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Programmable Logic Evolution

XC2000-XC3000  XC4000, Virtex® Virtex-l| Virtex-ll Pro™
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Xilinx Virtex-ll Pro FPGA

Setting the Standard in Programmable Logic

@ ‘ Advanced FPGA Logic -
125,000 logic cells

High performance true

dual-port RAM - 10 Mb ~ SelectlO™- Ultra
Embedded XtremeDSP
Functionality - 556 multipliers

Technology - 1200 I/0
RocketlO™ High-speed
Serial Transceivers - 24

PowerPC™ Processors
400+ MHz Clock Rate - 4

XCITE Digitally Controlled
Impedance - Any I/0O

' DCM™ Digital Clock
Management - 12

130 nm, 9 layer copper in 300 mm wafer technology M
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Virtex-ll Pro Revolution

BT C Tt L L e ™

e Upto 24 Serial Transceivers
— 622 Mbps to 3.125 Gbps

PowerPT"
e Upto4 PowerPC 405 Processors

— Industry standard
— 420 DMIPS at 300 MHz

R 0 S B T B

Built on the Success of Virtex-Il Fabric
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RocketlO™ SerDes
Leading-Edge High-Speed Serial

; e Multi-Rate
t}:\ - 3125, 25; 201 125’ 10 Gbps

T DATA s — 2 - 24 transceivers
B FIFO [® serializer B Serial
3-32b Wiclgfff IEAsE: 0

e Multi-Protocol
; Out

— 1G, 10 G Ethernet (XAUI)

Transmitter — PCI Express
\ — Serial ATA
On-Chip ..
Reference - Ir!flnlBand
Glogk Receiver — FibreChannel
RX Clock Generato — Serial RapidIO

— Serial backplanes...

Elastic ¥4 10B/8B De- Receive
ey Buffer MbecodelS 126N  uffer * Key Features
— Embedded 8B/10B Coding
- T e T e R T T T T T — 4-Level Pre-Emphasis
U s LT L — Programmable Output Swing
AC & DC Coupling




Virtex-ll Pro Device Family

Covers the Entire Design Spectrum

Package
FG256
FG458
FFGira2
FGobrG
FFBAG
FF1132
FF1148*
FF1517
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FF1696"

* Nete Special Band our aptian, WO MO T with Maximum Sefecg 0

IRTEX-II
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EasyPath
Logic Cells

BRAM (Kbits)

DCMs

PowerP™ Processors
AoctetfI7 1. Multi-Gigabit Transceivers

i

Multiplier Blocks

Maximum User 'O
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Embedded Development Kit (EDK)

 All encompassing design environment
for Virtex-1l Pro PowerPC™ and MicroBlaze
based embedded systems in Xilinx FPGAs

* Integration of mature FPGA and
embedded tools with innovative
IP generation and customization
tools

 Delivery vehicle for Processor IP
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EDK System Design
Comprehensive Tool Chain

Standard FPGA HW
Development Flow

b

Standard Embedded SW
Development Flow

I I 411 1111111 11
Compiler/Linker Synthesizer

0 SHE R TS TS T
(Simulator) Simulator

T ey
Pz i

Object Code
\H H\ k Bitstream

O |
Place & Route

\Hm Hm Hu Mm \ Download to FPGA
DOWﬂlOad to Board & FPGA —

1l ‘““”
Deb u g g er =

| RIS Boar d Support Package ChlpSCOpe TOOlS
) IO T T T

= b }'{ILINH
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PowerPC 405

[-Side On-Chip
Memory (OCM) e b-stage data path pipeline
e 16KB D and | Caches
e Embedded Memory
Management Unit
e Execution Unit
— Multiply / divide unit
— 32 x 32-bit GPR

! e Dedicated on-chip memory

D-Cache Execution Unit SRS B interfaces

1T A0 Ww

(CON - GS Ol nsiuction | © Timers: PIT, FIT, Watchdog
e Debug and trace support

e Performance:
D-Side On-Chip — 450 DMIPS at 300 MHz
Memory (OCM) — 0.9mW/MHz Typical Power
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What is MicroBlaze?

M achine Status
Reg

Program _
S I e 32x 32bit
rl

Control Unit ro
- —~ |

Shift/  Add/
Logical Subtract

I S A
Pr ocessor

J8||0.13U0D SNg UoIPN JISU |
1B10.11U0D sng ereq

* |t's a soft processor, around 900 LUTs

e RISC Architecture

o 32-bit, 32 x 32 general purpose registers
 Supported in Virtex/E/lI/lIPro, Spartan-III/II/E
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More on MicroBlaze ...

Harvard Architecture

Configurable instruction cache, data cache
Non-intrusive JTAG debug

Support for 2 buses:

— LMB (Local Memory Bus) - 1 clock cycle latency, connects to
BRAM

— OPB (On-chip Peripheral Bus) - part of the IBM
CoreConnect™ standard, connects to other peripheral
“Portable” IP between PPC and MB

Big endian, same as PowerPC PPC405
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MicroBlaze Interrupts and
Exceptions

e Interrupt handling

— 1 Interrupt port

o 32+ interrupts and masking supported through interrupt
controller(s)

 Exception handling
— No exceptions generated in Virtex-1l versions

— One Iin Virtex/E and Spartan-II versions for MUL
Instruction

Implementing Processor Systems on Xilinx FPGASs Page 15 w




Software Tools

GNU tool chain

GCC - GNU Compiler Collection

GDB - The GNU debugger

— Source code debugging

— Debug either C or assembly code

XMD - Xilinx Microprocessor Debug utility

— Separate Process

— Provides cycle accurate program execution data
— Supported targets: simulator, hardware board

Implementing Processor Systems on Xilinx FPGASs Page 16 @




Software - XMD

* Interfaces GDB to a “target”

 Allows hardware debug without a ROM monitor or reduces
debug logic by using xmd-stub (ROM monitor)

 (Offers a variety of simulation targets
— Cycle accurate simulator
— Real hardware board interface via UART or MDM

* Includes remote debugging capability
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MicroBlaze Debug Module

e JTAG debug using BSCAN

e Supports multiple MicroBlazes

 Software non-intrusive debugging

» Read/Write access to internal registers

 Access to all addressable memory

e Hardware single-stepping

 Hardware breakpoints - configurable (max 16)

e Hardware read/write address/data watchpoints
— configurable (max 8)

Implementing Processor Systems on Xilinx FPGASs Page 18 w
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Example MicroBlaze System

External to FPGA

-Side LMB - D-Side LMB

SYS_Clk / I-Side OPB D-Side OPB

SYS Rst

JTAG Debug

Serial Port

External to FPGA
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Example PPC405 System

Jtag

Ref Clk

User Input/Output

External PHY

Implementing Processor Systems on Xilinx FPGAs Page 21



Infrastructure (includes Device Drivers)

Implementing Processor Systems on Xilinx FPGASs

Processor IP (HW/SW)

MicroBlaze CPU

LMB2OPB Bridge

PLB Arbiter & Bus Structure (PLB_V34)
OPB Arbiter & Bus Structure (OPB_V20)
DCR Bus Structure (DCR_V29)

PLB20OPB Bridge

OPB2PLB Bridge

OPB20PB Bridge - Lite
OPB2DCR Bridge

System Reset Module

BSP Generator (SW only)
ML3 VxWorks BSP (SW only)

Memory Test Utility (SW only)

Page 22 @

OPB IPIF Modules (includes Device Drivers)
PLB IPIF

OPB IPIF-Slave Attachment
OPB IPIF-Master Attachment
IPIF-Address Decode
IPIF-Interrupt Control
IPIF-Read Packet FIFOs
IPIF-Write Packet FIFOs
IPIF-DMA

IPIF-Scatter Gather
IPIF-FIFOLink

PLB IPIF

PLB IPIF-Slave Attachment
PLB IPIF-Master Attachment
IPIF-Address Decode
IPIF-Interrupt Control
IPIF-Read Packet FIFOs
IPIF-Write Packet FIFOs
IPIF-DMA

IPIF-Scatter Gather
IPIF-FIFOLink




Memory Tests)

PLB EMC (Flash, SRAM, and ZBT)
PLB BRAM Controller

PLB DDR Controller

PLB SDRAM Controller

OPB EMC (Flash, SRAM, and ZBT)
OPB BRAM Controller

OPB DDR Controller

OPB SDRAM Controller

OPB SystemACE

LMB BRAM Controller

Peripherals (includes Device Drivers & RTOS

Implementing Processor Systems on Xilinx FPGASs

Adapt. Layers)

OPB Single Channel HDLC Controller
OPB<->PClI Full Bridge

OPB 10/100M Ethernet

OPB 10/100M Ethernet - Lite

OPB ATM Utopia Level 2 Slave

OPB ATM Utopia Level 2 Master

Page 23

Processor IP (HW/SW)

Memory Interfaces (includes Device Drivers &

Peripherals (continued)

OPB IIC Master & Slave
OPB SPI Master & Slave

OPB UART-16550

OPB UART-16450

OPB UART - Lite

OPB JTAG UART

OPB Interrupt Controller

OPB TimeBase/Watch Dog Timer
OPB Timer/Counter

OPB GPIO

PLB 1G Ethernet

PLB RapidlO

PLB UART-16550

PLB UART-16450

PLB ATM Utopia Level 2 Slave
PLB ATM Utopia Level 2 Master
PLB ATM Utopia Level 3 Slave
PLB ATM Utopia Level 3 Master
DCR Interrupt Controller




System Infrastructure

e Hardware IP
— Common PowerPC and MicroBlaze peripherals
— Peripherals are common across bus types
— Parameterize for optimal functionality, optimal FPGA usage
— |IP Interface (IPIF) provides common hardware blocks
 Software IP (Device Drivers)
— Common across processors and operating systems

Implementing Processor Systems on Xilinx FPGASs Page 24




The Benefits of Parameterization

Example: OPB Arbiter

Parameter Values Resources F yax

NUM_MASTERS PROC_INTERFACE DYNAM_PRIORITY PARK REG_GRANTS  LUTs MHz

11| 295
18| 223
34| 193
59| 156
54| 169
83| 159
34| 201
146| 145;
388] 112

=

<|<[Z|1Z|Z2|<|Z2|Z2|Z2

<|<|1Z1Z2[KL[Z2]|Z2|Z2|Z

<|<|1Z2<L[Z2|Z2|12|Z2|Z2
<|<[<|Z[Z2|Z2|Z2|Z2|2

ool Eo B N E N BN E

 Significantly increases performance or saves area
e Only include what you need
 This can only be accomplished in a programmable system
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(g971d 10 9d0O) shg 10sSsa20 id

