguientes pulsos de
rebalsamiento del contador

SASE 2011 48



Implementacion del sistema

Reset sincronico (cont.)

o Constant2Pulse: genera un pulso de
un ciclo de reloj de duracion
sincronizado con la transicion de O a
1 de la salida del moédulo
Counter2Constant
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Implementacion del sistema

Reset sincronico (cont.)

o ResetSincronico: recibe como
entrada la salida del modulo
Constat2Pulse, la invierte, y genera
un pulso negativo de 5 ciclos de
reloj de duracion, que se utiliza
como seinal de reset del procesador
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Implementacion del sistema

Diagrama de Tiempos

Salidas:

Contador1iM

Counter2Constant

Constant2Pulse

ResetSincronico

: 1st.0OV : nth.OV
T T 1stov nth.QV
+ 15L0V nth.OvV

nth.OV

TAstov

SASE 2011
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Implementacion del sistema

Diagramas circuitales

Contador1M

Clock Up Counter Overflow(OV)

a
o o

S | y—

D B
> — > >
o @ |7 = |7 an @

SASE 2011

2]




Implementacion del sistema

Configuracion
del contador

IP Symbol

lo gtf- P

thresho
ad q[18:0]
clk
% P Symbol | Y Information

Binary Counter

Companent Name | Contador 1M ,

Irmplement using Fabrlc |

Cutput Width 2'20 | Range: 1..256

Increment Yalue I1 I Range: 1..FFFFF (Hex)
[] Loadable
Restrict Count

Final Count alue ;FA | Range: 1..FFFFE (Hex)

Count Mode :UP vi

Sync Threshold Output  Threshaold Yalue TIFQ ] Range: 1..FFFFF (Hex)
Control
[[] Clock Enable (CEY
[[] synchronous Clear (SCLR)
Synchronous Set (SSET)
o
Syhichronous Set and Clear(Reset) Priarity Reset C_)\r.er.rldu 1

Synchronous Controls and Clock Enable(CE) Pr |S\,rnc Crverride

Synchronous Init (SINIT) Init Yalue Range: 0O..FFFFF (Hex)

FPower-on Reset Init Value Range: 0O..FFFFF (Hex)

Latency Settings

1 ' Range: L3

¥ | Feedback Latenu:y Range 0.4
sl
I

Latency Configuration E.Manual ) vI Latency

Feedback Latency Configuratic ér\-'lanual

ihﬂ-‘«ctive High

Load Sense

Generate H Cancel ” Help ]
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Implementacion del sistema

Memoria

o Capacidad 512 palabras de 32 bits
(2048 bytes)

0-255 para la ROM
256-511 para la RAM
o Realizada a partir de BlockRAM
(primitiva de Xilinx)

o Preinicializada con el programa
generado en el entorno ARM MDK
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Implementacion del sistema

Preinicializacion:
o Se debe pasar de formato .ELF a
una imagen binaria

o Se utiliza la herramienta de linea de
comandos “fromelf” provista en
ARM MDK

“fromelf --bin —o BlinkingLed.bin
BlinkingLed.axf”
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Implementacion del sistema

Preinicializacion:
o Del formato binario se debe pasar al
formato de inicializacion de Xilinx (.COE)

o Para ello se utiliza la herramienta de
linea de comandos “bin2coe”,
desarrollada especificamente para esta

aplicacion
“bin2coe BlinkingLed.bin BlinkingLed.coe
512~
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Implementacion del sistema

Preinicializacion:
o Se utiliza el archivo BlinkinglLed.coe
generado como archivo de

INnicializacion de contenidos de la
memoria
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Implementacion del sistema

