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Stellaris® One-Day Workshop

Introduction
Welcome to the Texas Instruments Stellaris one-day workshop. This workshop has been
segmented in order for it to be presented in a variety of formats: lunch and learn style, half day
and full day.
If you are attending the lunch and learn format, this introductory presentation will be presented.

If you are attending a half-day format, you will also have the chance to get hands-on with Code
Composer Studio, and the LM3S3748 and LM3S8962 evaluation Kits.

If you are attending the full-day presentation, your afternoon will be a series of in-depth
presentations and labs covering the USB, CAN and Ethernet peripherals.

Whichever format that you’re here for, welcome to the class ... let’s get started!

Objectives
o Stellaris Microcontrollers Overview
o Stellaris Key Advantages
e Evaluation and Reference Design Kits
e Development Tools and Software Support
e Product Demonstrations

e Summary
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Tl Microcontroller Portfolio

Tl Microcontroller Portfolio

I Microcontroll ers (MCUs) ” ARMP-Based Processors ” Digital Signal Processors (DSPs)
C2000™ itara™ C6000™
Ao Stellaris® Sitara L ™ e
MSP430™ Delfino ARNE Cortexmnia || ARMECortex™-A8 DaVinci C6000 C5000
Piccolo™ @ AR video processors
OMAP™ 24,000
Up to 40MHz to Up to 300MHz to  |300MHz to >1Ghz MMACS Up to 300 MHz
25 MHz 300 MHz 100 MHz >1GHz +Accelerator +Accelerator
Flsh Flash, RAM Flash Cache, Cache Cache Up to 320KB RAM
1KBto256 KB || 16KBto512KB || 8KB to 256 KB RAM, ROM RAM, ROM RAM, ROM Up to 128KB ROM
Analog1/0,ADC || PWM, ADC, ULz 1ElE USB, CAN, USB, ENET, SRIO, EMAC USB, ADC
LCD, USB, RF CAN, SPI, I12C “QAD%’fF”,WMCﬁ,Ni PCle, EMAC PCle, SATA, SPI DMA, PCle McBSP, SPI, 12C
Measurment, Motor Oontrol, || Connedtvity,Security, || Industral compuing || FioaingFiedpoint || Telecomtest& meas Audio,Vdce
Sensing, General . Digital Power, Motion Control, HV; POS& portable Video, Audio, Voice, media gateways, § . §
Purpose Lighting, Ren. Enrgy | industrial Automation datateminds Seaurity, Conferencing base stations Medicdl, Biometrics
$0.25 t0 $9.00 $150 t0 $20 00 $1.00 to $8.00 $500to $20.00 $5.00 to $200.00 $40 t0 $200.00 $3.00 t0 $10.00
g HisE ly HEiei= % % s
= ool I
N L | ) ) e

Software & Dev. Tools
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Stellaris ARM® Cortex™- M3 Overview

Stellaris ARM® Cortex™- M3 Overview

What Is The ARM® Cortex ™-M3?

The ARM Cortex family is comprised of three series
+ ARM Cortex-A Series
« Applications processors for complex OS and user applications.
+ Supports the ARM, Thumb and Thumb-2 instruction sets.
+ ARM Cortex-R Series
+ Embedded processors for real-time systems.
« Supports the ARM, Thumb, and Thumb-2 instruction sets

+ ARM Cortex-M Series Texas
Instruments
« Deeply embedded processors is the lead
+  Optimized for cost sensitive applications. partner for
ARM Cortex

+ Supports the Thumb-2 instruction set only A8 R4. and

M3
Note:
¢« ARM Code 32-bit
¢ Thumb Code 16-bit
¢ Thumb-2 Code mostly 16-bit & some 32-bit (25% Faster, 26% Smaller)

Intelligent Processors by ARM"
For more information on the ARM Cortex-M3, see:

The Definitive Guide to the ARM Cortex-M3 by Joseph Yiu
ISBN: 978-0-7506-8534-4 Benefits ...

ARM® Cortex ™-M3 Benefits

Cortex™-M3 Benefits

¢ Capabilities beyond ARM7 for the MCU market:
+ No Assembly Required

+ Cortex-M3 requires approximately Y2 the flash of ARM7
implementations

« 2-4 times faster on MCU control applications

+ Raw interrupt performance: we're 85% faster

+ PID (process control) main loop: we're 217% faster

+ Multiply-intensive code: we're 294% faster d e

+ Divide-intensive code: we're 726% faster g = B
== -
[: | Pl lE] E

ARMZTOMI ARM Cortex-M3 d = = B

Architecture ARMv4T (von Neumann ARMVT-M (Harvard) g [ o m

ISA Support Thumb / ARM Thumb / Thumb-2 o I ID]

Pipeline 3-stage 3-stage + branch speculation T TETET s

Interrupts Fla/IRQ NI +1 to 240 physical interrupts

Interrupt Latency 24 -42 cycles 12 cycles
Inter-Interrupt Latency 24 cycles 6 cycles
Sleep Modes Mone Integrated
Memory Protection Mone 8 region MPU

0.85 DMIPSIMHzZ (ARM)

Dhrystene 0.74 DMIPS/MHz (Thurmb)

1.25 DMIPSIMHz

Source: http:/iv ww.arm.com/p roducts/CPUs/ARM _Co rtex-M3.htm|

No ASM Required ...
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Stellaris ARM® Cortex™- M3 Overview

No Assembly Required

No Assembly Required

¢ Cortex-M3 has complete hardware support for
interrupts
+ Interrupt Service Routines (ISRs) are written in C/C++

+ Interrupt setup is easily done in C/C++
« C/C++ array which contains the vectors (pointers to the C/C++
functions)
«+ Pointer to the stack (a C/C++ array)

¢ No boot code ASM, no system configuration ASM

+ ARMY7 compilers normally come with an ASM boot routine (in
object form) that does the setup. |

+ For Cortex-M3, no boot routine is needed

«+ Cortex-M3 hardware loads the stack pointer from memory and the
initial PC from memory and enters as a normal C function.

+ User C/C++ code is all that is required.

¢ Entire software code base can be written in C/C++ C/C+ +

+ ISRs
+ RTOS
+ Application code

} First in ARM ...

First in ARM® Cortex™-M3 Microcontrollers

Stellaris®: First in ARM Cortex ™-M3
Microcontrollers

¢ Tl AEC Austin: Stellaris MCU Design, Systems, Software,
Product, and Applications Engineering

+ In May of 2009, Tl acquired (intact) Luminary Micro, Inc.
+ Luminary Micro was ARM'’s lead partner for Cortex-M3 architecture
+ Tl now offers four generations of Stellaris ARM Cortex-M3 MCUs

# Stellaris® family has over 160 microcontrollers

¢ Broad line card of mixed-signal microcontrollers focused on
applications in energy, security, and connectivity markets

Intelligent Processors by ARM
LR R N - mw LR
=Es= LI N N N - w = =& LE R R
= EE A F EREEPE v e w 5% SssdS
EE S ' FE TS E N T REER N - BEE BAREFFRE
FREESE® A SESEE® EFESEE - EF FEEEEE
I EE L EENEENIENLEN AR ERNERN) e w d AR REE
2.6 2 24 51 85 128 138 187

Stellaris | Stellaris Stellaris |
Sandstorm Class | Fury Class Tempest Class i

o) o & \ S\ y 5 > 5
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Stellaris ARM® Cortex™- M3 Overview

Roadmap

Stellaris Roadmap

« Cortex-M4 core with
single predsion FP

« Advanced analog

+ 1024KB Hash

* Advanced analog
« 512KBFlash

« Stellaris Cottex-M3
EMAC w/PHY A
CAN2.0A/B MACs « Higher

perfomance

Lowp ower
50MHZ +« ETH+CAN+USB ¢
128K Flash OoTG « Stellaris
64K SRAM External bus Small form factor Cortex-M3
Motion control enh cap ability L t * Integrated
USB DH/OTG wi 12S owpin coun 24GHZLPRF

4 Precision OS Expanded serial :
M i sior C =l
connectivity Radio

50MHz

64K Flash + Small formfador
8K SRAM Lo nicout « Very Low Power
* FRAM
Now 2010 2011 2012
Family Tech ...

Family Technology

Stellaris Family Technology

ARM® Cortex™-M3 v7-M Processor Core -

¢ Up to 100 MHz

¢ Up to 125 MIPS (at 100 MHz)

On-chip Memory

#256 KB Flash; 96 KB SRAM

#ROM loaded with Stellaris DriverLib, BootLoader,
AES tables, and CRC

External Peripheral Interface (EPI) Clocks, Reset

+32-bit dedicated parallel bus for extemal peripherals 3 UARTs Systom Contral

#Supports SDRAM, SRAM/Flash, M2M

Systick Timer

5P
Advanced Serial Integration — ey
#10/100 Ethernet MAC and PHY L Exch 32.01 o 21680
#3 CAN 2.0 A/B Controllers [ ieeE 1588 | P
#USB (full speed) OTG /Host / Device USB Full Speed
#3 UARTs with IrDA and I1SO 7816 support* Host [ Duvice | OTG GPIOs
#2ICs 32ch DMA
+2 Synchronous Serial Interfaces (SSI)
eIntegrated Interchip Sound (I12S) EPI
System Integration Precision
#32-channel DMA Controller
e¢Intemal Predsion 16MHz Oscillator Y o
¢ Two watchdog timers with separate clock domains o Qusdeature.
#ARM Cortex Systick Timer rosrdns LDO Voltage

4 32-bit timers (up to 8 16-bit) with RTC capability 3 FW o Reguistor

e Lower-power battery-backed hibemation module | e e Aeg

+Hexble pin-muxing capability [ Comparstorn | g

Advanced Motion Control 35 105 ACC

#8advanced PWM outputs for motion and energy ENEA b 8
applications

oz%uadralure Encoder Inputs (QEI) = Tamp Sensor

Analog

#2x 8-ch 10-bit ADC (for atotal of 16 channels)
+3analog comparators

+On-chip voltage regulator (1.2V internal operation)

Memories ...

*One UART featuresfull modem controls

1-6 Stellaris One Day Workshop



Stellaris ARM® Cortex™- M3 Overview

Internal Memories

Stellaris Internal Memories

| 0x0000 0000 Internal FLASH

& FLASH |0x0100 0000 On-chip ROM
+ Upto 256 KB
> nerecic euploRobZ | 0x2000 0000 Bit-banded on<hip SRAM
+ 1KB sector

+ Flash me mory protection
+ Flash programming

¢ SRAM |0x4000 0000 Peripherals
+ Up to 96KB

+ Up to 100MHz
+ Bit-band capability
+ Code execution

| 0x4200 0000 Bit-band alias of 0x4000 0000

| 0x2200 0000 Bit-band alias of 0x2000 0000 |

| 0x6000 0000 EPI0 mapped peripheral and RAM

4 ROM

o SEEEDRmIleRy OXE000 0000 Private peripherals bus
+ Stellaris® Peripheral Driver Library

+ AEScryptography tables Instrumentation Trace Macrocell

+ CRC error detection functionality Data Watchpointand Trace

Flash Patch and Breakpoint

Nested Vectored Interrupt Controller
Trace Port Interface Unit

MPU ...

Memory Protection Unit

Memory Protection Unit

Benefits:

¢ Enforce privilege rules ‘

¢ Separate processes
¢ Enforce access rules

Features
¢ 8 Protection regions from 32B to 4GB range
¢ 8 sub-regions within each region

¢ Every region and sub-region permits:
+ Code execution - allow/disallow

+ Data access — none, read-only, read/write access

¢ Any violation causes a memory management fault,
activating the fault handler

Ethernet ...

Stellaris One Day Workshop 1-7



Stellaris ARM® Cortex™- M3 Overview

Integrated MAC+PHY

The Only ARM MCU w/ Integrated 10/100 Ethernet MAC+PHY

¢ Enables network connectivity and embedded web servers

¢ Lower external power budget requirements than
solutions using an external PHY

¢ Savings in board space and system cost
¢ Hardware support for Precision Time Protocol (IEEE 1588 PTP)

10mm

The Stellaris MCU in a
BGA package is just
slightly larger than a in an area the size

standard Ethernet PHY of an Industry

ina 48 pin TQFP standard PHY
package

MCU + PHY + More
Stellaris Features

NVIC ...

1-8 Stellaris One Day Workshop



Stellaris ARM® Cortex™- M3 Overview

NVIC

Nested Vectored Interrupt Controller — Tail Chaining

Highest

IRQ1 ;I
I—

IRQ2
Interrupt Handling
26 Cycles 16 Cycles 26 Cycles 16 Cycles
Cortex-M3 Interrupt 65% Saving
Handling - ISR1 . SR2 -* Cycle Overhead *
e - G
12 Cycles 6 Cycles 12 Cycles
Tail-Chaining
ARM7TDMI ( Cortex-M3 )
* 26 cydes from IRQ1 to ISR1 « 12 cydes from IRQ1 to ISRL
(up to 42 cyclesif in LSM) (Interruptible/Continual LSM)
¢ 42 cydes from ISR1 exit to ISR2 entry « 6 cycles from ISR1 exit to ISR2 entry
* 16 cydes to return from ISR2 « 12 cydes to return from ISR2

NVIC ...

LSM = Load/Store Multiple instruction

NVIC Interrupt Priorities Example

ontrol ISRs (e.g. PWM, ADC)

nication ISRs (e.g. ENET, CAN)

plication (foreground)

¢ Main application runs as foreground (base level)
+ Easyto write since no “factoring” —normal application or RTOS based
+ CanusePLCstyle state-machine poll loop safely: ISRs keep data available

# ISRs for Motor control are highest priority(ies)
+ PWM, ADCs, Timer(s), Fault (may be highest), Temp sensor, etc

¢ ISRs for communications below motor controls
+ Ethernet, CAN, and/or serial

¢ May use other priorities as needed

« Very fast interrupt responsetime, true nested interrupts, priority masking,
easy ISR setup all contribute to making an easy solution
+ Application uses priority masking vs. interrupt-disable if needs critical region

EPI...

Stellaris One Day Workshop 1-9



Stellaris ARM® Cortex™- M3 Overview

External Peripheral Interface

External Peripheral Interface (EPI)

¢ Multiple device types supported

+ SDRAM: Supports x16 (Single Data Rate) at up to 50MHz

+ Supports low-cost SDRAMS up to 64 MB

+ Includes automatic refresh and access to all banks/rows.

+ Includes asleep/standby mode to keep contents alive with minimal power draw.
+ Host-Bus Interface: Traditional x8 MCU bus interface capabilities

+ Similar device compatibility options as PIC, ATmega, 8051, and others

+ Access to SRAM, NOR Flash, and other devices, with up to 24MB of addres sing

+ Support of both muxed and de-muxed address and data

+ Access to a range of devices supporting the non-address FIFO x8 interface variant, with
support for TXempty and RXfull

+ Speed controlled, with read and write data wait-state counters
+ Manual chip-enable (or use extra address pins)
+ Machine-to-Machine: Wide parallel interfaces for fast communications
+ For instance, CPLDs and FPGAs
+ Data widths up to 32-bits, data rates up to 150 Mbytes/second
+ Optional “address” sizes from 4-bits to 16-bits
+ Optional clock output, read/write strobes, framing (with counter-based size), and clock-
enable input

¢ Other features

+ General parallel GPIO, FIFOed with speed control — for custom peripherals or
digital controls

+ Blocking and non-blocking reads
+ HFOed writes separate the processor from timing details
+_Direct memory access (DMA)

Hibernation ...

Battery-Backed Hibernation

Battery-Backed Hibernation

# Battery-backed Hibernation Module (Standby current as low as 10uA*)

« 32-bit real-time counter (RTC)
+ Programmable 32.768-kHz external oscillator or a 4.194304-MHz crystal
+ RTC software trim for making fine adjustments to the clock rate

+ 256 bytes (sixty-four 32-bit words) of non-volatile battery-backed memory
« Power-switching logic to discrete external regulator (switch to battery)
+ Low-battery detection, signaling, and interrupt generation

+ Wake on RTC match and / or external pin

¢ On-chip Low Drop-Out (LDO) voltage regulator
¢ Low-power options on controller: Sleep and Deep-sleep modes

& Low-power options for peripherals: software controls shutdown of
individual peripherals

# 3.3-V supply brownout detection and reporting via interrupt or reset

60 mA (w/o ETH)
Run <120mA 160 mA (w/ETH) 120 mA
80 mA (W/ETH)
Sleep 20 mA 20 mA (w/ETH) 20 mA 8 mA
Deep Sleep 700 pA 5mA (W/ETH) 350uA 600 pA
Hibernate — 10to 18 pA 10to 18 pA 10 to 18 pA
* Preliminary MOtOI’ COHtI’O|
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Stellaris ARM® Cortex™- M3 Overview

Motor Control

Motor Control

# Stellaris supports up to 8 general-purpose PWMs
and up to 8 channels of motion control PWMs.

¢ General-purpose PWMs

— Stellaris 16-bit timer simple PWM mode with
programmable output negation.