Full IP Interface (IPIF)

IPIC
v Consists of 8 modules

| nterrupt :
— Each module is selectable and

parameterizable
Slave Addr Decode - -
Attachment e Automatically configures a core
to the processor bus
— Xilinx IP Cores

— 3rd Party IP Cores

— Customer proprietary cores and
external devices

M aster Read FIFO
Attachment l
e OPB & PLB supported

BlUeCore HW — Busindependent IP Cores and
Bus Attachment Independent associated Device Drivers

L ayer &« |PIF will be added to other
LogiCOREs
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Buses and Arbiters

e PLB
— Arbitration for up to 16 masters
— 64-bit and 32-bit masters and slaves
— |IBM PLB compliant
 OPB
— Includes arbiter with dynamic or fixed priorities and bus parking
— Parameterized I/O for any number of masters or slaves
— |BM OPB compliant
e DCR
— Supports one master and multiple slaves
— Daisy chain connections for the DCR data bus
— Required OR function of the DCR slaves’ acknowledge signal
e LMB

— MicroBlaze single-master Local Memory Bus @
Implementing Processor Systems on Xilinx FPGASs Page 27




Bridges

e PLBtoOPB
— Decode up to 4 different address ranges
— 32-bit or 64-bit PLB slave, 32-bit OPB master
— Burst and non-burst transfers, cache-line transactions

e OPBtoPLB
— 64-bit PLB master, 32-bit OPB slave
— Burst and non-burst transfers, cache-line transactions
— BESR and BEAR

* OPB (slave) to DCR (master)
— Memory mapped DCR control

» OPBtoOPB
— Allows further OPB partitioning

Implementing Processor Systems on Xilinx FPGASs Page 28 M




More System Cores

* Processor System Reset

— Asynchronous external reset input is synchronized with clock
— Selectable active high or active low reset
— DCM Locked input

— Sequencing of reset signals coming out of reset:
* First - bus structures come out of reset

 Second - Peripheral(s) come out of reset 16 clocks later
* Third - the CPU(s) come out of reset 16 clocks after the peripherals

e JTAG Controller
— Wrapper for the JTAGPPC primitive.

— Enables the PowerPC'’s debug port to be connected to the FPGA JTAG chain
e |PIF User Core Templates

— Convenient way to add user core to OPB or PLB

Implementing Processor Systems on Xilinx FPGASs Page 29 w




Timer / Counter

e Supports 32-bit OPB v2.0 bus interface

e Two programmable interval timers with interrupt,
compare, and capture capabilities

e Programmable counter width
e One Pulse Width Modulation (PWM) output
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Watchdog Timer / Timebase

e Supports 32-bit bus interfaces

 Watchdog timer (WDT) with selectable timeout period
and interrupt

e Two-phase WDT expiration scheme

 Configurable WDT enable: enable-once or enable-
disable

« WDT Reset Status (was the last reset caused by the
WDT?)

e One 32-bit free-running timebase counter with rollover
Interrupt

Implementing Processor Systems on Xilinx FPGASs Page 31 w




Interrupt Controller

* Number of interrupt inputs is configurable up to the width
of the data bus width

e Interrupt controllers can be easily cascaded to provide
additional interrupt inputs

» Master Enable Register for disabling the interrupt request
output

e Each input is configurable for edge or level sensitivity
— rising or falling, active high or active low

 Qutput interrupt request pin is configurable for edge or
level generation
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UART 16550/ 16450/ Lite

* Register compatible with industry standard 16550/16450
e 5,6, 7or8bits per character

e (Qdd, even or no parity detection and generation

e 1,1.50r 2 stop bit detection and generation

* Internal baud rate generator and separate RX clock input
e Modem control functions

e Prioritized transmit, receive, line status & modem control
Interrupts

* Internal loop back diagnostic functionality

 Independent 16 o1 1 e v
Implementing Processor Systems on Xilinx FPGASs Page 33




@

e 2-wire (SDA and SCL) serial interface
e Master/Slave protocol

» Multi-master operation with collision detection and
arbitration

* Bus busy detection

 Fast Mode 400 KHz or Standard Mode 100 KHz operation
7 Bit, 10 Bit, and General Call addressing

e Transmit and Receilve FIFOs - 16 bytes deep

e Bus throttling

Implementing Processor Systems on Xilinx FPGASs Page 34 @




SPI

 4-wire serial interface (MOSI, MISO, SCK, and SS)
e Master or slave modes supported

e Multi-master environment supported (requires tri-state
drivers and software arbitration for possible conflict)

 Multi-slave environment supported (requires additional
decoding and slave select signals)

* Programmable clock phase and polarity
e Optional transmit and receive FIFOs
 Local loopback capability for testing
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Ethernet 10/100 MAC

e 32-bit OPB master and slave interfaces

* Media Independent Interface (MIl) for connection to
external 10/100 Mbps PHY Transceivers

 Full and half duplex modes of operation

 Supports unicast, multicast, broadcast, and promiscuous
addressing

* Provides auto or manual source address, pad, and
Frame Check Sequence
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Ethernet 10/100 MAC (cont)

e Simple DMA and Scatter/Gather DMA architecture for
low processor and bus utilization, as well as a simple
memory-mapped direct I/O interface

 Independent 2K to 32K transmit and receive FIFOs

e Supports MIl management control writes and reads with
MIl PHYs

e Supports VLAN and Pause frames
e Internal loopback mode

Implementing Processor Systems on Xilinx FPGASs Page 37 w




1 Gigabit MAC

e 64-bit PLB master and slave interfaces
e GMII for connection to external PHY Transceivers
e Optional PCS function with Ten Bit Interface (TBI) to

externa
e Option
externa

PHY devices

PCS/PMA functions with SerDes interface to
transceiver devices for reduced signal count

e Full duplex only

e Provide

S auto or manual source address, pad, and

~rame Check Sequence
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1 Glgablt MAC (cont)

e Simple DMA and Scatter/Gather DMA architecture for
low processor and bus utilization, as well as a simple
memory-mapped direct I/O interface

* |no

e SU
M

ependent, depth-configurable TX and RX FIFOs
pports MIl management control writes and reads with

PHYs

e Jumbo frame and VLAN frame support
e Internal loopback mode
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Single Channel HDLC

 Support for a single full duplex HDLC channel

e Selectable 8/16 bit address receive address detection,
receive frame address discard, and broadcast address
detection

» Selectable 16 bit (CRC-CCITT) or 32 bit (CRC-32) frame
check sequence

» Flag sharing between back to back frames
e Data rates up to OPB_Clk frequency
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Single Channel HDLC (cont)

e Simple DMA and Scatter/Gather DMA architecture for
low processor and bus utilization, as well as a simple
memory-mapped direct I/O interface

 Independent, depth-configurable TX and RX FIFOs

* Selectable broadcast address detection and receive
frame address discard

 Independent RX and TX data rates
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ATM Utopia Level 2

 UTOPIA Level 2 master or slave interface
e UTOPIA interface data path of 8 or 16 bits

 Single channel VPI/VCI service and checking in received
cells

» Header error check (HEC) generation and checking
 Parity generation and checking

e Selectively prepend headers to transmit cells, pass entire
received cells or payloads only, and transfer 48 byte
ATM payloads only
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ATM Utopia Level 2 (cont)

e Simple DMA and Scatter/Gather DMA architecture for
low processor and bus utilization, as well as a simple
memory-mapped direct I/O interface

 Independent, depth-configurable TX and RX FIFOs
e Interface throughput up to 622 Mbps (OC12)
* Internal loopback mode
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OPB-PCI Bridge

e 33/66 MHz, 32-bit PCI buses
e Full bridge functionality

— OPB Master read/write of a remote PCI target (both single and burst)
— PCl Initiator read/write of a remote OPB slave (both single and multiple)

e Supports up to 3 PCI devices with unigue memory PCI
memory space

e Supports up to 6 OPB devices with unique memory OPB
memory space

e PCl and OPB clocks can be totally independent
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System ACE Controller

* Used in conjunction with System ACE CompactFlash
Solution to provide a System ACE memory solution.

e System ACE Microprocessor Interface (MPU)

— Read/Write from or to a CompactFlash device
— MPU provides a clock for proper synchronization

* ACE Flash (Xilinx-supplied Flash Cards)
— Densities of 128 MBIts and 256 Mbits

— CompactFlash Type 1 form factor

 Supports any standard CompactFlash module, or IBM microdrives up to 8
Ghits, all with the same form factor.

« Handles byte, half-word, and word transfers
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GPIO

e OPB V2.0 bus interface with byte-enable support
e Supports 32-bit bus interface

e Each GPIO bit dynamically programmable as input or
output

* Number of GPIO bits configurable up to size of data bus
interface

 Can be configured as inputs-only to reduce resource
utilization
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Memory Controllers

e PLB and OPB interfaces
e External Memory Controller

— Synchronous Memory (ZBT)

— Asynchronous Memory (SRAM, Flash)
* Internal Block Memory (BRAM) Controllers
 DDR and SDRAM
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Device Drivers and Board
Support Packages (BSPs)

%&Lﬁﬁiﬂ@%%ﬁ%ﬁﬁ

RTOS Adaptatlon Layer

¢

‘ H m i
wly

1

C 1

Device drivers are provided for each
hardware device

e Device drivers are written in C and are

designed to be portable across

Sh e Device drivers allow the user to select

= o - the desired functionality to minimize the
e BSPs are automatically generated by

Boot Code EDK tools

- 'iil: B i ; Processors
required memory




2 XILINX®

Creating a Simple
MicroBlaze System
with XPS

with Base System Builder Wizard
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Design Flow

 Design Entry with Xilinx Platform Studio using the
Base System Builder Wizard

e (Generate system netlist with XPS
e (Generate hardware bitstream with XPS

e Download and sanity check design with XPS and
XMD
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Simple MicroBlaze System
Block Diagram

-Side LMB -l D-Side LMB

I-Side OPB D-Side OPB

SYS Clk/
SYS Rst

External to FPGA ﬂ
Implementing Processor Systems on Xilinx FPGAs Page 51
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Start Xilinx Platform Studio
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Create A New Project

e Select File from the Tools
menu

o REEEEEEE o Select the New Project
& project file will be created in the currert directory if a path iz nat specified. Submenu and the Base
el e eslhe e Diee SySte m B U | | d er su b menu

™ Uszer Peripheral Fepositony search path for [P, driver and library files.
Can be a semicolon separated ligt of directornies.