% Block Memory Generator |Z||E| fg|
Wi
IF Symbol 8 x| Spr
lgic 7" Block Memory Generator ia
Port & Options
Memory Size
Wy ite Widlth {32 Range: 1.,1152 Read Width: |32
Write Depth |512| | Range: 2.9011200  Read Depth: 512
ADDRAE:D] DOUTAR 0]
Ciperating Mode Enable
) Write First O Always Enabled
() Read First (=) Use EMA Pin
() No Change
;\: 1P Symbol |<: Power Estimation | ’Qatasheet] [ < Back ] Page 2 of 5 [ Mext = ] [ Generate ] [ Cancel ] [ Help
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Implementacion del sistema

% Block Memory Generator

iy

IP Syrmbol

g X

DOUTART:0]

' LgiC.**  Block Memory Generator

Dptional Cutput Registers
Port &
[[] Register Port & Cutput of Memory Primitives
[] Register Port & Cutput of Memory Core
Register Port 4 Input of SoftECC logic
Lse REGCEA Fin (separate enable pin for Port & output registers)

Pineling Stages within Mus [0 _J Mot Size: 122448801
Latency added by output registeris):

Port &: O Clock Cycle(s)
For Spartan-6 Latency information may not be accurate

Mermory Initialization

Load Init File

Coe File frtexMD\FroyechSE\CMD_DS_SyStem\BIinkingLed.coeH [ Browse l [ Shim

Fill Rermaining Mermory Locations

Remaining Memaory Locations (Hex) |D

4.2

+

% IP Symbol ' %] Power Estimation |

[Qatasheet] ’ < Back ] Page 3 of 5 Mext = ] ’ Generate ] [ Cancel ] [

Help
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Implementacion del sistema

avigator (M.63c) -

E File

Edit

Wiew

Project

1 D 2HF i db

Source

Mgnacio\Facultad\CortexMOVP royectolSEVCMO_DS_SystemMCMO_DS_System. xise - [Design Summary]

Process

Tools  Window

x| o

»

e

Layouk

Help

*RA2EnoseircL]Q

[ ibraries [ Files b= Start

I (=) Design Crverview T
| Design ek B ) ; B ModuloPPal Project Status 2
D view: © ﬁf} Implementation ) L e @ j I0E Properties Project File: | CMO_DS_System xise |Parser Errors: Mo
cEl Hierarchy ! [ Module Level Utiization Errars
E-; 5] CMO_DS_System | @ [ Timing Constraints Module ModuloPPal Implementation e
= _4fg (,5 J Pinout Report Name: State:
o T - Clock Ry 4
5 talgs ModuloPPal - Behavioral (ModuloPPaI..\fhd) [ Clock Repor Target «C3sS0e-4Fgaz0 SEiarg
[ Inst_detector - Detectorbus - Behavioral (DetectorBus.vhd) i G Static Timing Dewice:
Uy Inst_ResetSincronico - ResetSincronico - Behavioral (ResetSincronica, vhd) =) Errors and Warnings -
=2 instconstZpulse - Constant2Pulse - Behavioral (Constant2Pulse. vhd) §E Parser Messages :;:::;:_:: LEiee UL =
e instperiodic2constant - Counker2Constant - Behavioral {Counter2Constant, vhd} m 3 Synthesis Messages '
P; 4] CSetup - Contador 1M {Contador 1M, xeo) [ Translation Messages Design Goal: |Balanced *Routing
= 2y Inst_RelojSistema - RelojSistema (RelojSistema, xaw) [} Map Messages Results:
1 ] MemoriaSistema - MemoriaRom (MemariaRom, xco) [ Place and Route Messages Design wilimee Default *Timing
Procesadar - CORTEXMODS (CORTEXMODS. v % T!mlng Messages Strategy: {unlocked) Constraints:
u_logic - corkexmids_logic {cortexmids_logic,v) Bitgen Messages » £ ” S
[Z] Al Implementation Messages kitaninents -;T:rle'l:ummg
=) Detailed Reports 8
Synthesis Report
; [ Translation Report
e Detailed Reports -1
Mo P Surr Design Properties
P | Td Mo Processes Running Enable Message Filtering Report Status | Generated |Errors | Warnings |Infos
‘Tt Mo single design module is selected, Optional Design Surmmary Contents ey
| g YR [] shaw Clock Repart Synthesis
} =
k{: i w RO Shikes [[] show Failing Constraints Report
= Shows W arnings
= 0 _
=i ] show Errors Translation
Repart
-
5 Map Report
Place and 5
E Design Summary (%]
| Console 08 x|
Wrote file for project 'MemoriaRom' . ~
IP successfully created.
B INFO:HDLCompiler:1574 - Analyzing Verilog file 4\ "C:/Ignacic/Facultad/CortexM0/ProyectolSE/CH0_DS_System/ipoore dir/MemorisRom.vh " into library work
INFO:HDLCompiler:1061 - Parsing VHDL file "C:/Ignacio/Facultad/CortexM0/Proyectoll3E/CH0_DS_System/ipoore dir/MemoriaRom.vhd” into library work
dy INFO:ProjectMgmt: 656 — Parsing design hierarchy completed successfully. n
v
< >