¢ Motion-control PWM Module

Can generate simple PWM signals for a simple charge pump.

Can generate paired PWM signals with dead-band delays for a half-H bridge driver.
Can generate the full six channels of gate controls for a 3-Phase inverter bridge.
Dead-band generator providing shoot-through protection.

Synchronization of timers enables precise alignment of all edges.

+ Up to 4 fault-condition handling inputs in hardware quickly provide low-
latency shutdown.

< Up to 2 Quadrature Encoder Inputs provide accurate positioning for closed-
feedback control.

Stellaris One Day Workshop 1-11



Evaluation and Reference Design Kits

Evaluation and Reference Design Kits

Evaluation Kits: “Zero-to-32bits” In 10 Minutes

— Evaluation board(s)

— All required cables

— A choice of evaluation tools suites for popular developmenttools
— Documentation

— StellarisWare software

— Applications notes

\.

2 H = Ly
EK4iM3S811 EK-LM3S1968 EK-LM3S2965 EK-LM3S3748 EK-LI EK-LI

» Everything a developer needs to get up and running in 10 minutes or less

« Each kit functions both as an evaluation platform and as a serial in-circuit debug interface
for any Stellaris microcontroller-based target board

EK-L EK-LM3S9B92

Low pin court High pin count
$49 $59 $79 $109 $69 $89

Eachkit comes in four versions:

ARM D IKEIL  [#code red
SIAR G CODESOURCERY

SYSIEMS

And now ... ™
sComposer
Studio

Ethernet+USB OTG ~ Ethemet+OTG +MC
$99 $99

CAN Functionality USB Host/Device Ethernet MAC+PHY Ethernet+t CAN

www.ti.com/Stellaris

Ref DesKits ...

Motor Control Reference Design Kits

Example applications:

* White goods

* Residential and light commercial HVAC
* 3-ph Industrial Motor Drives

Example applications:

« 2 and 3 axis CNC equipment

« Sorting and grading equipment

» Specidized printers and scanners

Example applications:
* Small appliances

* Pumping and ventilation systems

Example applications:
» Small appliances

« Pumping and ventilation systems

Open-Tool Motor Control Reference Design Kits

« Electric wheelchairs and mobility devices

M Official FIRST KoP Speed
[ Controller— FRC 2009

« Electric wheelchairs and mobility devices

Ref DesKits ...

Stellaris One Day Workshop



Evaluation and Reference Design Kits

Reference Design Kits

Open-Tool

Reference Design Kits

Example applications:

* Security Systems & Buildng Access Controllers

* White Goods and other Home Appliances

» Factory Automation (System Status and Configuration)

Example applications:

» Security Systems & Buildng Access Controllers

» White Goods and other Home Appliances

» Factory Automation (System Status and Configuration)

Example applications:

» Security Systems & Buildng Access Controllers

* White Goods and other Home Appliances

» Factory Automation (System Status and Configuration)

Example applications:

« SCADA Remote Terminal Units (RTUs)
« Electronic Flow Meters (EFMs)

» CCTV RS-232 Recorders

Modules ...

Modules

Brush DC Motor Control

Single unit: 109 USD

Single unit: 169 USD

Open-Tool Modules Speed Time-to-Market

Intelligent Display
Module

Ethernet+CAN BLDC Motor Controller
MDL-IDM-L35
Single unit 185USD

...with Ethernet

MDL-IDM28

Single unit 185USD
...with PoE
MDL-IDM

Single unit 199 USD

< L] d

AC Induction Motor Control

Singleunit: 149 USD

Serial-to-Ethernet
Singleunit: 239 USD
Singleunit: 49 USD

Flexibility ...

Stellaris One Day Workshop
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Product Development Flexibility

Product Development Flexibility

EVALUATE

Stellaris Quickstart
Evaluation Kits

Stellaris Open-Tool
Reference Design Kits

10-pin to 20-pin
Jﬂ?ﬁ/

ECUSTOMIZE

Customize/Debug your Module
using any

ARM Cortex-M3 JTAG emulator

+Tools from Trusted 34 Parties

/ Ready-to-Integrate

PRODUCE

Stellaris Modules

< - &

Cifrdie-Eneti e PRODUCTION

Stellaris MC Us

~ B - @@

Use our PRODUCTION
Comp lete Open-Tool

HW & SW Design

Stellaris One Day Workshop




Development Tools and Support Software

Development Tools and Support Software

=
Z oisomanr|  SIAR KEIL | 3
C,F‘ SYSIEMS ARM [Z]KEIL fMcode_red
! 30-day full 32KB address- 32KB address- 90-day full Full function.
Eval Kit ot limited Hiiitied et Onboard
License unction. Imited. Imited. unction. emulation
Upgradeable Upgradeable Upgradeable Upgradeable limited
Compiler GNU C/C++ IAR C/C++ RealView C/C++ GNU C/C++ TIC/C++
C-SPY / code_probe / :
Debl%gEge” gdb / Eclipse Embedded uVision Eclipse-based tool %%i%cgﬂig'
Workbench suite
199 USD i
personal MDK-Basic (256 | 999 USD (upgrade
Full Upgrade edition / 2700 USD KB) = €2000 torun on customer 495 USD
3000 USD (2895 USD) platform)
full support
JTAG J-Link, ~299 U-Link,~199 Red Probe, 150 XDS510
Debugger Usb USD UsD /XDS560
Partners ...
Product Third Party Description DE|K~E:IL
CodeRed  |Red Suite (GNU C/C++ Campiler, code_proke / Eclipse Debugger / 1DE) @IAR -
- CodeSourcery |CodeSoucery G++ (C/C++ Compiler), GDB / Eclipse Debugger / IDE - SCIOPTA
%‘;E’E;;err R TAR CIC++ Complier, CSPY / Embedded Workbench Debugger / IDE SYSIEMS -
Keil RealView C/C++ Compiler, pVision Defugger / IDE @ CODESOURCERY
Rowley CrossWorks for ARM (C/C++ Compiler, CrossStudio Debugger / IDE)
CMX CMXRTX™ RTOS offeiing smdlfootpiint, fast context switch imes Rowley Associates
ExpressLogic |ThreadX advanced RTOS designed specifically fa deeply embedded applications ' d d
FreeRTOS org |FreeRT OSorg™ Open-Source minirealtime kerne = S
IAR PowerPac™ fullyfeatured RT OScombined with a high peffom ance file system OWESCﬂS )
Keil RTX flexible royalty-free RTOS with source code ¢M§
Micrium Partable, scalable, preemptive real-ime, multitasking kemel (RTOS)
Quadmos RTXC for embedded app icat ans Qqum 3
RoweBas Unison Utra Tiny Em bedded Linux and POSIX Cam patible RTOS b) #
SCIOPTA  |SCIOPTA realtime perating system far safety-critical applicati ans SEGGER
SEGGER embOS RTOS for em bedded applicatiors designed _m
CMX CMX-USB Device, CMX-CANopen™, CMX MicroNet, and T CP/IP protocd stacks
elLua Embedded Lua Pragramming Language for Stellaris g *
ExpressLogic NetX™ TCP/IP and USBX™ supporting USB Host and Device e . .
Interniche NicheLite and ARM Network Evaluation Kits Mlcrlum
s ks | Micrium HCMSB Device, uC/USB Host, pC/TCP 4P, pCModbus, uC/CAN protocolstacks . %
s I:iaslt MicroDigital smxUSBD Device, smxUSBH Host, and smxUSBO On-The-Go (OT G) Stacks b
B v portGmbH CANopen Library for Stellaris Micrecontrollers tbuatian
Quadros RTXCusb Host and Device stacks, CANopenRT CAN stack, and QuadNet TCP/IP ’.rt
RTA Automaion RTA Autamation DeviceNet ™ protocol stacks
SEGGER __ embOS/P T CP/P and emUSB Device Siack e
SEVENSTAX SEVENSTAX T CP/IP-Stack and Embedded Web Sewer )
Stellarisware ...
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Development Tools and Support Software

StellarisWare

StellarisWare

License-free and Royalty-free source code
for Tl Cortex-M3 devices:

+ Peripheral Driver Library

« Graphics Library

+ USB Library

+ Boot Loader

+ [IEC 60730 Library

+ Flash Programming

+ On-Chip ROM Enhancements

On-line ...

Available On-Line

StellarislWare’ Available On-Line

A TEAs INSTRUMENTS

Stellaris® ARME Cortex™-M3-based MCUs

stE" 4 Texas InsTRUMENTS
® Produtts  ® Appbestiess  ® Dusign Suppon @ Sampls & Buy

e Driver Lib ...
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Development Tools and Support Software

Peripheral Driver Library

StellarisWare” Peripheral Driver Library

+ High-level API interface to complete
peripheral set

# Free license and royalty-free use

+ Simplifies and speeds development
of applications

¢ Can be used for application
development or as programming
example

# Available as object library and as
source code

¢ Compiles on ARM/Kell, IAR, Code
Red, CCS and GNU tools

# Peripheral driver library functions
are preprogrammed in ROM on
select Stellaris MCUs

GrLib ...

Graphics Library

StellarisWare”  Graphics Library

# Setof graphics primitives and widgets for use on Stellaris MCUs.
& Three subsequent layers of functionality: cl .
+ Display Driver Layer ]
+ Graphics Primitives Layer
+ Widget Layer
+ Each API in each layer is directly callable

¢ Writtenentirely in C (except where not possible), self-contained, easy-
to-understand, efficient.

4 Compiles on ARM/Keil, IAR, Code Red, CCS and GNU toals.

4 Computations that can be performed at compile time whenever
possible.

& Graphics Primitives:
+ Paint, Line, Rectangle, Circle, Font, Image, C ontext, Buffer
+ 134 Computer Modem predefined fonts available

+ Up to 24-bit color (~150 common colors conveniently referenced in
GraphicsLib)

4 Widgets:

+ Canvas, Checkbox, Container, Push Button, Radio Button, Slider,
ListBox

4 Special Utilities
« ftrasterize: render your own fontto be recognized by GraphicsLib
+ Imi-button: predefined button shape with shadow and 3-D

+ pnmtoc: Converta NetPBM image file into a format recognized by
GraphicsLib
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Development Tools and Support Software

USB Library

StellarisWare” usB Library Stacks and Examples

o USB-IF Compliance =3

« Stellaris has passed USB Device and Embedded Host compliance testing

¢ Device Examples:
+ HID Keyboard
+ HID Mouse
« CDC Serial
+ Generic Bulk
« Audio class
+ Device Firmware Upgrade
+ Oscilloscope
¢ Host Examples:
+ Mass Storage
« HID Keyboard
« HID Mouse
¢ Windows INF for supported classes
« Points to base Windows drivers
+ Sets config string
+ Sets PIDVID
+ Precompiled DLL saves development time
+ Device framework integrated into USBLib

==

4 321
Type A Type B
5
I
Kini-#& Wini-B
54321 4321
S
Wicro-&B Wicro-B

FREE ﬁ
Vendor ID/
Product
ID

sharing
program

IEC60730 ...

IEC 60730

StellarisWare

Reset Handler

Safe At Home With IEC 60730

Description

Performs basic register and memory test out of reset.

CPU Test

Performs stuck bit testing on the CPU PC and registers.

SHAM Test

StellarisWare™

GPIO Test
Clock/Interrupt Test

Perfiorms stuck bit testing on the SRAM.
Performs a CRC test on the Flash,
Perfiorms a conversion test on an ADC channel connected to a
_known voltage reference,
Performs ADC temperature sensor lest.
Perfarms GPIO input/output plausibility test,
Performs tests o check the clock frequency, intermupt
handling. and execution.

i, fast interrupt execution cerainty.

oty for robust

The International
I EC Electrotechnical
@ Commission (IEC)

« |[EC: World's authority in

Especially usebul in veritying the contents of memory in a
Stedlaris microcontroller.

international standards for
household appliances

Clocked with precision oscillator, a second WOT takes
f th le interrupt (NMI) handier safety

feature of the ARM Cortex-M3

« Stellarisware extension provides
support for IEC 60730 Class B

Supplies an accurate. independent time base when periodic
safety tosts are executed.

safety requirements
« Class B covers most home

Provides quick mator shutdown in low latency situations.

Provides precise, closed loop control of motors.

appliances, such as washers/dryers,
refrigerators, freezers, and
cookers/stoves

« Free license and royalty-free use for

Stellaris®
Hardware

Used to trigger Steflans’ accurate ADC and to trigger an

nterrupt when needed, which is useful for infrequent out-of-
range events such as a current or voltage spike.

Eliminates the performance-wasting requirement of constant

CPU polling,.

use on Stellaris MCUs
« Library supports both startup and

Used to monitor and shut down an appliance if the appliance
overheats.

10/100 Ethernet MAC/PHY with

periodic testing requirements of IEC
60730

Offers highly features for precision

Note: Watchdog timers are comp letely independent hardware timers | System programming
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Development Tools and Support Software

In System Programming

StellarisWare” in system Programming Options

Stellaris Serial Flash Loader

. Small piece of code that allows programming of the flash without the need for a
debugger interface.

. All Stellaris MCUs ship with this pre-loaded in flash
. Interface options include UART or SSI

* Tl supplies a Windows™ application (GUI or command line) that makes full use of
all commands supported by the serial flash loader (LMflash.exe)

* See application note

Stellaris Boot Loader

. Small piece of code that can be programmed at the beginning of flash to act as an
application loader

. Also used as an update mechanism for an application running on a Stellaris
microcontroller.

* Interface options include UART (default), 12C, SSI, Ethernet, USB
Included in the Stellaris Peripheral Driver Library with full applications examples
* Preloadedin ROM on select Stellaris Microcontrollers

*

Flash GUI ...

Flash Programming GUI

StellarisWare’ Flash Programming GUI

42 LM Flash Programmer - Build 819
Configuration | Pragram | Fiash Unises | Other Lites | ree |

¢ LM Flash Programming GUI | .«

r .
L3748 Lt vaaet and Diesace Evaluation Board -

*

Simple graphical user interface | ...

TG Speed iz [

*

Support for all Evaluation Kits

+ Key features include:
+ Program
+ Verify

Wip TEXAS INSTRUMENTS

lide

« Erase

+ Read memory

Available online

*

3

ROM ...
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Development Tools and Support Software

ROM Enhancements

Stellaﬁsmafeu On-Chip Software Enhancements (ROM)

StellarisWare® DriverLib Ste"aﬂsmargm
+ High-level APl interface to complete peripheral

set.
¢ Simplifies and speeds development of

applications. Stellaris® ROM User's Guide

¢ Saves user flash by storing peripheral setup
and configuration code

+ Allows programmer focus to be on the
application—not setup

USER'S GUIDE
W Ponares

Other flash memory-saving options
¢ Advanced Encryption Standard (AES) cryptographic
tables
+ Supported by the current AES example application
+ 128, 192 and 256-bits
# Cyclic Redundancy Check (CRC) functionality — for
error detection

it

Stored in ROM on select
Stellaris MCUs

SAFERTOS ...

SAFERTOS

SAFERTOS Included On The LM3S9B96

PROGRAM MEMORY

|'r e N ~ _
+ High-integrity RTOS in ROM ‘ U J L] _____ { | }
L \ -/
¢ Can be used as a standard operating . @ : RoM G
system OR as part of a high integrity e | ,:‘:,
application which requires certification \ o=
to IEC61508 or FDA510(k) ( TEMPEST Cortexh3 ]

¢ RTOS value $65k free with Tempest LM3S9B96

# Integrated hardware/software solution shortens the time to market and
significantly reduces cost for Industrial and Medical Applications

¢ Innovative Design Assurance Pack available separately from WITTENSTEIN
provides complete turnkey evidence and process documentation
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Product Demonstrations

Product Demonstrations

Stellaris CAN/Ethernet Automation Demo

CAN/Ethernet Demo

Stellaris CAN/Ethernet Automation Demo

Robotic Arm

Servo Control
Board

CAN cable

Geared
BLDC Motor “§

7 07t aminary Mirn, Ine Al Brushless DC _]
- B — Motor Controller
Web Browser Consolefor Automation System Demo

CNC Demo ...
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Product Demonstrations

CNC Machine Demo

Stellaris 3-axis CNC Machine (AN01246)
’ N e :

. LM3S615 controls all three axes of stepper motion
6 advanced motion-control PWMs

Current sensing

Sixlimit switches

Active Indicator

Driver for tool control signals

Connectivity

CNC = Computer Numerical Control

* LM3S316 controls QVGA LCD Touch Panel

¢ e o o o+ o+ o

Car Demo ...