' EC e Browse to the location where
T e the project is to be located

Project File

e Click OK to start creating the
project
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Selecting The Board

Base Sysbem Builder - Select Board

;Er?u%éiéd Devel t Kit )
. e e Select Xilinx as the Board

Vendor

o Select Virtex-1l Multimedia
FF896 Development Board as
L A e R the Board Name

of #n drnbaddid palim
Please Egn B selecing youl Bange! developnient boand:

et R = e Select Board Revision 1
il O
T oo IS e o et e Click Next to continue to the

Viledl]l This bosrds noludes 3248 of SDAAM 1 AS232 seaal pot, 8 0IF
wpillckees, & push butiors, and 4 LEDs.

- next step
More Info_| [ het: | Conce |
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Select the Processor

Select the procesno bt pos smbedded spsiem

" Misblace Micro3laze
- IRTEX N
PR

Mot supparted by iz board PowerPl

e This board has a Virtex-Il
FPGA which does not contain
a PowerPC processor

et e Click Next to continue to the

Th MicsoBlaza{T ] 32-bi soft processo s & AISC-based angre sl 2

12 regisher e 32 bt LUT Rib-based Regster Fis_ mth separste

rabuciory e dats and memory sccess. || puppotts both on-chep nex S ep
BlockAAM aradfor astémal memony, A peiphensl ans implemsnted on

Ui FPTRA, Ladsial: o] (ool il 1 Dol v 0w ol il il i JOIPE )

Bore Inda chack | Meer | Lance |
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Configuring The Processor

e * Select On-chip H/W debug
S e — module such that a ROM
s P monitor Is not required
[ fee— e Select 64KB of Local Data and
o Instruction Memory (BRAM)
‘ . S e There is no need to select
o~ caches when using internal
o BRAM
 Click Next to continue to the
e Inka_| <Back | Met: | Cancel | next Step
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Configuring /O Interfaces

T bt Feslivorsgy B il s vl [ ool S i Bl bl
Filrw ebei | Mulinesda FRESE Desselaomeent Boaid Feveson 1

RS ————— e The board has a serial port
fe— e and It is default behavior to
> . . .
e build the hardware with it
Py [hone =]

[ Use Inbeanugd

e Since it Is used as standard
/O It Is not necessary to be
Interrupt driven

e Click Next to continue to the
next step

B Ik cgack [ Hedr || Cance |
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Adding Internal Peripherals

Py Sy stem Bulder - Add Intermal Peripherals

Add other periphersls thal do nol ingesract with oll-chip comporents. Lles the g
Pragpharal” lior 1o palaid o e bk of Soeadalib paipraias

IF poors s ot ki B vkl e ol penipherals, chok e “Hest'” butfon,

Luld Paipfenal |

Panpheras

 Other peripherals can be
added at this point, such as a
timer counter.

e Click Next to continue to the
next step
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System Summary

Bk o i puinrep 5l Lha o wou his craslind. Plassi sy e nloination baios ||
i i powecl, bk <ensatel b snles the mfoamshon rlo the WPS dabs base snd pererste the
sl e Dby mios Pt K He DIEsaoUr: pages Lo Mk Coneci.

Proc o Mookl

l.llrrrh-'rl'rll-n-' F h'H

[ by irdasince DedDinag B Dty Modds
dn Elﬂﬂh’ldlr ELEB

Thes schbiact i bl bdres beien padcinabealy azodmd Voo G el p Lhain
wiing e el Fegimas ol ¥F5

DFE Bus . OFE VA0 |ecl. neme ml opl  ANached Conponsnis: |

Lote M rastanne M s B ddc Hagh i

ooty ks |debug rmodde  ROOH000 | CMOOO00FF

oply_usiies (RsxE )0 ) AN FF

LHlR S LHE_VI0 lesl. name ilwh  Albsrked Componenls: |
sarce Hame  Boe ddor Pagh Adce

Hﬁ_l:t.h'n_l_lh'd iﬁ_l'h'l.l D000 II000FFFF

ILHE Busz: LHE VI0 |eel. name dinh  Alached Comporsents |

Lo e Fatane Mo B Add Hegh S0k

b bram #_crik | dimb_cnth AN (ENOCFFFF

cfack [ Garmss | Cacn |
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* The system has been created
and Is ready to be generated

e Review the detalils of the
system and backup If
necessary to make changes

e (Click the Generate button to
create the data files for XPS




Base System Builder
Finished

Congratulations!

e The Base System Builder
| Wizard in XPS has completed

Rk * The data files for XPS have

Chick Hhes ' Fanish™ buaton ko cordiras onin 5P o

| s been generated such that the
B system will be contained in an

Pyt 1 sy e XPS pI’OjeCt

e (Click the Finish button to exit
the wizard & return to XPS

chack [ Frah |
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Generating Hardware NetList

MEIE

a5 Aibnu 3% - L meicroblare system'. - [syskempk=d]

Hﬂmmrﬂmfﬂimw _E[
ST LI et MICCEE TN YT i SE|eCtthe TOOlS
G B DB setEopmse G b x (0 |[w (DU NOoNOA|E

Géivir i BEP [or Feibonks men u
Dptions | Compuarents | Emumﬂ
= Gefe e GBSt _— - == = =

= || IS * Select the Generate

‘afnen youp ook om s b 0

v Salict s ertam buz

e ||| - Netlist submenu
Expost bo Prokier ' - ﬂ

T‘mﬂlﬁmk gurmm | ﬂ I = .
Tt = e Wait for the
e | EE T S generation to

i complete

ﬂ Lousdire Fiopsct Fils : =]
Flesding MHE hls Cimamoblees_ssbengpshern mh
Dione. Found 2 coies
Rinsclirng M55 B osibiin mid
Dipns
Flmading MY Als peplan e

Lipne=
<]
_Dupu | warnge | Evars |

R Plalgan and 55T ba gerasabe Bha naetial [3.462]
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Generating Hardware Bitstream

=18 |

#f Fla Edt Ve Promct

Togks Optiom Add Windom Hap

o FEreT e | e B b . il & =
g & £ e HEeEAHLE EBd=-®RB80
W Ecr B0 B Geboganses R e OB | W I e O F SO~ 0OA E
Gererate B2 for Kx'werks
Dgbora | Corporenis Swls  Gererate boti
Figdl Dick. bk Dplics an e — .,
Sk B P Doribasd
bawri_biech ean
71 b b i (1]
=) wacrphiaza 01 S e e AN
Dot Pepbeisl  Handesee Sanulstion
Hods EXECLTE
5TOM -
STO0UT Sl Debirgged | .EE
Lirkii 5 e shel
e
Expeodt ip Frofiss ﬂ ﬂ
ol =
5 oph_mdn_D [t Briom Py -
4 mb_taaemi_id
nb_%10_0
pph_ w3110 | 3
nb_¥10_1
Progaci Filar ) am_m — -
MHE Fleiatar ndis
HES Filer pyyimen mar |
WS Pl s iy |
1 b |:ill-ll.l-||-\l:-lh LI WFM I
ﬂ |.'.-"" BATCH CHD ; add svice -pasion 2 fis nplerentstondovwriosd b =
B0 e DT PR TR e o = ]
Chdprd |_'W-'-w_| Einma |
[ T T [0, -]

e Select the Tools
menu

e Select the
Generate
Bitstream
submenu

e Walt for the
bitstream
generation to
complete
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Adding Software Source Files

4 [ Vem | mopd Tods Opfione Add Windos fisks =18

'umnmm J# | [axxel [sd=aan :

BEED B3 BR LG x| x0T NoNOAlE ® Select Processor In
g Dot Dyrvann i

it i System tab

Sl Al =+ 7 s e Select the Tools menu

i h-h._bml _] Tavu YT

b gl ,ﬂf || ’ » Select the Add Program
g Sources submenu

» Navigate to the source

Wy J
o b e 1 o | | : :‘-‘Iﬁ
file and select it.

Imy_wi00
WS Filaiatom fiven
| i i

wl.-_*-{‘l'.l_.l exal

/| g

ﬂ|-’r' BATCH el | aekdircn pomiion 2 i rpletmeei sbory' dovrksdd bi —'|
Frmm HATIL MUl e =

O | Wurwrgs | En |
Ak .5 o b Pl b cxmmne gt e chdt e ofvl s b st maittinds Fleg [1i9, T1s]
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Setting Compile Options

Compiler Options - microblaze instance microblaze_0

Environment  Optimization | Direu:tu:uriesl Detailsl Dthersl

— Optimization Parameters

Dptimization Lewvel IND O ptirization j
Level 3 iz the most ophimized level.

[” Use Global Pointer Dptimization

[ Use Hardware Multiplier [only on Yitex 1]

— Debug Optionz %—

" Do not generate debug spmbals

¥ Create symbols for debugging [-g option}

" Create symbols for assembly [-gstabs option)

HOTE: If an optimization level iz set, and -g iz alzo zet, the
debug infarmation may not be carelated to zource code.

k. I Cancel Sy Help

» Select the Options menu

e Select the Compiler
Options submenu

e Set the optimization to
none

 Set the debug options to
create symbols for
debugging
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Setting Up Standard 1/O

— Mode

{* Executable " =mdStub

— Communication Peripheralz

STODIM Peripheral Iupb_uartlite_ﬂ
STDOUT Peripheral | e

Diebug Penipheral I

k. I Cancel Spply

Help |
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Select the System tab

Double click on the
microblaze 0

The dialog box illustrated
Is displayed

Select the opb_uartlite 0
for the STDIN and
STDOUT peripheral and
click the OK button




Assigning Drivers To Devices

Peripheral Options Ed |

— Penpheral Attnibutes
Peripheral opb_ethernet
Base Addresz 020000000
High Addresz  DwB0003fF

— Interrupt Handler Function
IP2ANTC,Iipt [

An Interrupt handler can be zpecified only if the pernpheral has a
port of twpe INTERRUPT and that port iz connected in MHS.