0 Errors _m warnings (a4 Find in Files Resuls
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Logros de esta etapa

. Un proyecto en el entorno Xilinx ISE
con un sistema basado en el
procesador Cortex-MO

. Sistema configurado y con los
blogues minimos con capacidad
para ejecutar un programa
predisenado.
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Simulacion funcional

o Se utiliza la herramienta ISIM,
simulador integrado del entorno
Xilinx ISE.

o Se debe pasar de la vista de
Implementacion a la vista de
simulacion:

Design->View: Simulation
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Simulacion funcional

SE Project Navigator (M.63c) - C:AlgnacioFacultad\CortexMO\ProyectolSEACMO_DS_SystemMCMO_DS_System.xise - [Design Summary]

¥ File Edit Yiew Project  Source  Process  Tools  Wiindow  Layoub  Help - 8 %X
N2 EHF X X wa| »p 2R AR A BTN FRPELY

= i =- Design Overview A B
ki Design SR & ?g T = ModuloPPal Project Status {02,/28/2011 - 21:02:48) :
[ HEEe = Bl ci : *
m‘] iew: O @I Implementation () AR Sirnistion @ @ 10OB Properties Project File: CMO_DS_System. xise Parser Errors: Mo Errors

et Behavioral b lizati

it @ I\’!ou.jlule Level U.tlllzatlon Module Name: ModuloPPal Implementation State: Programming Filz Generated

o Higrarchy @ [E] Timing Constraints

= i Target Devyice: *CEsS00e-4Fg320 = Errors: Mo Errors

] cMo_ps_syst [ PFinout Report
¥ = _DS_System
Q > 5 E3 xcIisSi0e-4Fg3zn ('5 E Clock Repaort Product Yersion: |ISE 12,2 » Warnings: 46 Warnings (45 new)
| = : > : | Static Timi

.§ =l ‘ModuloPPal - Beh ModuloPPal, vhd) - i Errorc;aan d ?n\il;rnlir:lgl-lsg Design Goal: EBalanced » Routing Results: &l Signals Completely Routed
= m Inst_detector - DeteckorBus - Behavioral (DetectorBus.y oy = 3
=] 5 ; §E @ Parser Messages Design Strategy: | iiling Default (unlocked) =+ Timing Constraints: | Al Constraints Met

7 [ Insk_ResetSincronico - ResetSincronico - Behavioral (Res ) ST e
=l i Inst_Relojsistema - RelojSistema (RelojSistema.xaw) | (i) % ?::;:;';M;ZZEZ; Environment: System Settings «Final Timing Score: |0 (Timing Repart}

- i MemariaSiskemna - Memoriafom (MemoriaRom,xoo)