Autonomous Car

Stellaris Autonomous Car (AN01245)

* Robot Uses one LM3S316 Stellaris MCU
+ Four advanced motion-control PWMs drive four brushed motors

« Four ADC channels for three infrared sensors and a bridge current
monitor

+ Analog Comparator for photocell “nighttime” sensor
+ GPIOs for LED headlights

+ SPI for connection to 802.15.4 radio connection
FIRST ...
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Product Demonstrations

FIRST Robotics

FIRST Robotics Competition

* is a worldwide robotics competition for high school
students.

* FRC 2009 featured 1700 international teams.

¢  Stellaris MDL-BDC “ Jaguar” selected as the Official

Supplier of the speed controller in the FRC 2009 Kit-of-
Parts delivered to each FRC 2009 team.
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Summary

Summary

The Stellaris Total Solution Proposition

Complete
Reference
Stellar Design Kits

Technical
Support

Extensive
Application
Notes
with Software
Examples

Productio n+eady
Application

Modules

Innovative technology
Fastest time to market

Cost effective solutions

Low-cost
Quick-start
Evaluation Kits

Accelerated SW
Development
With
StellarisWar e®

Extensive
Third Party
Tools and SW

Largest ARM |} Support

Microcontroller -

Portfolio
In the World

Connectivity ...

Stellaris Is The Industrial Connectivity Solution

Performance
20-100 MHz ARM-M3 CPU
» Optimized for single-cycle flash usage
e Thumb-2 ISA with high code density
* Flexible clock system sources up to 8 timers
« Single-cycle multiply and hardware divide
» Three power modes and battery-backed
hibernation with non-volatile memory
* Integrated 32-ch DMA for ease of use

Connectivity

Only family in the industry with:

* Ethemet MAC & PHY with 1588 PTP support
* USB Host, Device, or On-The-Go

* CAN 2.0 A/B with 32 mailboxes

« Integrated UART, 12C, SSI modules

* Integrated 12S master or slave

« External Peripheral Interface supporting

Broad Portfolio

Largest ARM MCU portfolio in the world
with over 160 devices

* 8KB-256KB Flash and 96KB RAM

* 10-hit, 8ch ADCs from 250ksps-1MSPS
* Up to 8 advanced PW M modules

* RTC, BOR, and integrated LDO

* Analog comparators and temp sensor

« 28 to 108 pin from SOIC to BGA

« C friendly IDE and compilers from
industry leaders

* Low cost developmenttools

« Application specific and advanced
development kits

* Production-ready application modules

« StellarisWare on ROM includes driver and
peripheral libraries to ease development

Tl...
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Quickstart Labs

Introduction

In this section we’ll have a chance to get hands-on with the LM3S3748 and LM3S8962
evaluation Kits. So let’s take a quick look at how these boards operate.

Objectives
e Code Composer IDE QuickStart
e Flash Programmer
e | M35S8962 README FIRST

e |LM3S3748 README FIRST
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Module Topics

Module Topics

L@ T o 1 =V T oL SRS 2-1
T LU T=TN o ot PSS 2-2
LM3S3748 EVAIUALION Ki.....c.eoiiiiiiieie et sttt et st steste e eneeneeees 2-3

OSCIllOSCOPE APPIICALION......c.eitiieiietiiteieeit ettt 2-3
LM3S8962 EVAIUALION Kit.....c..oiiiiiiiiiesiieieieie et sttt st ste e enee e eees 2-4
Web Server Maze Game APPIICALION ........oiiiiiieiiiie e 2-4
Code COMPOSEE STUAIO 4. 1.ttt ettt bbbt et e e e e b e sbeebesbeebeebe e bt ene e e e b e 2-5
LAD PrOCEAUIE. ..ottt et bt b et b e et eb e e benr bt e ne e b e anennere 2-5
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LM3S3748 Evaluation Kit

L M3S3748 Evaluation Kit
LM3S3748 Evaluation Kit

50MHz LM3S3748 w/ 128K Flash & 64K SRAM
Host and Device USB Connectors

Bus or Self-powered USB Device support
128x128 Color LCD display
microSD card slot

Speaker with amplifier

USB Flash memory stick
USB Debugger interface

® & & O O O 6 o o

Oscilloscope QuickStart application

QSApp ...

Oscilloscope Application

LM3S3748 Evaluation Kit QuickStart App
- Oscilloscope Demonstration -

\ K

Oscilloscope Wiring Oscilloscope Demo Oscilloscope Options

USB Host Mode USB Device Mode
Data dump to the memory stick Control the demo viaa PC

8962 ...
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LM3S8962 Evaluation Kit

L M3S8962 Evaluation Kit
LM3S8962 Ethernet+CAN Evaluation Kit

¢ LM3S8962 w/ Integrated 10/100
Ethernet controller and CAN MAC

OLED graphics display
Speaker
microSD card slot

USB Debugger interface

® 6 & o o

Maze Game QuickStart application

Web Server Maze Game Application

QuickStart App for LM3S8962 Evaluation Kit
— Web Server Maze Game -

Stellaris® LM3S8962 Evaluation Kit \

@ s BT ‘ag

D =3 0H F

081295_

Conrscted 002106 Ao detect 11500 8-N-1

Score display via COM port

Game display on OLED and web browser

CCS ...
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Code Composer Studio 4.1

Code Composer Studio 4.1

Code Composer Studio v4.1

¢ Code Composer Studio v4.1

+ Platinum version
supports Stellaris =

+ Purchase MCU license for $495
¢ Can beused FREE with EVMs
¢ 120 day full version eval period
¢ Eclipsebased
¢ Includes

+ Debugger

+ Profiler

+ Scripting

+ Image analysis and Visualization

+ C/C++ Compiler

+ Simulator

Procedure ...

Lab Procedure

Workshop Lab Procedure

*

*

*

*

*

*

¢ Ifyou have a 3748 board:

Run the CCS QuickStart lab (chapter 3)

Reprogram the QuickStart App onto your board
using the Flash Programmer procedure (chapter 4)

Run the 3748 README lab (chapter 5)

¢ |Ifyou have a 8962 board:

Run the CCS QuickStart lab (chapter 3)

Rep ro%ram the QuickStart App onto your board
using the Flash Programmer procedure (chapter 4)

Run the 8962 README lab (chapter 6)

¢ Best case ... pair up with a partner who has the
other board and see all the labs

Tl...
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Code Composer Studio 4.1

*** Doodle Here ***
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03-QUICKSTART — CODE
COMPOSER™ STUDIO

Stellaris® Development and Evaluation Kits for
Code Composer™ Studio

The Stellaris Development and Evaluation Kits provide a low-cost way to start designing with
Stellaris microcontrollers using Texas Instruments’ Code Composer Studio development
tools. The evaluation boards can function as either a complete evaluation target or as a
debugger interface to any external Stellaris device.

Requirements

= You have a PC with a USB interface, running Microsoft® Windows XP (SP2 or greater)
or Vista
= You have the Workshop Installation Software Flash Drive

CAUTION: There is a known electrical issue with the FT2232 device that is used in the
on-board In Circuit Debug Interface (ICDI). Some USB hubs can cause the device to
misbehave, with symptoms ranging from failed enumeration to corrupt data transfers. If you
experience trouble when using the on-board ICDI, try connecting the USB cable directly to
one of the USB ports on your PC or laptop.

Code Composer Studio

This quickstart shows you how to install the Code Composer Studio development tool and
how to use it to build and run an example application on your Stellaris Evaluation or
Development Board.

Step 1: Install Code Composer Studio

1. Disconnect any evaluation board that you have connected to your PCs USB port(s).
Insert the Workshop Installation Flash Drive into a free USB port.

2. Using Windows Explorer, find the setup_CCS_4.1 folder on the Flash drive and
double-click on the file named setup_CCS_n.n.n.n.exe.

3. Follow the instructions in the Code Composer Studio installation program. Select the
Platinum Edition for installation when the Product Configuration dialog window
appears. Click Next.
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QUICKSTART - CODE
COMPOSER STUDIO

4.

5.

Code Composer Studio v4 Setup
Product Configuration

Select the Product Configuration that best suits your needs.

Select the Product Configuration that you wish to install. Mare detailed installation options will be
presented on the next screen,

| Platinum Edition Description
Microcontroller Edition This is & complete installation
Scripting Tools induding all features and
Custom support for all device families.

By default a 30 day
evaluation license will be
generated.

[ < Back ]l Mext= | l Cancel l

In the Choose ISA dialog, if you are attending a Stellaris only workshop, make sure
that only the Stellaris Cortex-M3 MCU and ARM checkboxes are selected. If you

are also attending an MSP430 workshop, check that checkbox too. Click Next.

Code Composer Studio v4 Setup

Choose ISA

Select ISA support to be installed

MSP430 16-bit Ulira-Low Power MCUs

[Jc28x 32-bit Real-time MCUs

[¥]stellaris CortexI3 MCUs

[ JHercules Cortex-R4F MCUs

[ Digital Media & Application Processars (OMAP, DaVind and Sitara)
[ ]c54x DsPs

[Jessx Dsps

[Jceooo DsPs

ARM

[ < Back ][ Mext > ] [ Cancel ]

In the Select Components dialog, uncheck the Target Content and Emulators
checkboxes. If you are attending a Stellaris only workshop, click Next. If you are

attending a MSP430 workshop too, check the MSP430 USB FET checkbox and click

Next. The installation should take less than 10 minutes to complete.
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QUICKSTART - CODE
COMPOSER STUDIO

Code Composer Studio ¥4 Setup X

Select Components { P Y
Select the components wou want to install and deselect the components H ""
wou do nok want to install, T e

- o
—Description
Code Generation Tools .ﬂ B

- Swstem drivers for the
& [ Target Content M5P430 LIS Flash Emulation

O osryeros 6.x Toul.

O e and o

O =pc Tools

O «oals
= O Emulators

MSP430 LISE FET s

-

1.01 B of space required toinstall selected configuration.
£7.43 GB is available on the current drive.

Texas Instruments

< Back | Mext = | Cancel |

If you’ve been tasked with installing Code Composer only, please stop here and ask your

instructor for further directions.



QUICKSTART - CODE
COMPOSER STUDIO

Step 2: Install the StellarisWare® Package

A full set of C-based peripheral drivers is provided, covering all peripherals and functionality

of the Stellaris devices. The StellarisWare package includes various example applications
with project files for all major tool vendors that support Stellaris, including Code Composer
Studio. To install StellarisWWare components, follow these steps:

1. Make sure that the Workshop Installation Flash Drive is inserted into one of your
PC’s USB ports.

2. Using Windows Explorer, open the Flash drive and find the StellariswWare
installation file that matches your board.

e LM3S3748 board SW-EK-LM3S3748-xxxx.exe
e LM3S8962 board SW-EK-LM3S8962-xxxx.exe

Double-click on the file for your board and select the default installation location
when prompted. If you intend to run the labs for both boards, you will need the
drivers and StellarisWare for both boards installed.

If you run a second (or more) StellarisWare installation, use the default installation
directory. The board files will be installed in separate folders for each board. When
you are warned about overwriting files, click Yes to all. All the overwritten files are
the same.

NOTE: Check the www.ti.com/Stellaris web site for the latest software updates.
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QUICKSTART - CODE
COMPOSER STUDIO

Step 3: Start Code Composer Studio and Open a Workspace

1. Start the Code Composer Studio IDE by selecting it from the Windows Start menu
or double-clicking the icon installed on your desktop.

When the IDE loads, it asks you where to open the workspace folder. To keep your
projects separated, you should use a workspace for each board.

If you are using the LM3S3748 board, name your workspace workspace_3748.
If you are using the LM3S8962 board, name your workspace workspace _8962.

Do not check the Use this as the default and do not ask again checkbox. While it’s

possible to switch back and forth in the IDE, it’s best to select your workspace at the start
to prevent confusion. Click OK.

) Workspace Launcher

Select a workspace

Code Composer Studio stores your projects in a folder called a workspace.,
Choose a workspace folder to use for this session.

Workspace: | ments and

Settings'\Don cspace 3748 v|[ Browse...

[ ] Use this as the default and do not ask again

Ok l [ Cancel
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QUICKSTART - CODE
COMPOSER STUDIO

2.

If this is the first time you have run Code Composer Studio IDE, a dialog box may
appear like the one shown below. If the dialog appears, select Evaluate Code
Composer Studio for 30 days unless you already have a license that you wish to
activate. Click OK to continue.

NOTE: If you have previously installed a Code Composer evaluation disk, you may
not be able to move beyond this screen. Ask your instructor for assistance.

@ Welcome to Code Composer Studio rz|

Ma walid license for Code Compaser Studio could be found.

(%) Evaluate Code Composer Studio for 30 days!
(") Activate a License

Step 1 - Generate License File

Step 2 - Install License File
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3. Code Composer Studio may now open with the welcome page. If so, close out the
welcome page by clicking the link in the upper right

Start using CCS

or by clicking the X on the tab. You should now have an empty workspace like that
shown below. Maximize the window.

8 C/C++ - Code Composer Studio (Licensed : 30 Days Remaining)

Elle Edit View Mavigate Project Target Toals Window Help
& E i < X P | Rcic++ |
F & ¥ An outline is not available.,
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Step 4: Import Libraries

1. From the menu bar, click on Project, and then select Import Existing CCS/CCE
Eclipse Project.

¥ C/C++ - Code Composer Studio {Licensed)

File Edit View MNavigate QEi2=d Target Tools Scripts  Window Help

! ga B |z Build Active Project Cirl+5hift+P
£ Rebuild Active Project Alt+shift+F -

¥l C/C++ Projects X

&,/ Import Existing CCS/CCE Edipse Project
Elmport Legacy CC5v3.3 Project
Build A Cirl+5

qjRebuild Al Alt+B

m m

Build Warking Set ¥

Build Automatically

Link Files to Active Project...
Add Files to Active Project...




QUICKSTART - CODE
COMPOSER STUDIO

2. The Import dialog appears. Browse to the root directory of the driver library
(C:\Stellarisware\driverlib) and click OK. Be sure that the checkbox next to
driverlib in the Project pane is checked and that Copy projects into workspace is
unchecked. Click Finish.

Import Projects

Select a directory to search for existing Eclipse projects, / .
-

(®) Select root directory: | C:\StellarisWare \driverlib | | Browse... |

(O select archive file: | |

Projects:

driverlib Select All

Deselect All

il

Refresh

|:| Copy projects into workspace

(7 Finish ] [ Cancel
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3. SKip this step if you are using the LM3S8962 board.

Select Import Existing CCS/CCE Eclipse Project from the Project menu again.
Browse to the root directory of the USB library (C:\Stellarisware\usblib) and click
OK. Be sure that the checkbox next to usblib in the Project pane is checked and that
Copy projects into workspace is unchecked. Click Finish.

Import Projects —
Select & directory to search for existing Eclipse projects. @
-
(&) select root directory: | C:\stellarisWare \usblib || Browse... |
) select archive file: | |
Projects:
usblib Select Al

Deselect all

Refresh

D Copy projects into workspace

Pl
]
)

Einish ] [ Cancel
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4. Skip this step if you are using the LM3S8962 board.

Select Import Existing CCS/CCE Eclipse Project from the Project menu again.
Browse to the root directory of the graphics library (C:\StellarisWare\grlib) and click
OK. Be sure that the checkbox next to grlib in the Project pane is checked and that
Copy projects into workspace is unchecked. Click Finish.

¥ Import f'5_<|

Import Projects
Select a directory to search for existing Eclipse projects, @

(%) Select root directory: | Ci\stellariswaregrlib | [ Browse, .. ]

(O select arehive fle: | |

Projects:

arlib Select Al

Deselect all

i

Refresh

|:| Copy projects into workspace

@ uinish | [ Cancel
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Step 4: Import Board Example

5. Select Import Existing CCS/CCE Eclipse Project from the Project menu again.
Browse to the root directory for your chosen board ...

e C:\StellariswWare\boards\ek-Im3s3748 for the 3748 board
e C:\Stellarisware\boards\ek-Im3s8962 for the 8962 board
Browse to the root directory of the hello project and click OK.

The example screen shot below has the EK-LM3S3748 board as the chosen board.
(C:\Stellarisware\boards\ek-Im3s3748). Be sure that the checkbox next to hello in the

Project pane is checked and that Copy projects into workspace is unchecked. Click
Finish.

Import Projects y
Select a directory to search for existing Eclipse projects. :-: ;

-

@ select root drrectory: | C:\StellarisWare \boards\ek4m3s3743\n | [ Browse... |

) select archive file: | |
Projects:
hello [ selecta

|
|
|

|:| Copy projects into workspace

@ Finish ] [ Cancel
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6. All of the imported projects now appear in the Projects Explorer pane.