— Diriver Configuration

Device Diniver EMac =
Driver Werzian 100 -
Interface Lewvel 1 -
Connect bo 05 nOnE =

Fleaze wview the MDD file for any other parameters to override.

MDD Params Dietault ] 4 Canicel |
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Assigning a driver to a device
causes the driver to be compiled
Into the library & linked with the
application

Double click on the device in
the System tab of the XPS
project

The latest version of the driver is
displayed by default

Choose the appropriate
Interface Level of the driver




Setting Memory Options

X|
* Double click on the
processor instance in the

Y'ou can zpecify them in the linker file for doc.

Progam Start Address  [WEDDDN SyStem tab

Stack Size |¢2000

e — * Select the Details tab
Freprocessar Swip) |

ot * Change the program start

nker(w) | address or stack size

you would say -defspm SYMBOL=VALLIE ' o Add Other Optlons tO the
preprocessor, assembler,
or linker
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] I Cancel Apply Help |




Setting Library Options

reessarses | mwemen 1| ® DoOUDIe click on the

O ptirnization Directarnies I Dretailz Others

processor instance in the

[Give those compiler options which could not be specified

any other place on this dialog box. SyStem tab
e Select the Others tab

Give compiler flags bo be used by LibGen if you want to
override defaults.

S— » Add or change options for
oot the ek a1 Benet library compilation
Extra Compiler Flags |0 -00 _

 Add other options for
application compilation

k. I Cancel Spply Help
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Generating Libraries In XPS

pg Oline XP5 - O Watlew' MicroBlaze MDY, - [systen.phd ]

#{ File Edk Vew Project | Tools Ophiors Add Window Help =18 =] . o .
ODeuwe - DT, «ax==ad e AlLibrary containing the device
SO oL S P25 drivers and the startup code s
Generste hathst . . .
R A el built for an application to be
—_— linked against
e e [T 7 e The Library helps separate
: o gﬂ N L Board Support Package
ponos -l development from application
+- aph_timebase_wdi_0 =
D comumnn S development
fnand Dty ) | e Libraries will automatically be
o ‘ built if they don’t exist when the
RS . application is built
| L - ) | L PP
Al =
Dutpast | Woamings | Enors |

Ao Library Garerabar (ibgen) [, 514] [ = @
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Compiling The Software

#u Dy T - O mivrablare syskem - | ysbompbd |

AN L8 Vaw Prowc | s Ootions Add W bisk BLIE
NGHgE & Jominpm BERRLE [Ed<aam

W B0 D et VR RWE [ s |[O08 NONOAR

e gy e SeleCt the TOOlS menu

Optoni | Coponart Spie Genes aia bjeilc
} Tl i Bl it

=, [ e ” » Select the Compile
T — Program Sources
S j:ﬂj submenu

e R~ ] e Wait for the compile to

I
4= complete
ﬂ Cinvinain] b wjhn winl i | e el e e e el " Shatad T'l
Iﬂ:" cioblam (1'%

Duped | Wiy | e
Cierysie Sourcrs e s by rpate FLP o [
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Updating the Bitstream

t:up:amf }E&:’:tm B |d=aam s “* e« Select the Tools menu
- g ﬂﬂr&m;h;!mh ELRb ot in d09 w05 OA
S LI TT7 1 » Select the Update

FegiChhiy  wends Syumaich e i =

Wew el | | | g Bitstream submenu

e S T
i gt [  The hardware bitstream

Wil . - IS updated to contain
the contents of the
.r::ﬁ';'w g software elf file

[ame 4
T

|| ST ETETT, ot £ s, Froms
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Downloading The Hardware

eugs s e | aauxep secesn | Make sure that the

(@l Bh o :."f:‘:ﬂﬂwm J‘:F e Mib(x bt v 008 SONOAE board power iS on

Ophons | Cumperarty fycis  Garmrakn tint

st = = = = = and the parallel pod

\ipdate Bistaan

et m—" || 1 S= is connected
e Ml e Select the Tools

Lk S &M#
3. Bl "

; =
EsprtbnPrafiay - - - ' ﬂ menu

e
[ yveerohiag
i lieprer ] Froom PMresshi. .

Headan
+- ophi_medm_(1

ol — e Select the Download

:r:-' 114}'(71 -] 1 ryiem pbd
i — submenu

|
s | * Wait for the download
Wi tj to complete
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Running XMD

E:"-.,EDI(_E_I" bin',nt'xmd.exe ¢ S e | e Ct th e T O O | S

Rilinx Microprocessor Debug CHMDY Engine

#ilinx EDK 6.1.1 Build EDK_G.13 menu
Copyright <c> 1995-2802 ¥ilinx, Inc. A1l rights reserved.
A&MD: mbhconnect mdm

JTAG chain configuration ® Select the XMD
i ID Code IR Length Part Name
AaB@1893 H] System_ACE
BiB28@93 b XC2U1068 Su Omenu
Aszuming, Device MNo: 2 contains the MicroBlaze szystem
Connected to the JTAG MicroBlaze Debug Module (HMDM>

" aogps = 1]
B e L on e Type “mbconnect
No. o PC Hi Breakpoints : § "
No of Read Addw/Data Watchpoints : 1 mam” to connect
Mo of Write AddesData Watchpoints = 1

Inztruction Cache Support : off
Data Cache Support @ off XMD to the

Connected to MicroBlaze “mdm" target. id

a .
ﬁﬁﬁ:ting GDB zerver for “"mdm" target {id = @) at TCP port no 1234 MlcroBlaze

processor.
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Testing Memory

e Type “mrd 0x1000 2" to read 2
memory locations starting at
address 0x1000

e Type “mwr 0x1000

AMD: mrd Bx16808 2

xnnziﬁﬁgiaxiggggggggaﬁws OX12345678” to erte to

memory location 0x1000

o e Perform writes to location
0x1004 also

e Type “mrd x1000 2" to read 2
memory locations and verify
the values that were written
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Starting The GNU Debugger
(GDB)

eyilening - Sourie Windos
Bt Bn Wew onbrol Freferences Help

FNHFHNNF AAE81E mel| 5 @ & &

|I||.bl'|-||l-'l'l.l: "Fl |l.rl|.|l ': [ﬂl'lllﬂl':f "Fl I

: : t maini)
P e e Select the Tools menu

. ‘ e Select the Software
Debugger submenu

[Frogran ril g, Ok on fun o o star
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Target Selection & Download

=1 Target Selection B |

Target: IRethe,l'TCF' LMD

[

Hostniame: |I|:u:alh|:|5t

Part: 1234

37

IV Set breakpaoint at 'main’

IV Set breakpoint at ‘exit’

[~ et breakpaoint at |
[~ Display Download Dialog

™ Use xterm as inferior's ty

[+ More pkions

(8] 4 Cancel

Help

Implementing Processor Systems on Xilinx FPGASs Page 76 @

* |n GDB, select the
Run menu and
choose the Run
menu item

 \Wait for the Target
Selection dialog box
to be displayed

e Enter the data in the
dialog box and click
OK




Stepping in GDB

“~{system.c - Source Window !EIE
File Run View Control Preferences Help
FHUOYOPN B £ 88 O M-
|systen.c ~| |source ¥ |
1 int main(}
- 2 4
- 3 ctatic int count;
N
| 5 while (1)
b {
- Fi count++;
- 9 3
9
- 18 return 8;
- 11 3 L\\s

IF‘ngram stopped at line S
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e The debugger is
ready, the program
counteris at a
breakpoint at line 5 of
the source file

e Select the Control
menu

» Select the Step
submenu




Watching A Variable With GDB

~-1Watch Expressions
Wakch h

M=l E3

Hame Ualue

count 1

<

|

N I,

&Add \Wakch |

B

e Double click on the

variable count such that it
IS selected

Right click and select in
the submenu to Add
count to Watch

A dialog box is displayed
which contains the
variable count and it's
contents
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2 XILINX®

Creating a Simple
MicroBlaze System
with XPS

without Base System Builder Wizard

------------




Design Flow

 Design Entry with Xilinx Platform Studio
e (Generate system netlist with XPS
e Generate hardware bitstream with XPS

e Download and sanity check design with XPS and
XMD
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Start Xilinx Platform Studio

Frl T e L]
EL ey haress
W eyl B
58 Pty Barm

A e P o
S P P P
I o pat woe

B T T

= Vesiind

B b Pl e

L) ks T Bk
[ e i .01

B Hragine Costwl Paed | ] 7

! i el B

i,

: i
N | P B s Lk et ol Frdsins Cimol Pyes ) L RLY

@ cw=

Pl FY
Jud [

(o | A0 Y RIS GORE || Fe st | Gu | g |Floe (S | e NELEOM P T e
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Create A New Project

Create New Project

=]|

— Mew Project
The project file will be created in the current directorny if a path is not specified.

Project File II::'xmin:rn:ul:uIaze_s_l,lstem'\system.:-:mp Browse ...
Existing MHS tao I Browsze
Irmport [Optional)

— T arget Device
Architecture Device Size Fackage Speed Grade

| virtex2 R e IR e TR |v|

— Perpheral Repogitom Directony

[T Check thiz box if MHS uses peripherals other than those in EDE [}S
inztallation area and in ‘'myip’ directony in the project direchany.

I Browse ..

aFk. Cancel
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Select New Project from the
Tools menu

Enter all the project
Information

Click OK
on this dialog box.

Click Yes on the next dialog
box to start with an empty
MHS file




Adding New Cores

ps Ziline XP5 - Cymdcroblaze_systemn', - [systemphd]

W Fis Bt Yew | Project Tool Opkio Add Window Help =8 =

| D F el &P § 80dProgram Sources... o | |[REAXHERE (SR8 m

: e File | |

Il s mrnme <00 0w nosoae ® Selectthe

Emnym Froject
Dgzign Dief wok Drivers izl

Irnport MES.. .