&
Map M
Procesadar - CORTEXMODS (CORTEXMODS ) [ MapMessages

@ Place and Route Messages

@ Tirving Messages Device Utilization Summary [-1
< i 5 @ Bitgen Messages + | | | Logic Utilization Used Available Utilization Note(s)
T M Design Properties Murnber of Slice: Flip Flops 853 9,312 9%
Mo P Runni : -
) loeree e g [] Enable Message Filtering Murmber of 4 input LUTs 4,617 9,312 499,
 Modul I i Optional Design Summary Conkents

Processes: ModuloPPal - Behaviorsl ] Show Clock Report Murnber of occupied Slices 2,917 4,656 BE%

= T £ :
E{: o $ LS Slmulétor [] Show Failing Constrainks Mumber of Slices containing only related logic 2,917 2,917 100%:

)  Behavioral Check Syntax [ Show Warnings
Ert: Simulate Behavioral Madel i ] Show Errars Murnber of Slices containing unrelated logic 1} 2,917 0%
=, Taotal Murnber of 4 input LUITS 4,737 9,312 S0% v
= Design Summary B8 |
| Consale 085 X
eg INFO:ProjectMowt:: 656 — Parsing design hierarchy completed successiully. ~
4y INFO:HDLCompiler:1574 - Analyzing Verilog file \"C:/Ignacio/Facultad/CortexM0/ProyectolSE/CHO0_DS Systew/CORTEEMODS.v\ " into library work
A INFO:HDLCompiler:1061 - Parsing WHDL file "C:/Ignacio/Facultad/CortexM0/ProyectoI3E/CH0 DS Systemw/ConstantiPulse.vhd" into library work
Jp INFO:HDLCompiler:1061 - Parsing WHDL file "C:/Ignacio/Facultad/CortexMd/Proyecto ISEICHD_DS_SystemHCDunterZ Constant .vhd" into library work
U INFO:HDLCompiler: 1061 - Parsing VHDL file "C:/Ignacio/Facultad/CortexM0/Froyectol3E/CHO_D3_System/DetectorBus.vhd"” into library work
U INFO:HDLCompiler: 1061 - Parsing VHDL file "C:/Ignacio/Facultad/CortexN0/ProyectolSE/CHO DS System/ModuloFPal.vhd" into library work
4y INFO:HDLCompiler:1061 - Parsing VHDL file "C:/Ignacio/Facultad/CortexM0/Proyectol3E/CM0 DS _System/ResetSincronico.vhd" into library work
A INFO:HDLCompiler:1574 - hnalyzing Verilog file \"C:/Ignacio/Facultad/CortexM0/Proyectol3E/CH0_D3 System/cortexmOds_logic.w\ " into library work
Jp INFO:ProjectMomt: 656 - Parsing design hierarchy completed successfully.
Launching Design Swmary/Report Viewer...

< | >

o Errors L Warnings (p§ Find in Files Results
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Simulacion funcional

o Es necesario forzar una entrada de
reloj para la simulaciéon, en este
caso simularemos la salida del
DCM:

Seleccionamos la senal clock Iny con
el botdn derecho del mouse
seleccionamos “force clock”

o Luego simulamos 100 uS con esta
configuracion.
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Simulacion funcional

Define Clock

Enter parameters below to force the signal to an
alternating pattern (clock). Assignments made from within
HOL code or any previously applied constant or clock force
will be averridden

Signal Marne: | ,l'mu:u:lulu:uppal,l'clnck_in

Yalue Radix

Leading Edge Yalue:

Trailing Edge Yalue:

Starting ak Time OFfsek:

Zancel after Time QOffset:

Dby Crwcle (3%

Period

ok, | | Cancel | |
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Simulacion funcional

o Se observa gue en el tiempo 53.79
uS se produce la aparicion de la
secuencia OxfOfOfOfO en el bus de
datos de escritura (HWRITE), lo que
produce la activacion de la senal del
detector del bus (Led03)

o Esto verifica el correcto
funcionamiento del sistema en la
simulacion.
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Simulacion funcional

(M.63c) - [Default.wcfg®]

|zz2| File  Edit
02 Hd
z J-I—.
Sl
= ‘4
2
Tl
=
e
=1 |
L
qulFrS

-

¥

i

n.‘:-.