59 C/C++ - Code Composer Studio (Licensed)

File Edit View Navigate Project Target Tools - Window Help
RE® - D A IRl o | Bcic++ |
Z|BES~ An outine is not available.
S driverl
&S b
&% hello [Active - Debug]
15 ushlib

Since the hello project was the last one imported, it becomes the Active Project.
Otherwise, you can right-click on it a set it as the Active Project.
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Step 5: Building and Debugging a Project

1. Make sure that the power switch on your development board is in the SELF position,
if your board has a switch. Then connect your development boards DEBUG USB port
to your laptops USB port. Don’t change the position of this switch while the board is

powered as you may damage the switch’s internal contacts. The 3748 power switch is
shown below:

EVB is Bus Powered
EVB is Self Powered

USB Power Mode Switch (SW3)

On the menu bar, click on Project and select Rebuild Active Project. The build may
take a few moments. As the project builds, messages scroll by in the console window.

When the build is complete, the words Build complete for project hello will appear
in the console window.

5 C/C++ - Code Composer Studio (Licensed)

Fie Edit View Navigate [Zf99e8 Target Tools

Window  Help

o & x
g o -
s CjC++ Projects X — = B | 5= outine 2 =
1% Import Existing CCS/CCE Ecipse Project An outline is not available
B diverb % Import Legacy CCSv3,3 Project
& grib
@15 hello [Active - D¢
&S ushib

Cirl+shift+7 s (o |

(& Buid Al crl+8
GuRebuild Al Alt+B

Build Project

Build Working Set v
Clean...

Build Automaticaly

Link Files to Active Project.
Add Files to Active Project...
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3. On the menu bar, click on Target and select Debug Active Project. Alternatively,
you can simply click the Debug Launch icon % on the menu bar.

1% C/C++ - Code Composer Studio (Licensed) B
File Edit View MNavigate Project WEIGS# Tools Scripts Window Help
: = g_«é 0 : :;3 ~ New Target Configuration... L ﬁlm‘
w— ®2 Debug Active Project =5 EE — =5
‘ﬁ_ Launch TI Debugger | - |
* & An outline is not available.
T Debug History 4
= driverlib
5 grib Debug...
[ & hello [Active - Debug]
-5 ushib
Bl console 52| (B B | 4 [ 5+ = B ||[El problems 2 » Y =0
|C-Build [hella] |0 errars, 0 warnings, 0 infos
|tms470/bin/0fd4T0 . exe” # ||| Description = Re
"C:/Program Files/Texas B
|Instruments/cosv4/tools/compiler
tms470/bin/hex470.exe"™
"C:/Program Files/Texas
Instrunents/ccsv4/utils/tiobi2b
in/mkhex4bin.exe"
[
Build complete for project hello..
)| = k.|
Do

Code Composer Studio should switch to the Debug Perspective. If it does not, click the
Debug Perspective button * =2 in the upper right.
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4. The Code Composer Studio debugger automatically connects to your evaluation
board, programs the Flash memory, and runs to the beginning of the main() function.
From here, you can examine and modify memory, program variables and processor
registers, set breakpoints, step, and perform other typical debugging activities.

To run the program, select Run from the Target pull-down menu or click the

Run [ button on the menu bar.

"] Debug - hello.c - Code Composer Studio (Licensed)
Fle Edit View MNavigate Project REgeSdl Tools Soipts Window Help
g &8 |_‘_Ijl_‘ i, @ @ LoadProgram... Cirl+alt+ o B | % Debug | B clc++
- (£ Relnad Program Cirl+alt+R =
- x i # 7 7 B || 0=Local (1) & | Watch f @ Y08
Bcbud % o Load Symbols... & el (s B|$ &80
= % Dello [Debug] - Stellaris In-Cirf 4% Add Symbols... Sessian] Name Value Address Type
Bk Deviee
B Thread [mair] (Suspef v G Conmect Target Alt+C
=40 mzin() at hello.d Disconnect Target Alt+D
= 1_args_main{) at
v Stellaris In-Circuit Debug 1 &Raslart
o Stellaris In-Circuit Debug 1
@, Go to Main
I=Run F8
[ Terminate All Cirl+Alt+T
_Step Into FS
L Step Over 6 P 5
_Assembly Step Into =g
= Assembly Step Over
_[fStep Return [ il Lo/
“hReset »
Set the clg Advanced » Fystal.
ROM_SysCtlClog (% NewTarget Configuration... E_OSC | SYSCTL_OSC_MAIN
35 Debug Active Project
ﬁLaunch TIDebugger
f/ Initialize Debug Histary e
Debug... e
B console 52 Eepf #B-F5-708
hello [Project Debug Session] Stellaris In-Circuit Debug Interface_0/CORTEX_M3_0 {10:01:43 AM)
¢ Warning loading file 'C:\Program Files\Texas InstrumentsiccsvéiemulationigeliCortexM3 util.gel', line &8: the fum(A
Map Initialization Complete
utput: Watchdog Timer Enabled
v
< >
0 B E LE

Note the display on your board. If everything has worked properly, you should see Hello
World on the display. Don’t worry about the preprogrammed application that came with the
board, we’ll re-flash it in the Flash Programmer section later.

Click the % Jifi C/C++ Perspective button in the upper right of your display to return
to the editor perspective.

Right-click on hello in the Project pane and select Close Project from the list.

If you are not going to run the next lab section, Close Code Composer Studio now.
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Optional!

The following section should only be attempted if you have sufficient time to
complete it. Let your instructor know that you’'re ready to start this section.
Otherwise, you can complete it at home.

Creating a New Project

Once you have gone through the StellarisWare example applications, you may want to create
your own project to begin development. While you can always start with an existing, simple
project, sometimes you may want to start fresh.

The example provided below creates a fresh project, copies code from an existing project, and
builds the new project.

1. To add a new project to your workspace, go to File > New - CCS Project.

B C/C++ - blinky.c - Code Composer Studio (Licensed)

3-8 Edit “iew Mavigate Project Target Tools Window Help
Mew File... @ Standard Make Project 1
Open File... @ RTSC Configuration Project
Close Crl+w @ Folder
Close all Ctrl+5hift+w |£|<} Source File
E Header File
[ File
(& Class
[&] Target Configuration File
333 DSP/BIOS v5.xx Configuration File
EED::;;I ) = &Y RT5C Configuration File |
Refresh F5 f“j‘ Other...
Convert Line Delimiters To Ll = . i J—
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2. Code Composer Studio prompts you with a dialog asking you to name the project
(how about my_project) and specify the location of the project. Name your project,
specify the location (your default workspace will do), and click Next.

% New CCS Project X
CCS Project
Create a new CCS5 Project. @

Project name: |my4:uru:ujeu:t |

Use default location

Location: | C:/Documents and Settings /knorman My Documents fi |
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3. The next dialog asks for the project type and configurations. Select ARM as the
project type, check both the Debug and Release configurations, and click Next.

% New CCS Project (%]
Select a type of project
Select the platform and configurations you wish to deploy on @
Project Type: |.-5.Rr~"l b |
Configurations:

&% Debug
B Release -SEIEI:t Al
Desslect Al

[ ]5how all Project Types
[]show all Configurations

Finish Cancel

7 . < Back ” Mext =
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4. The next dialog allows you to define any inter-project dependencies. If your project
will be using driverlib, usblib, or grlib, now is a good time to define that
dependency. Select those libraries and click Next.

% New CCS Project X
Additional Project Settings
Define the inter-project dependencies, if any. @

& Projects | C/C++ Indexer

Referenced Frojects

[ Ezes expanded_key
[ = zes_set key

[ =5 bitband

1 =5 blinky

122 driverlib

[l Ig'l:-enet_l'fvip

] e enet _ptpd

] '[éc-enet_uip
M1 128 anin itan

|2

(£

Finish Cancel

'\':’,' < Back ” [ext =
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5. On the next dialog, select the appropriate Stellaris device, little endian, the T1 code
generation tool, ELF output format, and the rtsv7M3_T le_eabi.lib runtime
library. Click Finish.

% New CCS Project X]
CCS Project Settings )
Select the CC5 project settings, @

Cutput type: |Executable w |

Project settings

Device Variant: |Cu:urtex Ll V| | V| [ Mare... ]

Device Endianness: |Iitt|e w |
Code Generation tools: |T[ w46, 1 W | [ Mare... ]
Qutput Format: |Eal:|i (ELF) W |
Linker Command File: | Im3s3b90. cd - | [ Browse... ]
Runtime Suppart Library: | rtsv M3 _T_le_eabi.lib V| [ Browse,.. ]

[Jtreat as an Assembly-only project

Target content

@ Mone
(") Use DSP/BIOS v5.xx

") Enable RTSC support {required for DSP/BIOS v6.xx, Codec Engine v3.xx, etc.)

':':7:' I Einish ] [ Cancel l

6. A new project has now been created, but the project does not include any source code.
The next step is to add some startup code to the project. Using Windows Explorer,
copy the startup_ccs.c file from an existing example directory in StellarisWare (such
as C:\StellarisWare\boards\<board>\blinky) to your new project directory created
in step 2 above (in your My Documents folder).
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7. Create a new C source file by going to File > New -> Source File.

% C/C++ - Code Composer Studio (Licensed)
F =l Edit View

Mavigate Project Target Tools

Scripks

Window Help

New S Sg [T CCS Project
Mew File... Standard Make Project -
Open File... RTSC Configuration Project -
Close Cirl+ [ Folder
E] — . Iﬁ Header File
S [ File
E’@ A eanres @ Cass
— [#] Target Configuration File
333 DSP/BIOS v5.xx Configuration File
:z:;';nla. ) - &8 RT5C Configuration File
Refresh F5 ¥ Other...
Crmuart | ime Nielimitars T [

8. Inthe dialog box that pops up, name the file main.c and click Finish.

% New Source File

Create a new source file, C )
Source Folder: | my_project | [ Browse. .. ]
Source File: | main.d| |
@ Einish ] [ Cancel
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9. Code Composer Studio will open the main.c file for editing. Add a main() function

to main.c as shown below. Save the file by clicking the k= Save button.

B SRR R CRCE

while (1)

10. Both files, main.c and startup_ccs.c, should have automatically been added to the
project. If not, right-click on my_project in the Project pane, select Add Files to
Project and browse to the files.

= I:.- mv project [Active - Debug]
Fg Indudes

L] main.c

E] startup_ccs.c

L] Im3s3748.cmd

[+

[+

11. Build the new project by selecting Project - Rebuild Active Project.

With your project created, all you really need to do is add your own code. Use the existing
StellarisWare board examples as a reference.
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NOTE: To set up your project to output a binary file (.bin) to be used with tools such as LM
Flash Programmer, copy the post-build step from an existing StellarisWWare example project.

L] Properties for mpu_fault

|lpe filter text | C/C++ Build
H Info | active configuration
i Builders ) =
.. CjC++Buid Project Type: |/
: GfE+ Documentation Configuration: |Debug B | [Manage‘.. ]
o CfC++File Types
CfC++ Indexer Configuration Settings
i CCS Build -
i CCS Debug | Tool Settings | Build Settings | Euild Steps i Error Parsers | Binary Parser || Environment || Macros |
: Project R.efen.ances Pre-biild step:
Refactoring History
Command:
Description:
Post-build step:
Command:
| "S{CCE_INSTALL_ROOT}/utils tiohj 2hin/tiohj 2bin.bat™ "s{BuildartifactFileName} ™ “s{BuildartifactFileBaseMName}.bin™ "S{CG_TOOL_ROOT}/bin/ofd470.exe”™ "s{CG |
Description:
Apply Predefined Step: “ |
[Resbore Qefauhs] [ Apply ]
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Conclusion

You have now installed the Code Composer Studio development tools and used them to build
and load an example application on your Stellaris Evaluation Board. From here, you can
experiment with the debugger or start creating your own application using the example
projects as a reference. For further information on Code Composer Studio, go to the CCS

Developer Site.
Window IIEH

P I Welcome
' CCSv4 Developer Site !
— I:EI Help Contents p—
L int i
3 lmmin &7 Search
: Dryniamic Help

Key Assist,,, Cirl+shift+L

5 Software Updates »
7 Licensing Options...

About Code Composer Studio

Close Code Composer Studio now.

References

The following references are included on the Stellaris Evaluation Kit Documentation and
Software DVD and are also available for download at www.ti.com/Stellaris:

= Stellaris Evaluation Kit User's Manual

= StellarisWare Software, Order Number SW-LM3S

= StellarisWare Peripheral Driver Library User’s Guide, Order Number SW-DRL-UG
In addition, the following website may be useful:

= Code Composer Studio website at http://www.ti.com/ccstudio
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LM Flash Programmer — Installation and Use

Before we run the next lab(s), you’ll need to restore the quickstart application to your board.

This lab will step through the installation and use of the LM Flash Programmer. Steps are

included for the QuickStart applications on both the LM3S3748 and LM3S8962 evaluation Kits.

Quick Set

Flash Programmer

¥3/LM Flash Programmer - Build 819
Configuration | program | Flash Uites | Other Utiites |

‘LM3SET4E USE Host and Device Evaluation Board

ITAG Speed (Hz):

e
——

Idle

w3 Texas INSTRUMENTS

Program pre-built applications
too large for code-size
limited IDEs

No size limitation

Erase/Program/Verify Flash
without an IDE

Command line or GUI support
Debug port recovery

Free on Eval Kit CD or
download
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Hardware list:
> PC

> USB cable

> LM3S3748 or LM3S8962 evaluation kit

Software list:

» Workshop Installation Flash Drive
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LM Flash Programmer Procedure

Drivers
1. Stellarisware Package

If you have not done so already, follow the steps in the QUICKSTART procedure to install the
StellarisWare package for your board(s). This package includes the bin files required to program
the quickstart application into the Flash memory of the microcontroller on your evaluation board.

2. Install the LM Flash Programmer onto your PC

Insert the Workshop Installation Flash Drive into a free USB port on your computer. Using
Windows Explorer, open the Flash drive and double-click on LMFlashProgrammer.msi.

Follow the steps in the Setup Wizard, agreeing to the license and selecting the default
installation folder. When the installation is complete, click Close.

3. Run the Flash Programmer

Make sure that Code Composer Studio is closed ... otherwise CCS and the Flash Programmer
will “fight” for control of the board.

There should be a shortcut to the LM Flash Programmer on your desktop :
double-click it to open the tool. If the shortcut does not appear, go to

Start > All Programs - Texas Instruments 2 LM Flash Programmer

and click on LM Flash Programmer.
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4. Select Your Board

Select your evaluation board, either the LM3S3748 USB Host and Device Evaluation Board or
the LM3S8962 Ethernet and CAN Evaluation Board from the Quick Set pull-down menu
under the Configuration tab.

£ = | ]
*# LM Flash Programmer - Build 819 |ﬂ|ﬂ|§]
Configuration | program | Flash Utiities | Other Utiites
Quick Set
|Manual Configuration - see below .j
Manual Configuration - see below
LM35811 Evaluation Board

Int{LM35 1968 Evaluation Board

LM352955 CAM Evaluation Board

LM353748 USE Host and Device Evaluation Board
LM358965 Ethernet Evaluation Board

LM358962 Ethernet and CAN Evaluation Board
Stellaris@® Development Board

LM359B30 Evaluation Board

LM359832 Evaluation Board

0|LM 359696 Development Board

" Using the Selected Crystal Value: 1 MHz 7
% Using the Specified Single Ended Source Value (Hz): 6000000

Cl

Wi TEXAS INSTRUMENTS

Idle

5. Programming Setup
Click on the Program tab. Click the Browse button and navigate to the bin file for your board:

LM3S3748 QuickStart:
C:\Stellarisware\boards\ek-Im3s3748\gs-scope\ccs\Debug\gs-scope.bin

LM3S8962 QuickStart:
C:\StellariswWare\boards\ek-Im3s8962\gs_ek-Im3s8962\ccs\Debug\gs_ek-Im3s8962.bin

FYI1: There are folders here containing applications which have been built with each supported
IDE.

Make sure that the following checkboxes are selected:

Options
Erasze Method:
{* FErase Entire Flash - {faster)
(" Erase Mecessary Pages - (slower)

[v Verify After Program
[v Reset MCU After Program

Program Address Offset: 0x |0
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6. Program the Flash

Assure that your board is properly connected to your computer’s USB port and the evaluation
boards Debug port. Click the Program button. You should see the programming and
verification status at the bottom of the window. After these steps are complete, the application
should be running on your evaluation kit.

Close the LM Flash Programmer.

ST

You’re done.
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Stellaris® LM3S3748 Evaluation Kit
README FIRST

The Stellaris LM3S3748 Evaluation Kit provides a low-cost way to start designing
applications with Stellaris microcontrollers on a compact and versatile evaluation platform.
The evaluation kit design highlights the LM3S3748 microcontroller’s key features including
USB 2.0 full-speed (12 Mbps) controller, Analog-to-Digital Converter (ADC), and serial
interfaces. The LM3S3748 Evaluation Board (EVB) includes connectors for both embedded
USB Host and USB Device operation.