G ysshem EGP s
entoll menu
MHS Fils 5,  Savwe MG

MSE Flesy  Sava Makalils
VS Flacgy

s e Select the
N T Add/Edit

| riphesnerd ation: =S
HOL: WL

Sarm Modsl BEHAVIORAL | . Cores
_onata_| submenu

ﬂ rigning defeull difvess b peiphernals EI
C:micsoblazn_peshem\spntemn ampFissding MHS s CSwmecoblass_spsiemopstem mhs
[ore. Fourd [ cores

Fiagafing M55 lis syl s
[
Freading WS Tl spslenn nivs
-

[iore

Clipt Ihfml Ermois J

fedd cores, buess, ports ko your system, Edit bus connechions, ports ared persmeters, [-m,1170]
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Adding Bus Structures

e Select the Bus Connections

e S Tab

e Select the
Imb_v10 v1 00 abus &
opb v20 v1 10 b bus and
click the Add button

e Selectthe

Imb_v10 v1 00 a bus and
click the Add button

Pergbeiah Bun Covmebomn | Pty | Farvntes |

Lk o nusses i malks v, s or mackm cheew (W 5. M5 comartions

Fighl cick:

bk | Cocal gy | k|
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Adding Basic Peripherals

Penpheisk | Bus Connectioes | Posts | Parameters |

|-I Cely vl it basck groseds cam be edied
ij Tu deleie pemlietab | Crasse oo o o e and chi Debele

Ferighead [Hewer  |mstance | Bewe Addes | Hgh bddeess
brrr_bock; 1.00.a =) bram_biock_0
Ik _brain if ergk | 100k :Inll brain_§_..  [EFFFFEFF | Oe00000000
Prcrobdars ol x| wecrtiaze 0
oph_mdn [100k =loph mdn 0 ooFEFRERE  Comono00on

bnb_brwn f etk | 1006 =|imb_bram F_.. GSFRERRFR  Co0ndon
e L £ s |

Themea o oz mces P s chl

e shilk o reultiple: seleciions)
Frioanes b et bedonss ained ook Baied.

T
T
|

o]
o "I H
T
- n
L -
=

i1
i 2

BRBREREARE
3‘;%.&'
&

e | [ [
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» Select the Peripherals
tab

e Select the bram_block,
Imb_bram_if cntlr,
microblaze, and
opb_mdm and click the
Add button.

e Select the
Imb_bram_if _cntlr and
click the Add button.




Change The Memory Map

Add"Edit Hardware PlatForm Specific alsons

Frsphostls |Hl.-n:|3nrm| Fostr | Fasmeter: |

T Clls with wite:
A To cheble paaphastale, chicds o oF moss 1o and chck Ddee

oy el NG

Peripheral
b _blosck

Ib_Ewan_i_ontdr

Tricr ol

opk_mdm
nb_bram_§F_ontl

Instancs
b i _bback_0

| Base Addrezs ragh fddress | M

roby_bearn_f_orle 0 | 000000000 (e0000FFRF | CleBi0

microblaze 0
ook _mdm_0

M FPPOEDD eFPRFECFF O

Imb_bram_f_onir_1 00000000 0e0000FFFF | OB

|

Choogs ome o mone 1P Juse cid
] et low rltiphe: Ssedictons|
From e kit badow and chek Add

bemm_Bock -
deor_indo 'l
ddr_cliock_miocile el
debeam_il_cndi

H_Reney

ekt _if_ ool

fagopc_ciil

Inky_Bwai @ crie
Iyl _i_ ek
micipkdane

apbZda_ndogs

npbZplh_berdge

opb_arbim

opb_stme

opb_bram_id_cnil

opk_ddr

opb_emc

aph_ et

aph_etheeelibe

apk_gpes |
apky_hde

ok

ok _ i

opl_lag_ual

apl_mdm

npk_memcon

opb_opb_le

[ 1]

cm:ul| amu.-| Help

Edit the Base
Address and High
Address for the
Imb_bram_if _cntlr
and opb_mdm
peripherals
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Setting Bus Masters & Slaves

Add/'Edit Hardware Platform Specific stions

Pesphersts  Bus Corrmcions | e | Parametess |

Lhe®, ar nasiet 1o make medher. daa o mathel-clevs 6. 5, B3| corrsciions.

Flight ciick on &y bus mstarce |column hesder) for & conlest mem
e
A vt
ky_bram_d_coh_0 dmb | 2
micioblaza_[) dimb
microblsze_ [ imis
micreblaze_0 dapb M *
microblaze 0 ioph
opib_redn_U sophe
inx_boaem_i_cevli_1 b

Chooes the BR&EM port bo conmsct 1o/ ths conbiollsr post
Give & naame o Hree connschion

it Pt
lmb_Bram_F_c..
lmb_Eram_F_c...

ERAM Port oo
bram_block 0 PORTA | conn_0
bram_bkock,_0PORTE *] conn_t

o]

Cancel | gpob | Hep

-

e Select the Bus
Connections
tab

e Set the masters
and slaves on
the buses by
clicking on the
boxes with an
's"and ‘M’
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Setting MicroBlaze Parameters

Fripremaiz | Buz Conmections | Poiy  Parasstais

E it Fararstees acigred 1o P lralance nMHS Chonm IF ratance In s ol o pearsiag

Themgs pussreshey by pall cosmpice dalmll WD gl [rricmitdaze j EﬂnPDFI‘_'m.:|
Paramstay vl deful vauss hom P,

Farameber Vil Choacie el o ridde |eiang shdl Snd o] ard chok add.

C_DEBLG_ R ED |

e = Wi
- vees oe e per ——

o
CE_LOd o
TR _[PREL T o
C_WUMBER OF PO BRK 1
C_MUMBER OF D AN, D
C_WUMBER _OF WR _AD... D
1
o
fers

i =

L C_INTERRLPT_IS EDGE O
1 = ETRE_p5_POSITIVE
C_PSL_LINES
sl | L_DATE_SITT
== LA HE

C_LLohy JCATHE T i
C_sDDR_TaG_HITS
C_CACHE BVTE_SIIE BLS2
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Select the Parameters
tab

Select microblaze 0 IP
Instance

Select the

C_DEBUG_ENABLED and
C_NUMBER_OF PC_BRK

parameters and click
the Add button

Edit the parameter
values




Setting MDM Parameters

Add"Edit Hardware PlatForm Specific alsons

Friphmias | Bus Connaction: | Foss  Faamelen:

E it Paiarmestens acsigned to 1P Irstance n MHS Chooies 1P Instancs o & kit ol pasmetsy

Thiese paameier values will cvemide defaul MPD values [ opb_mdm_0 ;| mﬂpppnml
Pasaneeties waith defaul vl from MPD
e [ ekt Chatrcei: t 0 oo [issing st and o] and chck Add
C_LEE_LERT
- Parameter Vb
iC_ME_DBG_PORTS |
C_USE_LBERT

C_UART_WIDTH 2

i -

o |

[ 1]

n:.r.:ul| gmu.-| Hei:-l
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e Select the
opb_mdm O IP
Instance

e Select the
C_USE_UART
parameter and
click the Add
button

 Edit the parameter

value




Setting LMB Parameters

o Select the Imb v10 0

S e IP instance
T hiat o el 1 s hags vl Svvi e el sl MPD) wiahatsi. Lmum MMMg.mﬂjFﬂ_ s POF Do
T ;“ﬁt:f'"”mml:ﬁ"m“ml e Select the
= C_EXT_RESET HIGH
] — = ~
. parameter and click the
5
= Add button
 Edit the parameter
value
e Repeat forImb v10 1
[or ] cowes | om | v |

IP Instance
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Setting OPB Parameters

Beipheisk | Bus Connectiors | Pots Parametens

il Pavsarstess asigresd o 1P | nslance n BHS Chiocas IP Instancs lor s st of peramastens,

e A i 0 ok 59 1wl | o Select the opb v20 0

Pararraters with defsull wah e from M
Ferameter ™ Chesoas o of mone |uineg shalt and chl] snd chek Add

S — | IP instance

LIsE LLIT R

: | e * Selectthe
N e C_EXT RESET HIGH
L1 e — parameter and click the
Add button

 Edit the parameter
value

[ox ] oo | som | Hwe |
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Connecting The Clock

Add Edit Hardwaire Platlfosm Specifecations

Pesgherals | Bus Cornections  Poits | Paameten |

ot folv fote Ep——YSm———— Fhe st e e Select the Ports tab

ports. Ulse fidd Fork bor ssdernal ports st resed b ba (THD o0 YOC | ﬂ
Thie "Fiangs™ cobun |or iediral pors = green s “TLEUET' o e g JOI0]] Lisi of Poris. 5eleci ons or
g ponits: g Chek Sd
7 L e Selectthe LBM CIk
Wh_vil 0 |MB_CK "y Ik Exterrd =] {:%:_';“:"ﬁ =l _
ogh_vii 0 |oPB_CK rry_ck Irguk  Esterrd =] Dieg_TOL G
e e o 1 d OPB_Clk port
[iog Feg En
r.l-g_l'.q'llr\.-_Fb an —_— Or S On
A#le F?L'E'E-! B
S the Imb v10 0
Dt TDL 7
D;_TLIIJ_? e _V _ y
[iog_Feg Er_T

L= . Imb_v10_0 and
opb v20 O IP

e era_l:l: P

i =

& SRR . :
W instances and click
e 4|l  the Add button
o | =
o | Cawe | ooy | Hee |
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Connecting The Reset

+ Select the SYS_Rst

Piodt S ignsl &sugnmenis Filley subshing oo welance
Ui ol aarad it e vk oo b ek e ok, Dot 1o Gt | ﬂ Oorts Of the
ports. s fdd Fost For edemesl poss Bt nesc 5o ke RO orVEL
This "Fage” colnn fof damal pedis b ghvar &z TUEUBT o & g. T3] List of Pz, Sieboc! o g
restane: Padt M Fist Westit Twpe | End Range | e
o100 |LMB_ck P e 'E-t-:mull T ) m 0 V].O O,
opb_w20_0 | GPELCE syz_ck g Extemal = — Ir.&.:_lr.%:-ﬁ - -
b owiD | LMok e gkt Estemsl =] cragd|| | Dbg TDO 10 1 d
b w100 | Y5 st kw100 5., [k Esteme =] I IF&F%:’?_‘E m 0 V y an
opbv200 | SWS Rt opt_¥20L0_35... Inpk  Cxbemsl =] A Port| | Db Updaie & - -
w10l |55 Rst b _e10_1_5... [nput  Extamsl =] ﬁ'?.&_"”r';
Dbg_TDO_7 Op D V
[bg Peg En T —_— —_—
o - -
: i instances and click
G| the Add button
e
£pls 20 0
0PFE_Ck
ST
ks 10,1
LME_CE -
VS Asl -
1 | =S
| oot |t | v |
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Connecting The Reset (2)