M

g Objecks & Instances and Processes

Wiew  Zimulation  Window  Layout  Help =
Y X ® v o MmN QI FTE DA 220 A2 Rivsa| 1 & B b pE|s000usy b
[54 us]
|53.45 us |53.50 us |53.55 us 53,60 us |53.65 us 53.70us 5375 us |53.BD us 53.85
L h L e M e R k! I ek L
ledD
| darbe . 1cSb4b0z O000e7es FOFJFOFD
| 00140000
| 00000... 000000cz 000000c= 00o000c: 000000 0o0oa...
1]
a b a
2 1] 2 2
2 1] 2 2

EENCHENCEENCHENTY ENCYEN I ED CHEN TR ENOF EN OV EN TR EY (R EN NN €V CHEN OV EN CHEN TY )

THENDENTEKTE

| <
Default, wefo*

<]

| Console

@ Breskpoints (4 Find in Files Results II Search Resulks

Sim Tirne: 101,000 ns
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Logros de esta etapa

o Se ha verificado el correcto
funcionamiento del sistema
mediante una simulacion funcional

utilizando la herramienta ISIM del
entorno Xilinx ISE
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Verificacion en hardware

o Se utiliza la herramienta ChipScope Pro
para visualizar las senales en el interior
de la FPGA

o Se debe crear y configurar un modulo
CSP:

Se establece como condicion de disparo la
aparicion del patron Oxaaaa5555 en el bus
HRDATA

Se monitorean las senales HADDR, HRDATA
y la salida del detector.

Se utiliza como senal de reloj al reloj de
sistema (HCLOCK)
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Verificacion en hardware

& Salect Net

Structure [ Nets /| Net Selections
7 f [ModulaPPal] = | Trigger Signals | Data Signals
o= Inst_ResetSincronicolinstconstZpulselfinstperiodicZeonstantiCSetup [Contador] Clock Signals
o= MemaoariaSisterna MemoriaRom] Al
i |||Channe|
A HRData=0= -
i |HRData<1>
| |HRData<2>
dll |HRData<3>
‘|cH:4  HRData<a>
‘|llcH:5  IHRData<5>
‘|lcH:6  IHRData<6>
“licH: |HRData<7>
: |HRData<g>
1 2 : mﬂnataﬂr L
:{/[CH:10 RData<10>
"| “|cH:11_ HRData<11>
Met Mame Source Instance Source Component |Base Type 5§ HE::g mg:a:g:
Inst_detectorientradat... inst_detectorfentradat... |LUT2 LUT2 o ”tH;” |J'HRDa‘t:'=14>
In=t_detectorirst_ft In=t_detectorist_ft FO_1 FO_1 §§ ||k:H:15 |JHRData-=15=-
Inst_detectorirst_ff_m.. [Inst_detectorfst §f_m. LUT4 LUT4 ||k:H:1ﬁ |JHRData-=1ﬁ=-
Inst_detectorirst_ff_m.. Inst_detectorfst_ff_m. LUT4 LUT4 ||k:H:1? |JHRData-=1?:=-
Inst_detectorirat_ff_m.. Inst_detectorfist_ff_m. . [LUT4 LUT4 : ICH:18  |HRData<18> | 2
Inst_detectorirat_ff_m.. Inst_detectorfist_ff_m_ [LUT4 LUT4 ICH:19  |HRData<19>
Inst_detectarkst_fi_m... Inst_detectorist_ff_m... [LUT4 LUT4 ||k2H:2lJ |JHRData€2I]>
Inst_cetectarkst_fi_m... Inst_detectorist_ff_m... [LUT4 LUT4 ||k2H:21 |JHRData€21>
Ledd_OEUF Inst_ReloisistemaDc... DCMW_SP DChi_SP : ||tH:22 |JHRData€22>
Led1 _OEUF Procesadoriu_logicssl.. LUT2 LuT2 ||tH:23 |JHRData=:23> 2|
Led2_OBUF Procesadoriu_logicio... LUTS LUT3 CH:24 _|HRData<24> -
Leds OBUF Inzt_detectarinstFF FDCE FDCE H
Ledd_OBUF Inzt_ResetSincronico/... LUT4 LUT4 Sl
Leds_OBLF XET_GHND GMD GMND i
Led?_OBUF KET_WCC wCe WEC | Make Connections ‘ | Moyve Mets Up ‘
MO Procesadoriu_logic/... LUT4 LUT4 |
‘1|DD1 Procesadoriy login®. LT3 L LT3 L - > |Remwe Connections ‘ | Mowe Nets Down ‘
‘ 0K H Cancel ‘
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Verificacion en hardware