The LM3S3748 EVB can be used either as an evaluation platform or as a low-cost in-circuit
debug interface (ICDI). In ICDI mode, the on-board microcontroller is bypassed, allowing
programming or debugging of an external target.

Power to the EVB can be supplied through the DC jack, the USB Device connector, or the
USB debug interface connector. A small switch controls whether the board is bus-powered
using the USB Device connector or self-powered using the DC jack or USB debug interface
connector.

WARNING: Do not change the power mode switch while power is applied. Doing so
may damage the switch contacts.

Stellaris One-Day Workshop - LM3S3748 README FIRST 5-



Procedure

Hardware list:
» PC with two USB ports, running Microsoft® Windows 2000, XP, or Vista
» USB cable

> LM3S3748 evaluation kit

Software list:

» Workshop Installation Flash Drive
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Procedure

Initial Board Set-Up

1. Power the EVB

Move the USB power mode switch (SW3) to the SELF position as shown below.

Note: The switch must be placed in the SELF position for the initial board setup to work
correctly.

EVB is Bus Powered
EVB is Self Powered

USB Power Mode Switch (SW3)

2. Connect the USB cable to the board

Using one of the USB cables provided in the kit, connect the mini-b (smaller) end of the USB
cable to the USB debug interface connector labeled DEBUG USB on the EVB.

Note: If the USB cable is not plugged into the DEBUG USB connector, the board will not be
powered and you will not be able to install the FTDI drivers in the next section.

3. Connect the USB cable to your PC
Connect the other end (Type A) of the USB cable to a free USB port on your host PC.
The PC’s USB port is capable of sourcing up to 500 mA for each attached device, which is

sufficient for the evaluation board. If connecting the board through a USB hub, it must be a
powered hub.
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Quickstart Application

The LM3S3748 Evaluation Board comes preprogrammed with a quickstart application.
Once you have powered the board, this application runs automatically. You have proba-
bly already noticed this running as you installed the drivers. A splash screen appears on
the LCD for a few seconds before the application begins.

The quickstart application provides a simple two channel oscilloscope sampling at up to
1M samples per second. The two oscilloscope channels are differential measurement
channels which provide waveform acquisition using the LM3S3748 microcontroller’s
Analog-to-Digital Converter (ADC). The evaluation board includes an oscilloscope
header that contains the two channel differential inputs, two test point pins, and two test
ground pins.

Test Point 1 is connected to the speaker input on the EVB and allows the signal for the
keyboard click to be viewed. Note that waveform capture is typically not taking place
while the keyboard is being serviced so the click may not be seen on the waveform dis-
play for every keypress.

Test Point 2 is connected to the output of a PWM generator set to drive a 1KHz square
wave.

Test Ground Test Point 2
Channel 1- Channel 2+
Channel 1+ Channel 2-
Test Point 1 Test Ground

Rl J
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The EVB has a four-way navigation switch with press-to-select functionality that is used
to configure the oscilloscope. The navigation switch is labeled NAVIGATE on the
board. Rocking the control in the desired direction sends up, down, left, or right mes-
sages to the application and pressing on the center sends the select message.

Controls and settings are arranged into groups by function such as display settings, trig-
ger settings, file operations, and setup choices. These groups are accessed by pressing
select to display the main menu. With the menu displayed, use up and down to navigate
between the available groups. When the desired group is highlighted, press select once
again to dismiss the menu.

Controls from the currently selected group are shown in the bottom portion of the LCD.
Use up and down to cycle through the controls in the group and left and right to change
the value of, or select the action associated with, the control which is currently displayed.

Using the oscilloscope to view Test Point 1 and Test Point 2, make the following connec-
tions using the included jumpers:

1. Connect Test Point 1 to Channel 1+.
2. Connect Test Ground to Channel 1-.
3. Connect Test Point 2 to Channel 2+,
4. Connect Test Ground to Channel 2-.

The connections should look like the graphic below.

Oscilloscope leads connected to test points

LCD Panel
MicroSD card slot
USB Device Connector

USB Host Connector Reset switch

Oscllloscope terminals

5 VDC supply USB interface
input for Debugger
USB Power
Mode Switch
Stellaris
LM3S3748
I JTAG/SWD
Microcontroller )
input and
) output
34-pin 11O
break-out
header
34-pin /O break- Status LED
out header Speaker Navigation switch with press-to-select
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5. The test point signals should now be visible on the LCD. To modify the volts per di-
vision and time per division options, follow these additional steps. Press select to bring
up the main menu, navigate to highlight the Display group, and press select again. The
Display group will be displayed at the bottom of the LCD.

Note: The Display group is the default active group after power-up.

6. Press up or down until the Timebase option is selected and then press left or right to
modify the amount of time per division.

7. Press up or down until the Ch1 Scale or Ch2 Scale option is selected and then press
left or right to modify the number of volts per division for that channel.
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USB Device Mode

The quickstart oscilloscope application can connect to a Windows host machine via USB
where a companion application running on the PC can be used to control the oscilloscope
and display and save the waveforms. In this mode, the LM3S3748 EVB will be operating
in USB device mode.

The first step is to install the necessary USB drivers on the PC.

1. Disconnect the USB cable from the USB connector labeled DEBUG USB if con-
nected.

2. Move the USB power mode switch (SW3) to the BUS position.

3. Connect the mini-b (smaller) end of the USB cable to the USB device connector la-
beled USB DEVICE on the EVB. Connect the other end (Type A) to a free USB port on
your host PC.

4. Windows starts the Found New Hardware Wizard and asks if it can connect to
Windows Update to search for software. Select No, not this time and then click Next.

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windows will search far current and updated software by
looking on your computer, on the hardware inztallabion CO, or on
the Windows Update Web site [with wour permizsion).

Fiead our privacy policy

Can Windows connect to Windows Update to zearch for
zoftware’?

(1 ez, this time only

() es, now and every time | connect a device

Click Mest to continue.

Mewxt » l [ Cancel
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5. Next, the Found New Hardware Wizard asks you from where to find the installa-
tion software. Select Install from a list or specific location (Advanced) and click Next.

Found New Hardware Wizard

Thig wizard helps you install software for:

Luminary Micro Oscilloscope Device

{ ') if your hardware came with an installation CD
<y or floppy disk. insert it now.

What do you want the wizard to do?

O Install the software automatically {Recommended)

(®iinstall from a list or specific location {(Advanced

Click Mext to continue.

[ < Back ]I_H'Z‘Jd'r' ][ Cancel ]

6. Make sure that the Workshop Installation Flash Drive is installed and ready in one
of your laptops USB ports. Select Search for the best driver in these locations, and
check Include this location in the search. Browse on the Flash Drive to the folder
named F:\windows_drivers (the drive letter may be different) and click Next

Found New Hardware Wizard
Please choose your search and installation options. .

(%) Search for the best driver in these locations.

Use the check baxes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

[] 5eanch removable media floppy. CO-ROM...)
Include this location in the search:

F'windows_drivers “ Browse

) Dont search. | will choose the driver to install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

l < Back “ MNead ][ Cancel ]

7. When the driver installation is finished, click Finish to close the dialog box.

Stellaris One-Day Workshop - LM3S3748 README FIRST



Procedure

8. The next step is to install the Windows Oscilloscope application from the Workshop
Installation Flash Drive.

Note: The Windows oscilloscope application only supports WindowsXP and Vista.

Make sure that the Workshop Installation Flash Drive is installed and ready in one of
your laptops USB ports.

9. Using Windows Explorer, open the Workshop Installation Flash Drive, find the
file named SW-USB-win-xxxx.msi and double-click on it.

When the Setup Wizard appears, click Next and Next again to select the default installa-
tion folder. Agree to the license and click Next. Finally click Next to start the installation.
When the installation completes, click Close.

10. After the USB examples have been installed, you can run the Oscilloscope applica-
tion by clicking Start - All Programs - Texas Instruments - Stellaris - USB Example -
LM Oscilloscope.

You should be able to see and control the application on the board using the Windows
application. If you do not see the waveform in the display, disconnect and reconnect the
USB cable on the evaluation board.

Close the Windows application when you are finished.
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USB Host Mode

The quickstart oscilloscope application can also run in a USB Host mode. To run the applica-
tion in USB Host mode, do the following:

1. Disconnect the USB cable from the evaluation board.
2. Move the USB power mode switch (SW3) to the SELF position.

3. Connect the mini-b (smaller) end of the USB cable to the USB debug interface connector
labeled DEBUG USB on the EVB. Connect the other end (Type A) to a free USB port on
your host PC.

4. Press select to bring up the main menu, navigate to highlight the Setup group, and press
select again. The Setup group will be displayed at the bottom of the LCD.

Press up or down until the USB Mode option is selected and then press left or right to
switch to Host mode.

Note: We have had some issues with a recent revision of the quickstart application when
switching to host mode. If the application appears to freeze at this point, you will need to re-
flash the application. The flash programmer lab in chapter 6 will step you through this proc-
ess.

In USB Host mode, the quickstart application can save waveforms to a USB flash memory
stick or a Micro-SD card. The waveform files can be saved in bitmap (.bmp) or as comma
separated value (.csv) formats. The LM3S3748 Evaluation Kit includes a USB flash memory
stick, but a Micro-SD card is not included.

To save waveforms to the USB flash memory stick, do the following:

5. Plug the USB memory stick into the USB HOST connector. You should see a USB drive
detected message on the LCD.

6. Press select to bring up the main menu, navigate to highlight the File group, and press
select again. The File group will be displayed at the bottom of the LCD.

7. Press up or down until the BMP on USB option is selected, and then press left or right
to save the bitmap waveform file to the USB memory stick.

8. Press up or down until the CSV on USB option is selected, and then press left or right to
save the comma separated value waveform file to the USB memory stick.
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Where to Find More Information

For more information on the LM3S3748 Evaluation Kit, see the Stellaris LM3S3748 Evalua-
tion Kit User’s Manual.

For more information on the LM3S3748 Evaluation Kit Quickstart Oscilloscope Application,
see the Stellarisware® Driver Library User’s Guide in the LM3S3748 Evaluation Kit’s Ex-
ample Applications section.

The above mentioned documents can be found on the Stellaris LM3S3748 Evaluation Kit CD
or at the www.ti.com/Stellaris web site.

Software Development Tools

The next step is to install and run the software development tools included in the evaluation
kit. For more information, see the quickstart guides included on the Stellaris LM3S3748
Evaluation Kit CD. Additional tools may be available through the www.ti.com/Stellaris web
site.

References
The following references are included on the Stellaris LM3S3748 Evaluation Kit Documen-
tation and Software CD and are also available for download at www.ti.com/Stellaris:

o Stellaris LM3S3748 Evaluation Kit User's Manual
o StellarisWare Driver Library
o Stellarisware Driver Library User’s Guide

e Stellaris LM3S3748 Microcontroller Data Sheet

ST

You’re done.
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*** one more blank page ***
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Stellaris® LM358962 Evaluation Kit
README FIRST

The Stellaris LM3S8962 Evaluation Kit for Ethernet and CAN provides a low-cost way to
start designing Ethernet and controller area network (CAN) applications with Stellaris
microcontrollers. The LM3S8962 Evaluation Board (EVB) can function as either a complete
evaluation target, or as a debugger interface to any external Stellaris device. The included
USB cable is all that is needed to provide power and communication to the host PC.
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Hardware list:
» PC with a USB port, running Microsoft® Windows 2000, XP, or Vista
» USB cable

> LM3S8962 evaluation kit

Software list:

» Workshop Installation Flash Drive
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Procedure

Initial Board Set-Up

1. Connect and power the EVB

Connect the LM3S8962 Evaluation Board to the LM3S2110 CAN Device Board using the
10-way ribbon cable included in the kit. The cable inserts into the header labeled CAN on
each board.

Note: Do not connect the larger 20-pin ribbon cable between the two boards. This will enable
JTAG debugging of the LM3S2110. You could inadvertently overwrite the code in the de-
vices flash memory.

To power the EVB, use the USB cable supplied in the kit. Connect the mini-b (smaller)
end of the USB cable to the connector labeled P4 on the EVB. Connect the other end
(Type A) to a free USB port on your host PC. A PC’s USB is capable of sourcing up to
500 mA for each attached device, which is sufficient for the evaluation board. If connect-
ing the board through a USB hub, it must be a powered hub.
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Quickstart Application

The LM3S8962 Evaluation Board comes preprogrammed with a quickstart application. Once
you have powered the board, this application runs automatically. You have probably already
noticed this running as you installed the drivers. A splash screen appears on the OLED dis-
play for a few seconds before the application begins.

The quickstart application is a game in which you navigate a character through a maze. Use
the directional push buttons to move the character, and the user pushbutton (SELECT) to fire
a missile to destroy the monsters. Score accumulates for maze progress and the number of
monsters destroyed. The game lasts for only one character “life,” the score displays at the end
of the game.

Since the OLED display on the evaluation board has burn-in characteristics similar to a CRT,
the application also contains a screen saver. The screen saver only becomes active if two
minutes have passed without the user pushbutton being pressed while waiting to start the
game (that is, the screen saver never appears during game play).

After two minutes of running the screen saver, the display turns off and the user LED blinks.
Exit either mode of screen saver by pressing the user pushbutton (SELECT). Press the but-
ton again to start the game.

The LM3S8962 Evaluation Board uses the CAN module on the LM3S8962 to communicate
with the included CAN device board. During game play, the volume is adjusted by using the
up and down buttons on the CAN device board. The Status LED on the CAN device board
will blink during various portions of the quick start application.

The LM3S8962 microcontroller contains an integrated Ethernet controller, which is also used
by the game. During the game, a user can attach the board to a LAN. If there is a DHCP
server present on the LAN, the board attempts to obtain an IP address from the DHCP server.
After about a minute, if no DHCP server is found, the board defaults to an IP address dis-
played at the bottom of the main game screen. To view the web page you must configure
your host machine to be on the same subnet as the board. If connecting to a LAN, your PC’s
configuration should match the board’s, except for the last 3 digits of the address. In most
cases, if you connect the board directly to your PC, your machine automatically detects the
correct IP address and subnet settings after several seconds.
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1. PC Networking Changes

After 30 seconds or so, you should see an IP address at the bottom of the OLED display. This
is the IP address of the LM3S8962 Ethernet interface.

If you have a 802.11, AirCard™, 3G or other wireless Internet connection, disable it at this
time. We want to guarantee that your browser makes its connection attempt through the
Ethernet cable. Connect the provided Ethernet cable to your PC and the 8962 board.

If you have problems connecting to the board in later steps, you may need to disable your
firewall software.

Since there is no DHCP server present to allocate an address to the Ethernet port on the
LM3S8962 board, the IwlIP stack has defaulted to a preprogrammed IP address. In order to
communicate, we need to provide the PCs Ethernet port a suitable address. Depending on the
OS that you’re using, the following procedure may be slightly different.

Go to Start - Control Panel - Network Connections - Local Area Connection. Click
the Properties button. When the Local Area Connection Properties window appears, scroll
down until you see Internet Protocol (TCP/IP) like shown below:

-i- Local Area Connection Properties

General | Authentication | Advanced

Connect using:

E@ Broadcom MetXtreme 5ot Gigabit C

This connection uses the following items:

T iPass Protocol {IEEE 802.1x)v2.3.1.9 ~
T Cisco Discovery Protocol Packet Driver

1 3y Intemet Protocol (TCP/IP)

b

< >
Description

Transmission Contral Protocol/Intemet Protocol. The defautt
wide area network protocol that provides communication
across diverse interconnected networks.

Show icon in netfication area when connected
Motify me when this connection has limited or no connectivity

0K ] [ Cancel
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Click the Properties button. When the Internet Protocol (TCP/IP) Properties window
appears, make a mental (or other) note of the settings you see, then make the selections shown
below (if your boards’ IP address was different, simply make sure that the first three fields are
the same as shown on the OLED, and the fourth is different):

Internet Protocol (TCP/IP) Properties

General |

You can get |P settings assigned automatically if your network supports
this capability. Ctherwise, you need to ask your network administrator for
the appropriate IP settings.

(0) Obtain an IP address automatically
(%) Use the following IF address:

IP address: 169 . 254 . 254 100
Subnet mask: 255255 . 0 . 0
(3) Use the following DNS server addresses:
[ OK l ’ Cancel ]

Click OK. Close the Local Area Connection Properties and Local Area Connection
Status windows.
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2. Start your browser
Start your web browser, and enter the address shown on your OLED display and press
Enter. A web page, like the one below, served from the LM3S8962 should appear.