Adlil &L Hardware Plathanm Specilications L d Se | eCt th e

Parphersls | Bus Connections  Pofts | Pavaesten |

Pos Sigrl Assigrrmeri Fibet pubeving o instance |m O_V].O_O,

B
Ll sl ol v sl Dot il fiead sl ik i) eheide D il ] B e d
porls. U Add Pot o esteinal ports Sl piesed b be BND o WOD

The "Flange’ column foi sxtemal pats i gren 0 “LEUBT flor g [0 et st et ik ekt |m0 V]-O 11 and

Intarce | Port Mame Mot hame | Tvpe | Kind Peane |
Dibg_Llgstiste S :J

o jved s opb_v20 0 Instances

o =}
opb_vi 0 | OPE_CK w5 il Input  Extemral T
E ok E .
T | Db Feg En §
Y5 _R= Fys st ([, Esbemas E DIJ:I_':-!:".I'E'_'.I

satpen]| DET U on the left side and

Db TDL ¢
Dbg TOD_TF

Oba P! click the Connect

Dby Lt 7

. LT Lr“c“ button

s T * Enter sys rst for the
net name in the

«— || dialog box and click
le=l= =0 the OK button
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Completing the Add/Edit

e (Click the OK button to set all the items
changed in the Add/Edit Cores dialog box
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Adding A UartLite

Audd Bt Herdware PLstborm Specilic stk ® S e | e Ct th e P rOj e Ct

Peiphetedr | Bus Conneciions | Pots | Parsmeters |

Conlly maithy whle bsok grosanck oo be adiad
T chadin paripharak, chocis one o ross s and cick Delats mﬁLﬂ&l:lﬁ[mTl Illenu
Perphersl  tWw | Imbsnce | B dckiess |Figh Address i frors the bt below and cick Ak

01 Slve et r e B i“;‘:: “|| » Select the Add/Edit

miriblase 2004 :lm'll:h.'\-ll o
ppb_mein  |1.00h =|oph_mde 0 OcFFFRER00  OFFFRECFF 10 opl_hade

Em s e ooty ™ | [ Cores submenu
2 e Select the opb_uartlite
e | (3

TR

;:”“ and click Add

= e Edit the Base Address
A5y and High Address of

1 | asund MR the uartlite

[ ok | cacd | spok | Hee |
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Setting UartLite Parameters

E i Paratiny sty b P Hretanos = WHS Chixso I ity | o bl ol poarwisit
Tl s i o Bt wll covtiie- i BT sty [ =] Do FOF Do
Plag it i iy 0 il b i oo T
— |""'""" [hoooe era o e eong Tl e chl and chos e
LK _FRED) 2 OO
C_1eE_pamrTe g ] I_P':"'" e
; = 17=_300_onn
| C_Ped_DRLATE L
..l..j:ll '''''' ]
—— :
N# |
LE I Laeesl Appk L]
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e Select the Parameters
tab

e Selectthe C_CLK FREQ
and C_USE_PARITY

parameters and click the
Add button

 Edit the parameter values




Put UartLite On the OPB

Al Tk b dhini ¢ Plai e S if stinn

Prupherss D Corvaciors | P | Ewvamatas |

Clek e stpidiint b o raster, sk o isasber dhive (M, S, WY comrechorn.

Highl bk on sng i irabincs |cobumn hasdi] ot & conlid maru

Wit I_peil_[gsli) §
miciobiaza,_ [l d ] |
incvisldnin_( drh i

it ik 1 b ;
ope e,k d

Do e BRAM pior 0 carpoeot s el pos
{irvm & reami Iy T corraien

Okl Pont

BRaH Pt |cormuster |

it _brwm ..

b g r

tran_plch ) PORTA ] corm 0
tewn_beck 1 P0RTH 2] corr )

[

| o | mb | e |

e Select the Bus
Connections tab

e Click on the box to mark
the UartLite as a slave on
the OPB bus
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Connecting UartLite I/O

Adlil "EdE Hardwaare Plablanm Sl alions

Perphal | Bus Conmecions Fofs | Paramete | e Select the Ports tab

Po#t Signal Azpgrmenis Filtai pabeiirg o nitsncs

poits. Lo Add Pot lor esternal ports Sl nesed bo be GHD o WOC -
The "Fange' coburnn for ssdemal posty i geeen s “JLEUBT o e g [ Ltk o Padte Ealaet o o4 L Select the RX and

e poits and Chok Aidd

It aree ot Madra [ rast hisimen Tope | el Dare - - r

= [EE 3| TXports of
e Dba 0k, 7 POItS O
Esternsl =] Dhg 1067 .
=3 EBE= opb_uartlite_0 and

=N v e click the Add button

s ||« Editthe net names
Covea] | L5 2 to be tx and rx for

fifgiid

i

ERE EREJERE
[ I | ]
Ly T Ly 1o
|- Wl =~

-

-

o=

o the opb_uartlite_0
y u i .7 | e Click OK on the
o | Caed | feok | Hen |

dialog box
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Adding A Timer

Al Edit Huar duesre Platiorm Speclfications

Feriphessh |B|.n:Dmrm:-ﬁcrn| Fots | Pacsmaters |
FRET | Cialls wath wihite bawck grownds can b adited

E-J=! To delate pvichaiakr, chons cne o mon rowe and cick Dalsle
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crolilana S0.a ;llnluHi.l.'r_.l

- 100 x|oph e 0 OJIVENG  |OFET D

bt Bes L. (1005 = |Wb_beaw §_.. CeDO0O0DO0  Ow0O00FFFF Dol

ppb wrlite (1005 = |oph umtiie (| | DFFFRSION | OoFFFFAIFF S I
ppb tmer 1000 = |oph brer 0 Ceo000000D [ENERGEE Dll

|

-
i
7
1
g

:
E

ig

SEREE
18553

HEE3

FTREIAtig

BARAEOEARaRACAERERERERER
E5E
g
¥E Ok

@;gﬁ%af;'

JRZERE
.i-_ﬁ_ i

iy I
i §
1
R

e
28

%!

Fs 9
g8
4

§
¥

uJE

l

{
i

Implementing Processor Systems on Xilinx FPGAs Page 101 M

Select the Project
menu

Select the Add/Edit
Cores submenu

Select the opb_timer
and click Add

Edit the Base Address
and High Address of
the timer




Setting Timer Parameters

Bl bl Hardware Patferm Specln sl

g

Praghassks | fus Connsctiors | Pods Pﬂﬂ!"l

Ec Peesmsiesy azrgnad o P indercs n HHS Chores P inst For b of

e S St = T e || o Select the Parameters

Pararestan vt del il wahist o WA

Porpmestns |iesis Chuaoss v o W it it ed o] s ook Add.
iC_ONE_TIMER,_OPLY ]
IP--'-b- Wl tab
CHNT_ 1D 2

C_OHE_TIMER _THLY L
C_TRE3) _&35ERT

<
= » Select the

C_GENL_ASSERT

2 | C_ONE_TIMER _ONLY
parameters and click the
Add button

 Edit the parameter value

[ o= ]| coe | o | He |

Implementing Processor Systems on Xilinx FPGAs Page 102 M




Put Timer On the OPB

wihl Bt Hardware MalForm Spedile al o ﬂl

Fuighati Bus Corneclion: | Fose | Paamste |

[ck or nquaiss b maskes masier, clyve o masis-glies (W 5, WG| conrachions (rascus ores o maws [uping shiand Col|
gt click: on sy buz mstanca |cobumn hasce) o & conled mans buca wred chck Ackd
FATA T A 3
s * Select the Bus
il b Lot Ot ¢ | | o B et i
S e g Connections tab

mauctilyze_ [ ki

Ot iy BRAM pocil b0 isondvaci b e Conbiclber phal.

K wnwe—wer— | o Click on the box to mark

mhmioie | o AR the Timer as a slave on
the OPB bhus

(o] oue | o | = |
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Adding an Interrupt
Controller

)

Al it Hardwesre Platiorms Speclfications

— » Select the Project

Ciells wakth sty bt grounly can b eedisd.

To debata: jerichaialr, chonm one o mone mows: and cick Disin m?:ﬁ'ﬁm.]ﬁ menu
Parpherdl  |MW¥er  |instance | Banm Addvess | High fddress Mn oo the et below are cick Ao
bram bieck  [100.8 = |bram black 0 | ﬂ?pll:h;:i-d-;\-e =] .
L., 1006 =|kmbh bram §# .., xd i = N e

e e CE  Select the Add/Edit

ppb w100 = |oph_mde 0 D TEOD0 L;r'rra:r_l ] W-E'M-'ﬂ'm

R el N Cores submenu

ool tieer  [1000 x|oph b 0 DeO0000000 | DwCOOOO0LFF el e

opb_inke 100 =|oph ntc 0 es0000o0o [ENERRCRGCN (e ek .
" » Select the opb_intc
ek —_—

e | [ 2y 5 and click Add

{"’ e Edit the Base Address
s B and High Address of
- the Intc

L_oc | com | aoww | oo |
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Put Intc On the OPB

x|

Paichersli Bt Corneciion: | Foss | Parameles |
Chek. o sqpudit o mike master, thive of master-alies (M, 5, BS] coradions. Chastrod or or roes |uireg shltand Chll
Fight click. on ang bus nstenca [oohumn basda] ior & conlicd marw burar and dick. Ackd

0 n

] B e vyl [

By e Select the Bus
Imb 1 8 &

by_baam_i_crib O sivks T : i .
s sl Connections tab
S oa | | o e 5 st vt oo ke

- K G Tt [ | e Click on the box to mark

berk_lbewm_F .z, | bea_biock_0PORTA = cone_D
Irody_bar__crdl_1 i § b lbean_f ... |bean_biock 0 PORTE =] cone_i

S ATSBE the Intc as a slave on the

ook bmeee_(0 vaph

mbe 1 OPB hus

|nr;|rm|gm.-|'|_
i
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Connect Intc to MicroBlaze