o Al darse las condiciones de disparo,
se observa en el bus HRDATA la
aparicion del patron Oxaaaa5555
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Verificacion en hardware

ChipScope Pro Analyzer [ModuloPPal]

File wiew JTAG Chain Device Trigger Setup ‘Waveform  Window  Help

.._|-°|TrlggerRunM0de. | b N T!| : | e & |

[ 4 : ]
|Project: ModuloPPal I+1l &2 Trigger Setup - DEV:0 MyDevice0 (XC3S500E) UNIT:0 MyILAO (ILA
JTAG Chai 1= _ - :
¢ DEV'IJarIuT\,fDeviceD [{C3GA00E) = Match Uinit Function Walue Radix Counter |
5 = T == i disabled fri
& UNIT:0 MylLAD (LA & o MO:TriggerParto == 1010_1010_1010_1010_0101_0101_0101_01 01 Ein disabled Z‘
Trigger Setup T T e e e e e T e | |
"Wavefarm : _:J Add Active Triguer Condition Mame Trigger Condition Equation |
Listing A=l - TriggerCondition o =
Bus Plot bl 5
DEY:1 MyDevice! (XCF045) x EE . : _ i
g| e window || Windaws: 1 oepth: [512 \~|  Positon I
=
N T | Storage Gualification: All Data
Signals: DEV: 0 UNIT: 0 @ sample Burfer is full
o Data Part
& Trigger Ports {& Waveform - DEV:0 MyDevice0 (XC3S500E) UNIT:0 MylLAO (ILA)
Bus/Signal X 0 g T 2| :T T 5| lli A
/Led3_OBUF 0 0 I=
o /HADDR oza| oz n2a i 024 ¥ 02E nac b
o fHRData ARLL [ARAR aaaifpsss X 20002100 s 1C49E001 I 42901C40 ot 4B05CH
[4] ol el p ] afi] : _1»]
Waveform captured 02/03(2011 22:42:14 it ol4fr 0 a(x-0j3| 0|

Oi4 e

-

COMMAND: set_window_capture 000 15120

COMMAND: set_match_function00003 110101010101010100101010101010101
COMMAND: set_trigger_condition 0 0 3 15555

COMMANLD: set_storage_condition 0 0 FFFF

COMMAND: run0 0

COMMAND: upload 0 0

INFO - Device 0 Unit 0: Sample Buffer is full

INFO - Device O Lnit 02 Waveform captured 02/0372011 22:42:14
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Logros de esta etapa

o Se verifico la aparicion del patron
prestablecido en las senales
Internas de la FPGA

o Se obtuvo una concordancia entre
la simulacion de software en el
entorno ARM MDK, la simulacion
funcional con ISIM y la verificacion
de hardware con ChipScope Pro.
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Informacion de contacto

o Laboratorio de sistemas embebidos
(LSE)
http://laboratorios.fi.uba.ar/lIse

o Fabricio Baglivo
baglivofabricio@gmail.com

o Pedro Martos
http://www.fi.uba.ar/—pmartos
pmartos@fi.uba.ar
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