Stellaris® LM3S8962 Evaluation Kit
@ UMINARYMICRO
5 Al arsayifato [:J VOJ\;J[I’]‘HEI |E| | AutoRefieshlsOn | | Refiesh Now

» About the Stellaris Family

» Block Diagram

» Quick Start Game Demo

If the maze image above appears as a gray box on your browser, you likely do not have
Java installed on your PC. Look on the flash installation drive and run the
jre-6ul7-windows-i586-s.exe Java offline installation file.
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3. UART Connection
While the game is being played, a running tally of the score is output through UARTO
of the LM3S8962 microcontroller. UARTO is connected to the FTDI’s second serial
channel. This serial channel is available to Windows as a Virtual COM port. To de-
termine which COM# Windows has assigned to the Virtual COM port on the
LM3S8962 board, follow these steps:

From the Start Menu, select Control Panel, then double-click the System icon.
Select the Hardware tab.

Click on the Device Manager button.
Click on the + symbol to expand the Ports (COM & LPT) group.
Stellaris Virtual COM Part (COM#) is listed as shown in the figure below. This COM#

is the device you connect to using your terminal application. In this example, the COM
port is COM34.

L, Device Manager

File Acton VWiew Help

m 2

+ :_g Monitors A
+- B8 Network adapters
+- [{ PCMCIA adapters
= Ports (COM &LPT)
# Communications Port (COM1)
7 ECP Printer Port (LPT1)
# RIM vVirtual Serial Port v2 (COM4)
néf RIM Virtual Serial Port v2 (COMS)
(;y' Stellaris Virtual COM Port (COM34)
- Toshiba BT Port (COM10)
- Toshiba BT Port (COM11)
- Toshiba BT Port (COM12)
- Toshiba BT Port (COM13)
- Toshiba BT Port (COM14)
- Toshiba BT Port {COM20)
- Toshiba BT Port {COM21)
- Toshiba BT Port (COM40)
& Toshiba BT Port (COMS)
- Toshiba BT Port (COM7)
-5 virtual IR COM Port (COM22)
+ @ Processors "

To view the score, open up a terminal application on your PC such as HyperTerminal
(usually found under Start - All Programs - Accessories - Communications ).

Give the connection a name like Temp, then connect using COM#, where # is the number
Windows has assigned the Virtual COM port. Set the serial connection to a baud rate of
115200, 8 data bits, no parity, 1 stop bit, and no flow control.
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Your HyperTerminal window should look something like this:

“& temp - HyperTerminal

EEX

File Edit View Call Transfer Help
O = & DH
Mew | L)
0B1015_
L%
£ >
Connected 0:01:10 Auto detect 115200 8--1

If you have problems running HyperTerminal, open Code Composer Studio and, from the Menu
bar, click Window = Show view = Other... . Click the + next to the Terminal folder and

select Terminal. Click OK. At the top of the Terminal pane, click Settings El . Change the
Connection Type to Serial and use the settings shown above.

References

The following references are included on the Stellaris LM3S8962 Evaluation Kit Docu-
mentation and Software CD and are also available for download from

www.ti.com/Stellaris :

e Stellaris LM3S8962 Evaluation Kit User's Manual

e StellarisWare® Driver Library

e StellarisWare® Driver Library User’s Manual

e Stellaris LM3S8962 Microcontroller Data Sheet

ST

You’re done.
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*** another blank page ***
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CAN Peripheral Module

Introduction

This module covers the CAN peripheral, library and examples provided with the LM3S8962
evaluation Kkit.

Learning Objectives

e CAN Basics

Ethernet vs. CAN

CAN Drivers

CAN Stacks

e Lab
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Module Topics
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CAN Basics

Controller Area Network (CAN)

A Multi-Master Serial Bus System

¢ Bosch CAN 2.0 A/B Standard
¢ High speed (up to 1 Mbps)

¢ Addanode without disturbing the bus (number of nodes not
limited by protocol)

¢ Fewer wires (lower cost, less maintenance, and more
reliable)

¢ Redundant error checking (high reliability)
¢ Nonode addressing (message identifiers)
¢ Broadcast based signaling

2
® o

CAN Bus

CAN Bus

¢ Two wire differential bus (usually twisted pair)

¢ Max. bus length depend on transmission rate
+ 40 meters @ 1 Mbps

CAN CAN CAN
NODE A NODE B NODE C

1200 1200
CAN_L

CAN Node ...
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CAN Node
CAN Node
Wired-AND Bus Connection
CAN_H
120Q [:] [:] 1200
A CAN_L
CAN Transceiver
(e.g. TI SN65HVD23x)
\ \
TX RX

CAN Controller
Ex. LM3S8962

Principles ...

CAN Principles

Principles of Operation

¢ Data messages transmitted are identifier based,
not address based

¢ Content of message is labeled b{ an identifier that
iIs unique throughout the networ
+ (e.g.rpm,temperature, position, pressure, etc.)

¢ All nodes on network receive the message and
each performs an acceptance test on the identifier

¢ If message is relevant, it is processed (received);
otherwise itis ignored

¢ Unique identifier also determines the priority of the
message

+ (lower the numerical value of the identifier, the higher the
priority)
¢ When two or more nodes attempt to transmit at the
same time, a non-destructive arbitration technique
guarantees messages are sent in order of priority
and no messages are lost

MSG Format ...

12-4 Stellaris One-Day Workshop - CAN Peripheral



CAN Basics

Message Format

CAN Message Format

¢ 8byte data payload per message
¢ Standard and Extended identifier formats

& Standard Frame: 11-bit Identifier (CAN v2.0A)

Arbitration Control

Field Field Data Field

¢ Datais transmitted and received using Message Frames

11-bit |R

S | E
O | 1dentifier ; IE r0| pLc | 0..8Bytes Data | CRC | ACK | O
F F

Control

¢ Extended Frame: 29-bit Identifier (CAN v2.0B)

Arbitration Field Field Data Field
g w-bit [S|'| 18bit |R E
Identifier | R |D | identifier | T [2{70] DLC | 0...8Bytes Data | CRC [ACK | O
F R R E
Arbitration ...

Arbitration

wired-AND bus connections
+ Dominate state (logic O, bus is high)
+ Recessive state (logic 1, bus is low)

Start

Non-Destructive Bitwise Arbitration

¢ Bus arbitration resolved via arbitration with

o
Node A ™ P i Node A wins
NodeB ~_[ L J: %’

CANBus TLILif1i

Node B Iosesj *\‘_ Node C loses
arbitration arbitration

MSG Types ...
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Message Types

CAN Message Types

Data Frame

+ “Hello everyone, here’s DATA ALPHA, hope you like it!”
Remote Frame

+ “Hello everyone, can somebody please produce DATA ALPHA?”
Error Frame

+ [Everyone out loud] “Uh-oh! Whoever sent that, let’s try again.”
Overload Frame

+ “l'heard you, but I'm bigger than you —and | am busy. Can you please
wait?”

CAN networks hear everything... when a node sends something, everyone listens
and they either REACT or IGNORE

¢ There are two types of transmissions; event-triggered and time-triggered.

« Inevent-triggered, events (such as a temperature threshold) cause
transmission.

+ Intime-triggered, each CAN-entityis only allowed to transmit during a
given time allotment.

+ Stellaris features the ability to disable auto-retransmission for the benefit of
TTCAN (so our device doesn’t speak during someone else’s turn)

MSG Objects ...

Message Objects

Message Objects (Mailboxes)

¢ Message main parts: message identifier and data

+ ldentifier “names” the content of the message (11 bits
or 29 bits)

+ Datacan befrom 0to 8 bytes (O=remote frame)

¢ Messages are:

+ Received by protocol controller

+ Passed to message handler

+ Loaded into appropriate message object

+ Messages can be filtered (ignored) using a mask
¢ Message object RAM

+ 32identical blocks

+ Ordered by priority (1 is highest, 32 lowest)

+ Application reads/writes Message RAM via the
message object registers, not accessible directly

FIFO Mode ...
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FIFO Mode

FIFO Mode

You can “concatenate” muItiﬁle message
objects (saves interrupt overhead for
messages larger than 8 bytes)

Set the identifier and mask to be the same
value

Data is filled starting with the highest
priority message object (1to 32)

EOB bit (End of Buffer) set to 1 in last
object (0 indicates this object belongs to
a FIFO)

Enet vs CAN ...

Ethernet vs. CAN

Ethernet vs CAN

PRO CON
CAN Robust, deterministic, real-time | Slower, notas widely
adopted on HMI*-side
of industrial control
Ethernet Standardization in traditional Non-real-time, non-
office equipment, web-interface | deterministic
capability, high throughput
¢ Both CAN and Ethernet (together and independently) have

viable benefits in industrial applications

Gateways and floor terminals tend to be the most common
places for CAN+Ethernet solutions

An ARM Cortex-based Ethernet hub means code
compatibility throughout the entire system

* Human-Machine Interface

Stellaris CAN ...
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Stellaris CAN

Stellaris Integrated Controller Area Network (CAN)

Main Features

Up to 3 Bosch-licensed CAN controllers

Each supports CAN protocol version 2.0 part A/B

Bit rates up to 1Mb/s

32 message objects, each with its own identifier mask
Maskable interrupt

Disable automatic retransmission mode for Time Triggered
CAN (TTCAN)

Programmable loop-back mode for self test operation

also provides

Over 50 CAN-enabled Stellaris® ARM® Cortex ™-M3
microcontrollers
The EK-LM3S2965 CAN-network-in-a-CAN evaluation kit

'II('_h e EK-LM3S8962 CAN-network-plus-Ethernet evaluation
It

Access to CAN quickstart applications and software
examples from renowned CAN stack providers.

MCUs ...
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Kits and Software

Ethernet+CAN Connected MCUs

Memory and Core General Purpose Motion Serial Intefaces
SD

eed Timer Modules  Control g

PWM = 3 ADC (10bit) @ 2

— g ‘” =3 [ [ o =

lat |3 L4 Exlo|o| 2 _ &1 _s| 5/ spkEP S

8|25l 58 dololal8lo|2EB|5] & |o|olz]al 2l 5. 25|58 28 |- 8| 2 fEIINE
S|sEdaEc8s S A 23 |z glojoel e E2 |2 E|Sk]|2a| e ?

4 4351857 e8|z |8 E[o]|ad|ylz| 2 “lz|=25|lo8 | Eg (35| EE|Re SIED

s|gPHs<kEs g = Sls gxluizl = |P %} Bl |58 (98|<E|PE|R S

LloF | = ozl [8=2|¢ @ 5|82 2% 8| §|& &

& 9 E E

10-LGFP
LM3S8(0s 2% | 64 50 al8fl1|e]2|6|1]2|2 |2 |3 3|2]2 8 Jw00| 2 |2 | 3 46| 2 |Tonnon
LM3S9(00s 2%| 967 [100| 2 |4|8|2|8|2|8|4)2|2 |2 |2|omp|3|2]2]>]| 16 |1000| > |2 | 3| 7 |65]|2 |100-LGFP

+ First MCUs featuring fully integrated 10/100 Ethernet MAC+PHY and up to 3
Bosch CAN 2.0 A/B MACs
+ |EEE 1588 Precision Time Protocol hardware assist

— Stellaris LM3S8962 MCU with fully-integrated CAN module
— OLED graphics display with 128 x 64 pixel resolution

— User LED, navigation switches, and select pushbuttons

— Magnetic speaker

— LM3S8962 I/O available on labeled break-out pads

— Standard ARM® 20-pin JTAG debug connector with input and
output modes

¢ Standalone CAN device board using Stellaris LM3S2110
microcontroller

¢ Ethernet cable, CAN ribbon cable, USB and JTAG cables

Stellaris LM3S8962
Evaluation Kit

CAN Connected MCUs

PWM ] © ADC (10bif " 2
~|a PN [ T2 |5x]2]e] & - e |88 513 o
9|z SE2BElEEYa]o|e]8 sz|8 o & 218 |2zl g|2c|=8]|2 o
< e -mmFFEé.n- 2 |m lz] 2 |z |o|g|e T - elsElef (25| -1
slzedesbsselseYs|z]zle o2 slulzl 3 |2 (215 [L18cela gl 1P 5l2g|o 3
3z s2E8ds|srgo]l= R 2 ? -8 2 o
8|S PYE-Ex g2 H == wl< 5 a 25|15 ¢lz R El<ec6]a
€16 F 5[ 98 |eF s|E| 1E%[]°] & ] B N SR
£ |3 g < =
641 QFP
256 96 |7 80 ? 8l2]8]? 8l 4|2 2 32|22 16 1000f 7 ? 3 7 ? |100LQFP|
108BGA
64-LQFP
256 96 7 80 ? 4|8|2])8)2 8l4a|2 2JOHIDy 3| 2| 2|2 16 J1000f 2 ? 3 7 |2 1004 QFP|
1001 QFP|
256 64 | - 50 - 418|162 6l1|2]| 2 213 - 3(2|2]|- 8 1000f 2 ? 3 - 46| 7 108BGA
256 9% 2| 100 ? 4 8 2|82 8l4a 2| 2 2 |2 |omHipl 3 2 2 2 16 1000 2 ? 3 7 &5‘7 IOC»{QFPI

+ Featuring up to 3 Bosch CAN 2.0 A/B CAN MACs
< Independent CAN buffer allows simultaneous CAN usage with all other peripherals

Stellaris LM3S2965 — OLED graphics display with 128 x 64 pixel resolution
Evaluation Kit — User LED, navigation switches, and select pushbuttons

— Magnetic speaker

— LM3S2965 I/0 available on labeled break-out pads

— Standard ARM® 20-pin JTAG debug connector with input
and output modes

¢ Standalone CAN device board using Stellaris
LM3S2110 microcontroller

@ CAN ribbon cable, USB and JTAG cables

Drivers ...
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Drivers

StellarisWare CAN Drivers

APIs ...

APlIs

Stellaris CAN APIs: Initialization and Interrupts

¢ Initialization
+ CANInit()
+ CANBItTimingSet(), CANBIitTimingGet()
+ CANBiItRateSet()
+ CANEnable(), CANDisable()
+ CANRetrySet(), CANRetryGet()
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Stellaris CAN APIs: Message Objects and Status

¢ Message objects
+ CANMessageSet()
+ CANMessageClear()
+ CANMessageGet()

¢ Status
+ CANStatusGet()
+ CANErrCntrGet()

Code Example ...

Code Example

Code Example — CAN Initialization

¢ CAN interfaces must be initialized in both applications
+ LM3S8962 board — qs_ek1m3s8962 project
+ LM3S2110 board — can_device-gs project

// Configure CAN pins
SysCtlPeripheralEnable(SYSCTL PERIPH GPIOD);
GPIOPinTypeCAN(GPIO_PORTD BASE, GPIO PIN_O | GPIO_PIN_1);

// Enable the CAN controllers
SysCtlPeripheralEnable(SYSCTL _PERIPH CANO);
CANINnit(CANO_BASE) ;

// Configure the clock rate 8MHz, bit rate set to 250K bits/sec
CANBitRateSet(CANO_BASE, 8000000, 250000);

CANEnable (CANO_BASE) ;

// Enable interrupts from CAN controller
CANIntEnable(CANO_BASE, CAN_INT_MASTER | CAN_INT_ERROR);

// Set up the message objects that will receive all messages
CANConfigureNetwork();

// Enable interrupts for the CAN in the NVIC
IntEnable (INT_CANO) ;
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Message Objects Used in QS Application

¢ Four CAN message objects are used in gs_ek-im3s8962 app
(can_net.c file)

+ g_MsgObjectButton —receives button messages (Rx interrupt
enabled) note: there are two buttons, and two events (press & release)

+ g_MsgObjectLED —sends LED brightness (Tx interrupt enabled)
+ g_MsgObject Tx —sends commands to 2110 (Tx interrupt enabled)
+ g_MsgObjectRx —receives commands from 2110 (Rx interrupt enabled)

¢ The “Message Oblject #” selects one of 32 locations in message
object memory, also determines priority (lower # is higher)

¢ The “Message ID” is the 11-bit or 29-bit message identifier, in this
application, no masking is needed or enabled

mem] oo ege]  gmho
1 |MSGOBJ_NUM_BUTTON 0x10 | MSGOBJ_ID_BUTTON
2 |MSGOBJ_NUM_LED 0x12 |MSGOBJ_ID_LED
3 |MSGOBJ_DATA TX 0x20 | MSGOBJ_ID_DATA TX
4 |MSGOBJ_DATA RX 0x21 | MSGOBJ_ID_DATA RX

Code Example — Configure Receive Object

¢ LM3S8962 board receives “button” messages from
LM3S2110 CAN device board

¢ g MsgObjectButton structure is initialized in can_net.c
as follows:

// Set the identifier and mask for the button object
g_MsgObjectButton.ulMsgID = MSGOBJ_ID_BUTTON;
g_MsgObjectButton.ulMsgIDMask = 0O;

// This enables interrupts for received messages
g_MsgObjectButton.ulFlags = MSG _OBJ_RX INT_ENABLE;