Add 'Edit Hardware Platform Specifications

Puiphesals | But Connections  Pots | Parameters |

Pt Sigrial Assigements

& Ll el ared shd® for rradiple: i sebections: el chek Conemct 1o conrect
poits. Uas Sdd Poil lon ssleanal porks that need So ks GHID o VO,
The “Hange” column lor extemal ports is gven as “[LB:UBJ [for e.g JR3T

Instare Port Mame
opb_usiik... |RX
oph_ustik... | T
mb_vw10_0 |57 A=t
mb_vio_0  |LM8_Ck
opb_vzo 0 |oFe_ok
opb_vz0 D |5vS_Rst
imb_vID_l |5¥s_Rst
bty w001 LMa_ck
microbdaza 0

opbne: 0 [T

HIE

MetName  |Poa... |Scope  |Rangs |Clas
X N Extemal =
s ST Extemal 7
eys rst 1] Extrmsl ﬂ
svs_chk 1M Eskemsl ﬂ C1E
sus ok b1 Estemal ﬂ ClE
sys_rst M Extemal =]
sy _rst W Esteral =
fy5_ck 1K

MW Esteral =
-

b
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Port Connections - Inke

Met name to uze

x|

ile

Iintn:_u:uutput

"Make Selected Portz

Leawve Met name blank for chanaging
anly the “lntemal’ or "Extemal' fisld

o]

Cancel

+

Filler subsining of instance

=l
Lisl ol Foils. Select ore ol
mioes ports snad Chick didd

=
T 3

opb_brwer [
OPa_0k
I
Figeze
Laphuig | ngll
CaphaeTngl
Gensatelugl
Gensatelur
Pyl

opb e 0
LIFE Lk

Wit_=10_0
Likaa_Ck
SYS_Risl

opb_va0_0
OFE_Ck

Xl

=

Canced |

L

Select Ports tab

Add Interrupt input
of MicroBlaze and
Irg output of Intc

Highlight both of
these and press
Connect

Name the net,
select Internal,
and press OK




Connect Intcto M

Add/Edit Hardware Platform Specifications

Peripherals I Buz Connections  Ports | Parameters I

— Port Signal Azzignments.
Usze chil and zhift for multiple row selections and click Connect to connect
ports. Usze Add Port for esternal ports that need to be GHD or WYCC.
| The "Range' column far external portz iz given az "[LE:UBT" [for .. [0:31]]

Filter zubztring or instance

IcCroBlaze

x|

Ligt of Portz. Select one or
more ports and Click Add

=

Instance Fork Mame Met MName | Pala. .. | Scope | Range | Clas
opb_uarklit... [R¥ ri I External | ?;}j -]
opb_uartlit, .. |Tx ki outT |External @] | e
Imb_10_0 SY¥S_Rsk sys_tsk 1M External LI << Add | ngﬁgmgfmu
Imb_»10_0 LME_Clk svs_clk 1M External ;I LK Interapt
opb_v20_0 | OPE_Clk sys_clk IM External ;I CLE  Add F'mtl Freeze
CaptureTrigh
opb_w20_0 SYS_Rsk sys_rsk I External ;I CaptureT rig]
Irnb_w10_1 SYS_Rst sys_rsk I External LI generategut_lﬂ
1t 18
Imb_w10_1 LME_Clk sws_cllk Ir External ;I CLE Pﬂ;rg =
microblaze_0 imkc_oukput m;l- ;0 |
; : P — — opb_inte_0
opb_intc_0 imkc_oukpuk m;l- IMTH Del | OFE_Clk
Irtr
Irq
Imb_~10_0
LkAB_Clk
S5 _Rast
opb_w»20 0
OFB_Clk
S%'S_Rat
Imb_+10_1
LME_Clk _|;|
| | 3 4 | 5
)4 | Cancel I Apply | Help l
T
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Connect Timer to Intc

Add £t Hardware Mlatform Specifications
Pariphersls | Bus Cornactions  Ports |F'-:rm|
Foil Signal Assigrimants | Fillm1 subcsiyireg of intancs
Ltes il snd it o rdaple mow pelschors: snd chok Connadl 1o connec | j
porls., Lluﬁ.l:HF'utFmﬂmtdmlhdr!uudlu ba GHD o VT
The “Farge™ oolumn o extemal ports & gven 25 “IUE:UBT (for 2.g J03 ]| Lt ol Bogs Sebicd o o
Frasin pite arell Lhik, Sad
Instance [ Heat Fygme |Fda SCops Il.mqe|l:|-u
oph_ustde .. R e m External = | ;'::: B
oph_usrtk... |Ta b BN Fiens [
b_vl0_0  |5vS_pat sys_rst N Exterd 7] uﬁddl orh Smer 0
bb_l0_0 |LMB_CK #r3_ch W Externsl =] T Inkemapt
I Exctarnal Fiaess
epb_vI0_0 | CPE_Oh #yé_e N el =] Q. Add Pt BB
opb_s20.0  |5¥3_Ast sl M Exteral =] CopiuaTrg]
Inb_l0_L  |5vS_Rst mys_rst ™ External =] Eenﬁ-ﬁegm_:l
b _v10_L  |LME_Ck oys_ck M Extermal =] (a4 B
microblaze O | INTERRUFT inke_output i Intemal =] TTE 'J'LI”' "u‘""' S
aph s
opb_intr_0 our  Ireemal =] wit gtk
= [ hg Ink
cpb_timer_0_ ., | Gl 1 i SHEERE HETERE
Port Connections - Inke x| fonract "'Ihp"__: [:_E'
S5 _Rsl
Met name to uze e e -
Itimer_int apgﬁjhj
S5 _HRst
— Make Selected Ports T s s —
B Ish_w10 1
" Esternal  © dntemnat Liig_Ch B
i i | i

x|

Leawve Met name blank for chanaging
anly the “lntemal” or "External” field.

]
i

o]

Cancel |
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Select Ports tab

Add Interrupt
output of Timer
and Intr input of
Intc

Highlight both of
these and press
Connect

Name the net,
select Internal,
and press O



Connect Timer to Intc

Add/Edit Hardware Platform Specifications |

Peripherals I Bus Connections  Portz | Parameters I

— Part Sighal Azzignments. Filter zubstring or instance
Uze ctril and zhift far multiple rawe zelections and click Connect to connect ;I
ports. Uze Add Paort for external ports that need to be GHD or WCC.
| The "Range’’ column for external ports is given as “[LB:LB]" [far e.g. [0:31]] List of Parts. Select ane ar
more ports and Click Add
Instance Port Mame Met Mame | Pola. .. | Scope | Range | Clas
opb_uartlit, .. [Rx r I External ;I ?ﬁi ;I
opb_uarklit, .. | T= bz ouT External ;I """"""""""""""""""""
Imb_+10_0 S¥S_Rsk sws_rak Ir External LI <4 Add | Dplz'ljﬁngrIED
Imb_+10_0 LME_Clk sys_clk I External ;I CLE Interpt
opb_w20_0 OPEB_Clk sys_clk I External ;I CLE  Add F'n:.rtl Freeze )
CaptureTrigh
opb_w20_0 | 5¥5_Rsk sys_rst I External ;I CaptureTrigl
Imb_w10_1 SYS_Rst sys_rsk M External ;I generategm_‘ﬂ
Imb_wif_ 1 |LME_Clk sys_rlk M External = | CLK ﬂ;ﬁte ut
microblaze_0 | INTERRUPT inkc_oukpuk M Internal ;I INTE |77
opb_intc_0

opb_intc_0 Irq inkc_oukpuk auT Internal LI IMTE Dl OPE Ok
=1 _
Nl rerupt tmernt  Jout internal Rl i B U ——

Irb_»10_0
LME_Clk
STS_Rast

opb_w20_0
OPE_Clk
Sv'S_Fat

Inb_»10_1

LME_Clk _|;|
1] | -+ 1] | r

OF. | Cancel | Lpply | Helg l
T
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2 XILINX®

Software
Development with
the EDK and XPS




EDK System Design

Comprehensive Tool Chain

Standard Embedded SW Standard FPGA HW
Development Flow Development Flow

C/C++ Code 1 VHDL/Verilog
(00 I 01 A “ul 111101
Compiler/Linker Synthesizer
0 SHE R TS TS T
(Simulator) Simulator
0 T I 0 1 |
Object Code Place & Route
M \ . ‘H H\ k Bitstream
i \H il
Hm | Download to FPGA
Download to Board & FPGA T
Il W‘I’
D b ey
€ ugger RINGS- Boald Support Package ChlpSCOpe TOOIS

* .- o 4
= &1 XILINX
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Building Software in XPS

e XPS s an Integrated Development Environment
(IDE) similar to other products with the primary
difference being it allows the user to build
hardware and software.

e The GNU tools (compiler, linker, etc.) including
GDB are used by XPS for software development.

 The GNU tools are not native Windows tools such
that they execute within a Xygwin (Xilinx Cygwin)
environment.
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XPS Project Directory
Structure

A project within XPS Is a directory that contains
multiple subdirectories.

* The code subdirectory is created by the user and
contains application source code.

e The include files, drivers, and libraries are located
In a directory based on the instance name of the
microprocessor in the project.
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XPS Example Project
Directory
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Library Generation

o XPS compiles device drivers and C run-time CRT
Into a single library that is then linked with a user
application program.

 Libgen is the tool executed from within XPS or
from a command line, that copies the library
source files and device driver source files to the
project directory to build the library.