// Set the size of the message and the data buffer used
g_MsgObjectButton.ulMsglLen = 2;
g_MsgObjectButton.pucMsgbata = g_pucButtonMsg;

// Configure the Button receive message object

CANMessageSet(CANO_BASE, MSGOBJ_NUM_BUTTON,
&g MsgObjectButton, MSG_OBJ_TYPE_RX);

12-12
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Code Example — Configure Transmit Object

b0 LMd382110 board sends “button” messages to the LM3S8962
oar

¢ g _MsgObjectButton structure is initialized in can_device _gs.c
as follows:

// This is the message object used to send button updates. This
// message object will not be “set” using CANMessageSet right now
// as that would trigger a transmission

g MsgObjectButton.ulMsglD = MSGOBJ_ID BUTTON;

g MsgObjectButton.ulMsglDMask = 0;
// This enables interrupts for transmitted messages.

g MsgObjectButton.ulFlags = MSG_OBJ_TX_INT_ENABLE;
// Set message length, which should only be two bytes and the
// data is always whatever is in g _pucButtonMsg

g MsgObjectButton.ulMsgLen = 2;

g MsgOb jectButton.pucMsgData = g_pucButtonMsg;

Code Example — Transmit Button Object

¢ LM3S2110 board transmits a button message to the 8962 using
g_MsgObjectButton

¢ g MsgObjectButton has already been initialized except for the
two bytes of data containing the event (press or release) and specific
button (up or down)

¢ Oncedata is set, CANMessageSet() is called to transmit the
message

// ucEvent can be EVENT_BUTTON PRESS (0x10)
// or EVENT_BUTTON_RELEASED (0x11)
g MsgObjectButton.pucMsgData[0] = ucEvent;
// ucButton can be TARGET_BUTTON_DN (1)or TARGET_BUTTON_UP (0)
g MsgOb jectButton.pucMsgData[1] = ucButton;
// send the message
CANMessageSet (CANO_BASE ,MSGOBJ_NUM_BUTTON, &g MsgObjectButton,
MSG_OBJ_TYPE_TX);

Stellaris One-Day Workshop - CAN Peripheral
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# 8962 board receives a button message from the 2110 usin
g_MsgObjectButton in the interrupt handler CANHandler()
CANHandler(void)
{
unsigned long ulStatus;
// Find the cause of the interrupt, if it is a status interrupt then just
// acknowledge the interrupt by reading the status register.
ulStatus = CANIntStatus(CANO_BASE, CAN_INT_STS_CAUSE);
switch(ulStatus)
{
case MSGOBJ_NUM_BUTTON:
{
// Read the Button Message.
CANMessageGet(CANO_BASE, MSGOBJ_NUM_BUTTON, &g MsgObjectButton, 1);
// . . . Rest of the code to handle the button message
break;
¥
// all other cases: MSGOBJ_NUM_LED,MSGOBJ_NUM DATA TX,MSGOBJ_NUM_DATA RX
b
CANIntClear (CANO_BASE, ulStatus);
¥ Stacks ...

Stacks

CAN Stacks

¢ The main two protocols used in CAN-based
designs are CANopen and DeviceNet

+ Other protocols include POWERLINK, EtherCAT,
Profinet, EtherNetIP and also TCP/IP

Micripn pﬂl‘t

Empowering embedded

R'E A L
T I M E
AUTOMATION

Lab ...
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CAN Lab

Description:

We’ll use the LM3S8962 eval board and the LM3S2110 CAN device board to investigate CAN
communication.

LM3S8962 EVM

2

¢ LM3S2110 CAN Device board

¢ 10-pin CAN cable (not the 20-pin JTAG cable)
¢ USB cable
2
2

Buttons on device board send CAN volume messages
Select button on LM3S8962 board lights device LED
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Hardware list:

v' LM3S8962 Evaluation Board

v' LM3S2110 CAN device board

v" 10-pin CAN ribbon cable

v’ 3 meter, 4 pin, USB Type A-M to mini-USB Type B-M

Software list:

v Code Composer Studio 4.1
v' LM3S8962 software examples
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Procedure

Open the IDE

Open Code Composer Studio and create a workspace_8962CAN workspace (we’re
using a new workspace for each lab to prevent issues and learn the steps by repetition).
Close the Welcome screen if it appears. Click the C/C++ Perspective button to make sure
that you’re in the editing perspective.

Import driverlib

From the menu bar, click on Project, and then select Import Existing CCS/CCE Eclipse
Project. When the Import dialog appears, browse to the root directory of the driver library
(C:\Stellarisware\driverlib). Click OK. Be sure that the checkbox next to driverlib in
the Project pane is checked and that Copy projects into workspace is unchecked. Click
Finish.

Import the CAN project
From the menu bar, click on Project, and then select Import Existing CCS/CCE Eclipse

Project. When the Import dialog appears, browse to the root directory of the quickstart
project (C:\Stellarisware\boards\ek-Im3s8962\gs_ek-Im3s8962). Click OK. Be sure
that the checkbox next to gs_ek-Im3s8962 in the Project pane is checked and that Copy
projects into workspace is unchecked. Click Finish.

4. Open can_net.c for editing
When the project has finished importing, close any open editor windows. Maximize the
IDE window if you haven’t already and expand the gs_ek-Im3s8962 folder in the

Projects pane.

Double-click on can_net.c to open it for editing.

can_net.c is made up of several modules:

CANMain()

CANGetTargetVersion()
CANUpdateTargetLED()
CANConfigureNetwork()

CANHandler()

CANConfigure()

Handles connection to the other device and incoming messages
Retrieves the target board’s firmware version

Sends message to set brightness of the LED on the target board
Configures message objects used

CAN interrupt handler

Configures the CAN h/w and interrupts
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As long as you’re poking around in the CAN code, here are some of the important objects to
look for:

Message Object Structure

typedef struct

{

unsigned long ulMsgID;
unsigned long ulMsglDMask;
unsigned long ulFlags;
unsigned long ulMsgLen;
unsigned char *pucMsgData;

}
tCANMsgODbject

Members:

ulMsgID The CAN message identifier used for 11 or 29 bit identifiers.
ulMsglDMask The message identifier mask used when identifier filtering is enabled.
ulFlags This value holds various status flags and settings specified by tCANObjFlags.
ulMsgLen This value is the number of bytes of data in the message object.
pucMsgData This is a pointer to the message object’s data.

Description:
The structure used for encapsulating all the items associated with a CAN message object in
the CAN controller.

tCANODjFlags — these are the flag bits in the CAN message object

MSG_OBJ_TX_INT_ENABLE This indicates that transmit interrupts should be enabled, or

are enabled.

MSG_OBJ_RX_INT_ENABLE This indicates that receive interrupts should be enabled, or

are enabled.

MSG_OBJ _EXTENDED_ID This indicates that a message object will use or is using an extended
identifier.

MSG_OBJ_USE_ID_FILTER This indicates that a message object will use or is using filtering
based on the object’s message identifier.

MSG_OBJ_NEW_DATA This indicates that new data was available in the message object.
MSG_OBJ DATA _LOST This indicates that data was lost since this message object was

last read.

MSG_OBJ_USE_DIR_FILTER This indicates that a message object will use or is using filtering
based on the direction of the transfer. If the direction filtering is used, then ID filtering

must also be enabled.

MSG_OBJ_USE_EXT_FILTER This indicates that a message object will use or is using message
identifier filtering based on the extended identifier. If the extended identifier filtering

is used, then ID filtering must also be enabled.

MSG_0OBJ _REMOTE_FRAME This indicates that a message object is a remote frame.
MSG_OBJ_NO_FLAGS This indicates that a message object has no flags set.
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5. Test the current software
Before we change anything, let’s make sure that the project works as it is. Connect your
8962 board to your laptop. From the menu bar, click Project and then select Build Active
Project. Sometimes it’s handy to build the project and check for errors without attempting
to load it to Flash memory.

6. Debugand Run
When the build completes, we need to load the program to the board and start the
debugger. Click Target on the menu bar, then click Debug Active Project or you can

simply click the b Debug button.

The program will load to the 8962 Flash memory and the perspective will switch to

Debug. Click the " Run button to start program execution. The maze game on the
OLED display should appear and the speaker should emit the game sounds.

7. Back to the Editor
Click the C/C++ Perspective button (in the upper right) to return to the editor. Page down
and find the CANHandler() module in can_net.c . This module handles the interrupt
caused by received CAN messages. When you have more time, you can look at where
those messages were sent by exploring the can_device_gs project that runs on the
LM3S2110.

8. Look at CANUpdateTargetLED()
We’d like to add some code that will turn the LM3S2110 board status LED on when the
up button is released and off when the down button is released.

If you haven’t looked closely at the CANUpdateTargetLLED() module, now would be a
good time to do so. Note that there are two passed parameters:

ucLevel Oisoffand 1ison
bFlash true flashes the LED, false does not

Calling CANUpdateTargetLED() with the correct parameters sends a CAN message
from the LM3S8962 board to the LM3S2110 board.
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9. Add some code

Find the CANHandler() module and note how AudioVolume() is called to alter the game
volume. Add the calls to CANUpdateTargetLED() as shown below:

iT(g_MsgObjectButton.pucMsgData[1l] == TARGET_BUTTON_UP)

}
//

//

// Adjust the volume up by 10.

//

AudioVolumeUp(10);

CANUpdateTargetLED(1, false); //LED ON

// Check 1T the down button was released.

//

iT(g_MsgObjectButton.pucMsgData[1l] == TARGET BUTTON_DN)
{

break;

//

// Adjust the volume down by 10.

//

AudioVolumeDown(10);

CANUpdateTargetLED(0, false); //LED OFF

12-20
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10. Change Preferences
It would be nice not to have to Build and Debug in two separate steps. We can change a
selection so that clicking on Debug will rebuild the project if needed.

On the menu bar, click Window, then Preferences. Click on the + next to CCS, and then
click on Debug. Check the Rebuild the program (if required) before loading checkbox.
Click OK

11. Build/Load/Run

Click the i Debug button. Save the changes to can_net.c and reload the .out file when
prompted. The project will automatically build and load to the 8962 Flash memory.

Change the perspective to Debug. Click the ™ Run button to start program execution.
The maze game on the OLED display should appear and the speaker should emit the game
sounds.

12. Testing our changes
After you click the resume button, don’t touch the up/down buttons until Press Select To
Play appears on the OLED. At that point, pressing the up button on the LM3S2110 sends
a VolumeUp CAN message to the LM3S8962 board, which then responds by sending a
CAN message to turn on the status LED on the LM3S2110 board. The down button
works in a similar fashion to turn the LED off.

If you wait too long and the screen saver appears, press the Select button on the
LM3S8962 board to exit the screen saver mode.

13. Remove changes
Go back to the C/C++ perspective and edit the can_net.c file. Comment out the two lines
that you added to the code. Build/Load/Run again to make sure you’ve removed the
changes.

Remember that the QuickStart application has been replaced by this application. You can
reprogram it at any time with either Code Composer Studio or the Flash Programmer.

ST

You’re done
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*** A mind is the only thing that can really be blank ***
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Ethernet Peripheral Module

Introduction

This module covers the Ethernet peripheral, library and examples provided with the LM3S8962
evaluation Kkit.

Learning Objectives

e Ethernet MAC and PHY

Stellaris implementations

Choosing a stack

Open source stacks

e Lab
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Module Topics
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Common Protocols

Five-Layer TCP/IP Model - Common Protocols

Application Layer: DHCP, DNS, FTP, HTTP, IMAP4, IRC, NNTP,
XMPP, POP3, RTP, SIP, SMTP, SNMP, SSH, TELNET, RPC, RTCP,
RTSP, TLS (and SSL), SDP, SOAP, GTP, STUN, NTP, etc...

Transport Layer: TCP, UDP, 'DCCP, SCTP, RSVP, ECN, etc...

Data Link Layer: Ethernet, 802.11 (WLAN), 802.16, Wi-Fi,
WiMAX, ATM, DTM, Token ring, FDDI, Frame Relay,
GPRS, EVDO, HSPA, HDLC, PPP, PPTP, L2TP, ISDN,
ARCnet, LLTD, etc...

Physical Layer: Ethernet ph%sical layer, Twisted pair,
Modems, PLC, SONET/SDH, G.709, Optical fiber,
Coaxial cable, etc...

MAC + PHY ...

MAC and PHY
Ethernet MAC and PHY
Flow Control
Vil Media Access Control
Management (MAC)
Transmitter Receiver
Buffers Buffers
- MIl' is a standard to facilitate
Media Independent Interface (MIl) the transfer of data
between the MAC and PHY
10BaseT e l00BaseT X
Loopback i | Transmitter Transmitter :
support : i
Receiver | Receiver | : Ethernet PHY
PLL Manchester 4B/5B
Encoding . | encoding

Stellaris One-Day Workshop - Ethernet Peripheral
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Stellaris Ethernet MAC and PHY

80 00 20 7A 3F 3E
Destination MAC Address

80 00 20 20 3A AE

08 00
Source MAC Address EtherType

IP, ARP, etc.
Payload

00 20 20 3A
CRC Checksum

MAC Header
(14 bytes)

Data
(46 - 1500 bytes)

(4 bytes)

Ethernet T}lg:e Il Frame
(64 to 1518 bytes)

Application layer

Transport layer

TCP, ...

Networ k/Inter net | ay er IP (IPVv4, IPV6), ...

Data link layer

Physical layer

Ethernet physical layer, ...

DHCP, DNS, FTP, HTTP, ...

Ethernet, 802.11 (WLAN), ...

Ethernet & network layers

Ethernet Controller A

Stellaris | | Media Access |  Physical | o
Cortex M3 Controller | Layer Entity Magnetics R4S
MAC PHY
(Layer 2) (Layer 1)

Ethernet system on Stellaris

Stellaris Ethernet MAC and PHY

2

Integrated 10/100 Mbps Transceiver (PHY)
¢ |EEE 1588 PTP Hardware-Assisted Support

¢ 10BASE-T and 100BASE-TX/RX IEEE 802.3
Full/Half-Duplex support

¢ Automatic MDI/MDI-X cross-over correction
¢ Programmable MAC address

¢ Promiscuous mode support

+ Ability to receive all packets sent on network — like
CAN, versus only those sent to specific MAC address

¢ 2KB Transmit FIFO / 2KB Receive FIFO

HW Design ...

13-4
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Hardware Design

Stellaris Ethernet Hardware Design

PFOPUAMD e —CLO PO
PFIIDX1 L
PELED! [abeEEZLEDL v =
= 9 PEILEDO = Ethernet 10/100baseT
PFITEDD -
) o 433V N
MDIO =S o B2 LR3 1 o m L Lz
400 3400 T Tone B 00t e
43 - 3 |icTa1
TXOP G TV D
| ‘ 5
l—L D
TXON b2 01UF 4 :
BXDP il 7 [ser —T]
[N D 2 fe)
| o =
D mtd|
7 O.IUF
RN [ j_ g
Rs +33V i
RS IR7 —=C5 ——=C6 St 2 = ‘
5 sy sy 499 Fao T i0eF | 10 3
AVDD ]
AvoD |28 T 9| m
: 1 W] aw
vDD23 ci2 - 3
vDD23 01UF
VDD33 — — —— J3011G21DNL et
DD33 L = = = =l
VDD33 =
VDD
DD} =
VDD33

Required crystal not shown

Note: VCC PHY pins are not labeled in the reference design, but are needed

MCUs ...
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Ethernet MCUs
Ethernet Connected MCUs

10Di0]

H8s
g

1 © B ADC a - g =

;A;g__ssg, Exlo|o] & _ Ekbe-mﬂ s SEEL S

SR e S A I G R Y PR LRI &

RS EE | S E SR P H R EaE e B e =

£ FR1ET 98| 4F ] EINEE EIE] F S T e e
256 | 64 50 4| 8l1)6|2|6)1]|2]| 2 ? 3|22 8 | 100 2 ? 3 46| 2 i?ég:
100-LQFP|
256 | 64 50 4| 8l1)6|2]|6)1]|2]| 2 213 322 8 | 100 2 2 3 46] 2 108BGA
25696 |7 | 100 | ? 4| 8l2)18|2]|8)4]|2]| 2 2?2 | 2JOHD) 3|2 | 2|2 | 16 | 1000 2 ? 3 7 |65] 7 |100-LQFP

— OLED graphics display with 128 x 64 pixel resolution
Stellaris LM3S6965 — User LED, navigation switches, and select
Evaluation Kit pushbuttons

— Magnetic speaker
— LM3S6965 1/0 available on labeled break-out pads

— Standard ARM® 20-pin JTAG debug connector with
input and output modes

— McroSD card slot
— Induded pIP Web Server (from FreeRTOS.org™)

* Ethernet, USB, and JTAG Cables

Ethernet+CAN Connected MCUs

Memory and Core General Purpose Motion Serial Inteffaces

Sneed Timer Modules _Control g

PWM = = ADC (10bit) o

= = g 9 3 @ 2] 1 =

alakl= | Jsle E lolol o _ g 2| gl s

A AR LT -E N R I A P R E IR P = ¢

E93EEeSEEEdG|E (5| 2lE|ak 2l s |z ]e]2|lelo| |52 25| E|ss| o) ?