Implementing Processor Systems on Xilinx FPGAs Page 115 w




Command Line Builds

e XPS generates a single make file, system.make,
that can be used to build the hardware or software
from the command line of a Xygwin window.

e This make file could be used to create a build
environment for software development groups that
build from the command line.
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Xilinx Microprocessor
Debugger (XMD)

* Interfaces GDB to a “target”
e Supports script interface for built-in commands

 Allows debug with or without a ROM monitor
— MDM target for true JTAG
— UART target for ROM monitor (xmd-stub)
— SIM target for instruction set simulator
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Microprocessor Debug
Module (MDM)

e JTAG debug using BSCAN

 Software non-intrusive debugging

» Read/Write access to internal registers

 Access to all addressable memory

e Hardware single-stepping

e Hardware breakpoints - configurable (max 16)

e Hardware read/write address/data watchpoints
— configurable (max 8)
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Device Drivers for FPGA
Designs

e Hardware is parameterizable
— Capabilities and features may change every build

 FPGA space is limited
— User needs flexible driver architecture
— Internal memory solution as well as external memory solution

e Processor may change
— Portability of driver is key
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Device Driver Goals

e Portability/Reusability

— Drivers are to be portable across many different
RTOSs, microprocessors, and toolsets

— Minimize development effort
e Qut-of-the-box solution for customers
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Driver Design
Considerations

Programming Languages

e Assembly Language
— Minimized to allow maximum portability between microprocessors

— Only boot code, which executes prior to the C/C++ runtime system, is
typically necessary to be assembly language

— Located in separate source files to help isolate it, as opposed to in-line
assembly language in the C source code

e C Programming Language
— The C programming language is the most utilized language for embedded
systems

— In order to support the largest number of customers, the first
implementation utilizes the C programming language
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Driver Design
Considerations

* QObject Oriented Design

— Emphasize data abstraction, data hiding, and encapsulation in
addition to greater potential for code reuse and ease of
maintenance

— Provides an easier transition from non-object oriented
languages such as C to more object oriented languages such
as C++ and Java

e Delivery Format

— Delivered to customers in source code format, allowing it to be
built and optimized for a wide range of microprocessors using
customer selected tools
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Device Driver Architecture

e Component based object
oriented design implemented
In ANSI C

A device driver supports
multiple instances of a device

 Layered device driver
architecture to allow user
selectable features and size

Implementing Processor Systems on Xilinx FPGAs Page 124 w




Device Driver Architecture
(continued)

e Source code is provided
e Layer 0 and Layer 1 are OS-independent
 Device drivers in all layers have common characteristics

 Primitive data types for portability (Xuint8, Xuint16,
Xuint32, etc.), in xbasic_types.h

e |solation of I/O accesses for portability (Xlo_In8(),
Xlo_Out8(), etc.), in xio.h

» Coding and documentation conventions
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Layer O, Low Level Drivers

* |nterface contained in <driver>_|.h file

* Designed for a small system, typically for internal memory
of an FPGA.

e Small memory footprint

 No error checking performed

e Supports primary device features only, not comprehensive
 Polled I/O, blocking functions
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Layer 1, High Level Drivers

e |nterface contained in <driver>.h file

 Designed to allow a developer to utilize all features of a
device

 Larger memory footprint
e Robust error checking such as asserting input arguments
 Supports configuration parameters in <driver>_g.c
e Interrupt driven 1/O, non-blocking functions
— Interrupt service routines are provided
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Layer 2 Drivers,
RTOS Adapters

* Interface contained in <driver>_adapter.h file.

e Converts the Layer 1 device driver interface to an
Interface that matches the device driver scheme of the
RTOS.

 Contains calls specific to the RTOS

e Can use RTOS features such as memory management,
threading, inter-task communication, etc.
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RTOS Independent
Device Drivers

e Driver

— Responsible for interfacing to the device (peripheral).
t encapsulates communication to the device

— Designed to be portable across processor
architectures and operating systems

e Adapter
— Integrates the driver into an operating system

— Satisfies the "plug-in" requirements of the operating
system

- Needs to be rewritten foreach:0S mmm—" {1
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RTOS Support

e Xilinx supports VxWorks 5.4/5.5 for PowerPC in-house

 3rd party support includes MontaVista Linux (PPC), ATI
Nucleus, uCos, ucLinux

e \V/XWorks integration:
— All device drivers can be used directly by the application

— Some device drivers tightly integrated into VxWorks
» UARTS to standard and file I/O
* Ethernet to network stack (Enhanced Network Driver)
* Interrupt controller
o System ACE into VxWorks filesystem interface

e Automatic Tornado BSP generation using EDK
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Naming Conventions

e A common name is used for all external identifiers of the
device driver
— <driver_name>_FunctionName();
— <driver_name>_ DataType;

* A common name is used for all source files of the device
driver for ease of use
— <driver_name>_|.h low level driver interface definition
— <driver_name>.h high level driver interface definition
— <driver_name>.c primary source file
— <driver_name> _g.c configuration table source file
— <driver_name>_intr.c Interrupt processing source file
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Multiple Instance Detalls

* Multiple instances of a single device (such as an Ethernet
MAC) typically exist in a system

» Asingle device driver handles all instances of the device

* Alayer 1 device driver uses a data type that is passed as
the first argument to each function of the driver. The data
type contains information about each device instance
such as the base address

Implementing Processor Systems on Xilinx FPGAs Page 132 w




Example Layer O Device
Driver API

Each function of Layer 0 uses the base address of the
device as the first argument

No state information Is kept by the driver and the user

must manage multiple instances of the device

void XEmac_mSetControlReg(Xuint32 BaseAddress, Xuint32 Mask)
void XEmac_SendFrame(Xuint32 BaseAddress, Xuint8 *FramePtr, int Size)
Int XEmac_RecvFrame(Xuint32 BaseAddress, Xuint8 *FramePtr)

Implementing Processor Systems on Xilinx FPGAs Page 133 w




Example Layer 1 Device
Driver API

e Each function of Layer 1 uses an instance pointer as

the first argument
e XStatus XEmac_Initialize(XEmac *InstancePtr, Xuint16 Deviceld)
e XStatus XEmac_Start(XEmac *InstancePtr)
o XStatus XEmac_Stop(XEmac *InstancePtr)
» void XEmac_Reset(XEmac *InstancePtr)
e XStatus XEmac_SelfTest(XEmac *InstancePtr)
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Example Layer 1 Device Driver
APl For FIFO Interrupt Support

XStatus XEmac_FifoSend(XEmac *InstancePtr, Xuint8 *BufPtr, Xuint32
ByteCount);

XStatus XEmac_FifoRecv(XEmac *InstancePtr, Xuint8 *BufPtr, Xuint32
*ByteCountPtr);

void XEmac_SetFifoRecvHandler(XEmac *InstancePtr, void *CallBackRef,
XEmac_FifoHandler FuncPtr);

void XEmac_SetFifoSendHandler(XEmac *InstancePtr, void *CallBackRef,
XEmac_FifoHandler FuncPtr);

void XEmac_IntrHandlerFifo(void *InstancePtr);  /* interrupt handler */
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Device Driver & System
Configuration

e Xparameters.h contains important system parameters
used by the drivers & the BSP

e Parameters for each device may include a device ID, a
base address, an interrupt identifier, and any device
unigue parameters

* This file is the best place to start when trying to
understand a system

 Libgen automatically generates xparameters.h
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Example xparameters.h File

* The following example Is for a system that has an
Ethernet MAC device at address 0x60000000. The name
of the hardware instance is opb_ethernet.

#define XPAR_ XEMAC_NUM_INSTANCES 1

#define XPAR_OPB_ETHERNET BASEADDR 0x60000000
#define XPAR_OPB_ETHERNET HIGHADDR 0x60003FFF
#define XPAR_OPB_ETHERNET DEVICE ID 0

#define XPAR_OPB_ETHERNET ERR COUNT EXIST 1
#define XPAR_OPB_ETHERNET DMA PRESENT 3
#define XPAR_OPB_ETHERNET MIl_EXIST 1
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Device Driver Configuration
Specifics

Constants describing each device instance are contained in
Xparameters.h

These constants are also inserted into a configuration table for
each device driver contained in the <driver_name> g.c

The device driver looks up information for the specific instance
of the device when it is initialized

The data type definition for the configuration data is contained
In the <driver_name>.h file

Libgen generates the <driver_name>_g.c file for each device
driver
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Device Driver Configuration
Example

e typedef struct

{
Xuintl16 Deviceld;
Xuint32 BaseAddress;
Xboolean HasCounters;
Xuint8 IplfDmaConfig;
Xboolean HasMii;

} XEmac_Config;

e XEmac_Config XEmac_ConfigTable[] =

{

{
XPAR_OPB_ETHERNET DEVICE_ID,

XPAR_OPB_ETHERNET BASEADDR,
XPAR_OPB_ETHERNET ERR_COUNT EXIST,
XPAR_OPB_ETHERNET DMA PRESENT,

XPAR_OPB_ETHERNET MIl_EXIST @
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Interrupt Processing

Layer 1 device drivers provide interrupt driven 1/O
The device driver provides an interrupt handler that must be

connected to the interrupt source

by the application

The device driver interrupt handler performs device specific
details such as register reads & writes and calls a user

specified handler (or callback) to

The user application must setup t
called by the device driver interru

nrocess events and data

ne application callback to be
0t handler

The application callback can perform processing in an
Interrupt context or signal non-interrupt driven processing to

perform the processing
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Interrupt Processing Example

* When using MicroBlaze, XPS automatically connects the interrupt controller
In the system to the exception vector of the processor so that the interrupt
controller’s interrupt handler gets called when an interrupt occurs

* The following code illustrates setting an application callback for the Ethernet
MAC device driver, connecting the Ethernet MAC device driver interrupt
handler to the interrupt controller, and enabling the MicroBlaze interrupts

XEmac_SetFifoSendHandler(InstancePtr, InstancePtr, SendHandler);
XEmac_SetFifoRecvHandler(InstancePtr, InstancePtr, RecvHandler);

Xlntc_Connect(&InterruptController,
XPAR_OPB _INTC _OPB_ETHERNET IP2INTC_IRPT_INTR,
(XInterruptHandler)XEmac_IntrHandlerFifo, InstancePtr);

microblaze_enable_interrupts();
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Error Processing

Device driver functions which detect errors return a data type
of XStatus to indicate the detailed error condition

The error detalls are contained in xstatus.h

Device driver functions use asserts to indicate errors during
runtime.

Errors detected during interrupt processing are returned to the
application via an asynchronous callback function.
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Assert Detalls

Device drivers use Assert to validate input arguments
The default is for asserts to be used by device drivers

Asserts can be disabled when the libraries are generated by
using the -DNDEBUG symbol

The default behavior of Assert is to loop forever after calling a
user defined function if defined

The user can setup a function to be called when an assert is
called.

void XAssertSetCallback(XAssertCallback Routine);
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Device Drivers In The EDK
Install Dlrectory
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Writing An Application To Use A
Device Driver

 Always start with an example provided in the device driver
directory of the EDK install to save time

* Choose the example best fits your application, such as polled,
Interrupts, or DMA, and copy code snippets from the example
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