] R ] R BRI Z “|al= G| E EEREEE | &

E PIESELET 2EF Sls|T8glu g = [P |8] |2E|G<E|58|58|<E|°E 8 <

|G FE BIE 33| (23|« (D 8 slg=|g 1=2%| 8| 8|o g

L3 S =] =

100-LGFP
LM3S8000s 25 | 64 50 al8lifel2|6|1]2]| 2 |23 3| 2|2 8 |wo0| 2 |2 | 3 46| 2 |Toanon
LM3S9000s 2% | 962 | 100 2 |4|8|2|8)2|8|4a|]2] 2 |2 |2|omm|3|2]|2|>| 161000 2 |2 | 3| 7 |65]|2 |100-LGFP

— Stellaris LM3S8962 MCU with fully-integrated CAN module
— OLED graphics display with 128 x 64 pixel resolution

— User LED, navigation switches, and select pushbuttons

— Magnetic speaker

— LM3S8962 I/O available on labeled break-out pads

— Standard ARM® 20-pin JTAG debug connector with input and
output modes

¢ Standalone CAN device board using Stellaris LM3S2110
microcontroller

¢ Ethernet cable, CAN ribbon cable, USB and JTAG cables

Stellaris LM3S8962
Evaluation Kit

Kit ...
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Serial to Ethernet Kit

Stellaris Serial-to-Ethernet Kit

Example applications:
SCADA Remote Terminal Units (RTUs)
Electronic Flow Meters (EFMs)

CCTV RS-232 Recorders
RS-232 Stepper Motor Controller Systems

Medical Point-of-Care and Retail Point-of-Sales Machines

. LM3S6432ina 10 x 10mm BGA package for reduced board
size
. 10/100 Mbit Ethernet port
Auto MDI/MDIX cross-over correction
Traffic and linkindicators
. Serial ports
UARTO has RS232 levels, transceiver runs at up to 250Kbits/sec
UART1 has CMOS/TTL levels, can run at 1.5 Mbits/sec
UART ports include RTS/CTS for flow control
. Software
IP configuration with static IP address or DHCP
Telnet server for access to serial port
Web server for module configuration
UDP responder fordevice discovery
. Telnet client for Ethernet-based serial port extender
. Module supports 5V and 3.3V supplies
. JTAG port pads for factory programming

PTP ...

IEEE1588

Ethernet - IEEE1588 PTP

¢ |EEE 1588 is “Precision Clock Synchronization
Protocol for Network and Control Systems” or

Precision Time Protocol (PTP)

¢ |EEE 1588 is a protocol designed to synchronize
that communicate using a network (Ethernet) at a
high degree of accuracy

¢ Microsecond accuracy is easily achievable using
low cost, small footprint implementations such as
Stellaris

real-time clocks in the nodes of a distributed system

ol
|
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Visualizing IEEE 1588

¢ Before IEEE 1588, Ethernet communication in control applications
occurred without absolute determinism:

+ Assume Sender sends a control instruction Tum to Controller
+ Assume also that Clock S and Clock C are not synchronized

« It Sender asks Controller to Tum upon receipt of the instruction, then
there is no telling when Controller will receive Turn.

(some ?? timel ater)
- - -

Ethernet is non-deter ministic by nature.

« Even if Sender asks Contrdler to Turn at a given time alpha, thereis
still the problem of unsynchronized clocks.

“TURN at “Ok. Iwill TURN

- -
Alphaon Clock S#Alphaon Clock C.

« But if Sender asks Controller to Turmn at agiven time alpha, and the
clocks aresynchronized to a master, then determinism is achieved

“TURN at “Ok. Iwill TURN
- S e -

Alphaon Clock S= Alphaon ClockC.

PTP in Industrial Applications

¢ Industry synchronization requirements for PTP Applications

Application area Required synchronization
accuracy
Low speed sensors (e.g. pressure. temperature) Milliseconds
Conunon electro-mechanical devices (e.g. relays. breakers, solenoids. valves) | Milliseconds
General automation (.2, materials handling, chemical processing) Milliseconds
Precise motion control (e.g. high speed packaging, printing, robotics) A few microseconds
High speed electrical devices (e.g. synchrophasor measurements) Microseconds
Electronic ranging (e.g. fault detection. triangulation) Sub microsecond

¢ PTP and motion control
+ Variable frequency drives require few 10s of microseconds
+ Software generally 5uS
+ 44% of applications are networked, 63% use Ethernet TCP/IPB
+ Servo-controlled systems require 100s of nanoseconds
+ Requires significant hardware assist
+ 36% of applications are networked, 56% use Ethernet TCP/IPC
¢ Stellarisimplementation
. g)goennssource IwlP + PTPd : within 500nS of master clock, jitter +/-

+ This represents a greater than ten fold improvement over typical SW-
only implementations

Choosing a Stack ...

13-8
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Choosing a Stack

Choosing a Stack — Application Examples

“I want to add Ethernet connectivity to my factory floor.”

-

“Transmission/Reception of information needs to be guaranteed.”

.

“I need workers at each machine workstation to be able to monitor
and control the workstation from the workstation’s HMI computer.”

.

“I need the ability to send system update files to each workstation
from our main control room.”

-

“l want the system to automatically send an email if the connection
to aworkstafionisbad.”

-

“I need for my system to operate behind a firewall so that no one
can hack in from the outside.”

.

“I nee”d to be able to add more workstations to the network with
ease.

.

Some Handy Definitions

Common TCP/IP Protocols

Acronym Translation Purpose
TCP Transmission Control Protocol guarantee delivery

P Intemet Protocol data oriented
UDP User Datagram Protocol fire-and-forget
ARP Address Resolution Protocol finding a address
RARP Reverse Address Resolution Protocol finding a address
BOOTP Bootstrap Protocol finding a address
DHCP Dynamic Host Configuration Protocol adding devices to a network
BSD Berkeley Socket connecting to the intemet
ICMP Internet Control Message Protocol error message generation
IGMP Internet Group Management Protocol manage IP multicastgroups
PPP Point-To-Point Protocol direct point-to-point connection
SLIP Serial Line Internet Protocol direct point-to-point connection
DNS Do main Name System translate host name to address
FTP File Transfer Protocol transfer files point-to-point
TFTP Trivial File Transfer Protocol FTP, but forsmaller files

RIP Routing Information Protocol routing internal networks
RTP/RTCP Real-time Transport (Control) Protocol  send audio/video over internet
Telnet Terminal Emulation remote access

HTTP Hypertext transfer Protocol Server publish/retrieve web pages
SNMP Simple Network Management Protocol ~ manage/monitor client status
SMTP Simple Mail Transport Protocol send email over internet

POP3 Post Office Protocol-3 retrieve email over internet
SNTP Synchronized Network Time Protocol network clock synchronization
PTP* Precision Time Protocol (aka IEEE1588) deterministic synchronization
NAT Network Address Translation network privacy

SSLS Secure Sockets Layer secure communication

IPSec Internet Protocol Security virtual private network

IKE Internet Key Exchange security key/certificate sharing

This slide is not in the presentation.
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Choosing a Stack — Size and Cost Considerations

L 2

Not every stack combination fits in every microcontroller

¢ Need to consider the RAM/ROM size of the
microcontroller

+ How much memory is on the specified Stellaris
MCU?

+ What else is the Stellaris MCU expected to
manage besides Ethernet?

Most third-party partners post accurate stack sizeinfo
Some 3P code size claims are not always accurate

¢ Free options - Open source ulP and IwlP ported to
Stellaris

¢ Professional options - Optimized for size, for speed, and
for functionality better than open source

L R 4

Stacks ...

Communications Stacks for Stellaris®

TPV Product Stack

CMY¥ Systems | CMX-MicroNET TCPIP . . .|e . L] L) L] -
CMX Systems .3“0... m‘o;tdlim * s 0 e .. [ AR . .
Express Logic et TCFIF | @ oo . N . .|
Express Logic | Metx Add Ons :;‘EI;:‘TL:‘: . AR RERE RN ] (e » LAERE LR}

Interniche HichelITE TCPIP . . (AR . . L] LK)

Interniche HicheStack TCPIP . (R RE N .l . (e 0|0

Interniche l'::‘:: m:m: e 0 . LR R R . LR RN .

Micripm HCIUDPLP UOPAP . L] L] [ ] L

Micripm WCITCPAP TCRIP | & . . | e . .

wom | | e oJo[o]e HERE o Lol T Tl
sevensTax | SEYERTA | teeip . o e .
SEVENSTAX mg‘r:““ m:"‘l‘m . o |ole . . .. .

SEGGER embOSAP TCPIP . . a8 88 8 @ . . . . (B RN ] .

ulP opensource TCPIP

IwiP OpEn Source TCPIP
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Open Source TCP/IP Stacks

uip — Micro IP

- Protocols supported
Transmission Control Protocol (TCP)
User Datagram Protocol (UDP)
Intemet Protocol (IP)

Intem et Control Message Protocol
(ICMP)

Address Resolution Protocol (ARP)

.

+  Memory requirements

+ Typical code size onthe order of a few
kilobytes

+ RAM usage can be as low as a few
hundred bytes.

+ Memory conserved by limiting to one
outstanding transmit packet

+ Website

+ http://mww .sics se/~adam/uip

uip and Iwip licenses
No restriction in shipping in real products

Redistribution of stack source or binaries
(such asin our kit) must carry copyright

lwip — Light-weight IP
- Protocols supported

«+ Internet Protocol (IP)including packet
forwarding over multiple network
interfaces

Internet Control Message Protocol (ICMP)
for network maintenance and debugging

User Datagram Protocol (UDP) including
experimental UDP-lite extensions

Transmission Control Protocol (TCP) with
congestion control, RTT estimations, and
fast recovery/transmit

Dynamic Host Configuration Protocol
(DHCP)

Point-to-Point Protocol (PPP)

Address Resolution Protocol (ARP) for
Ethernet

Specialized raw APIfor enhanced
performance

Optional Berkeley-like socket API
+ Memory Requirements

« Typical code size is on the order of 25 to
40 kilobytes

+ RAM requirements are ap proximately 15 to
a few tens of kilobytes

. Website
+ http:/lwww.sics.se/~adam/lwip
+_http://savannah.nongnu.org/projects/lwip

Stellaris One-Day Workshop - Ethernet Peripheral
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Stellaris APIs

Stellaris Ethernet APIs: Initiailization and Interrupts

¢ Initialization
« EthernetlnitExpCIk()
+ EthernetConfigSet(), EthernetConfigGet()
+ EthernetMACAddrSet(), EthernetMACAddrGet()
+ EthernetPHYWrite(), EthernetPHYRead ()
+ EthernetEnable(), EthernetDisable()
¢ Interrupts
+ EthernetintRegister(), EthernetintUnregister()
+ EthernetintEnable(), EthernetintDisable()
+ EthernetintStatus()
+ EthernetintClear()

Stellaris Ethernet APIs: Receive and Transmit

¢ Receive
» EthernetPacketAvail()
» EthernetPacketGet()
+ EthernetPacketGetNonblocking()

¢ Transmit
+ EthernetSpaceAvail()

+ EthernetPacketPut()
» EthernetPacketPutNonBlocking()

Lab ...
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Ethernet Lab

Ethernet Lab

Description:

We’ll use the LM3S8962 eval board to connect to our PC via Ethernet. We’ll take a look at the

Iwip stack and the 1/0 web server.

Ethernet Lab

Ethernet

USB

¢ USB cable

¢ LM3S8962 EVM
¢ Ethernet Cable

¢ Control LM3S8962 via served web page

Stellaris One-Day Workshop - Ethernet Peripheral
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Hardware list;:

v' LM3S8962 Evaluation Board
v" Retractable Ethernet cable
v 3 meter, 4 pin, USB Type A-M to mini-USB Type B-M

Software list:

v Code Composer Studio 4.1
v' LM3S8962 software examples
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Procedure

1. Openthe IDE
Open Code Composer Studio and create a workspace_8962ENET workspace (we’re
using a new workspace for each lab to prevent issues and learn the steps by repetition).
Close the Welcome screen if it appears. Click the C/C++ Perspective button to make sure
that you’re in the editing perspective. Close any open editor windows.

2. Import driverlib
Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the driver library
(C:\Stellarisware\driverlib) and click OK. Be sure that the checkbox next to driverlib
in the Project pane is checked and that Copy projects into workspace is unchecked.
Click Finish.

3. Import the Ethernet project
Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the Ethernet project
(C:\StellarisWare\boards\ek-Im3s8962\enet_io) and click OK. Be sure that the
checkbox next to enet_io in the Project pane is checked and that Copy projects into
workspace is unchecked. Click Finish.

4. Open file for editing
Maximize the IDE window if you haven’t already. In the Project Explorer pane,
double-click on enet_io.c to open it for editing.

Read the example description starting around line number 50. This code handles
both 10 control demos.

enet_io.c is made up of several modules:

ControlCGIHandler()  Called when the web browser requests LED or PWM control

SetTextCGIHandler()  Called when the web browser requests to write test to OLED

SSIHandler() Called by the HTTP server when it encounters an SSI tag

DisplaylPAddress() Displays the IwlIP type IP address

SysTickIntHandler() Handles the SysTick interrupt

IwIPHostTimerHandler() Supports host timer functions

main() Sets up the clock, ethernet and 10 ports, inits the OLED,
configures SysTick and enables interrupts
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5.

Test existing project
Before we change anything, let’s make sure that the project works as it is.

Connect the LM3S8962 board to your PC via the USB cable, as usual. Then, using the

Ethernet cable included in the kit, connect the LM3S8962 board to the Ethernet port on
the back of your PC. If your PCs wireless connection is enabled, you should disable it
now.

If you have problems connecting to the board in later steps, you may need to disable your
firewall software.

Click the i Debug button now to build and load the project to your board.

Run
When the build and load completes, make sure that you are in the Debug perspective.

Click the "® Run button to run the code on your board. You should see “Web-Based 1/0
Control” on the OLED display on the LM358962 board.

Minimize Code Composer Studio.

After 30 seconds or so, you should see the following on the OLED display (your IP
address may be different):

Web-Based 1/0O Control

IP: 169.254.254.108
MASK: 255.255.0.0
GW: 0.0.0.0

PC Network changes

There are two possibilities here: either your PC and the board have compatible addresses,
or not. To find out, click Start = Control Panel - Network Connections. Right-click
on Local Area Connection and then select Status. Click on the Support tab to see your
IP address. If the first three parts of your IP address are the same as the address shown on
the LM3S8962 OLED display, you got lucky! The addresses are compatible and you can
skip to step 8. If not, follow these steps:

The IwlIP stack has defaulted to a preprogrammed IP address . In order to communicate
with that address, we need to give the PC’s Ethernet port a suitable address. Depending on
the OS that you’re using, this procedure may be slightly different.

Go to Start > Control Panel - Network Connections - Local Area Connection.
Click the Properties button. When the Local Area Connection Properties window
appears, scroll down until you see Internet Protocol (TCP/IP) like shown below:

13-16
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-+ Local Area Connection Properties

General |Authentication Advanced

Connect using:
| BE& Broadcom NetXtreme 57oc Gigabit C ‘

This connection uses the following tems:

% iPass Protocol {IEEE 802.1x)v2.3.15 -~
T Cisco Discovery Protocol Packet Driver

Intemet Protocal (TCP/IF)

v
< | &

Description

Transmission Contral Protocol/Intemet Protocol. The defautt
wide area network protocol that provides communication
across diverse interconnected networks.

Show icon in notification area when connected
Motify me when this connection has limited or no connectivity

OK | [ Cancel

Click the Properties button. When the Internet Protocol (TCP/IP) Properties window
appears, make a mental (or other) note of the settings you see, then make the selections
shown below (if your boards’ IP address was different, simply make sure that the first
three fields are the same, and the fourth is different):

Internet Protocol (TCP/IP) Properties

General |

You can get IP settings assigned automatically f your network supports
this capability. Ctherwise, you need to ask your network administrator for
the appropriate |P settings.

(O Obtain an IP address automatically
(%) Use the following IP address:

|P address: 169 . 254 254 100

Subnet mask: 255 .255..0 . 0

(%) Use the following DNS server addresses:
Prefemed DNS server:

[ ok ][ cencel |

Click OK. Close the Local Area Connection Properties and Local Area Connection
Status windows.
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8. Start your browser

Start your web browser, and enter the address shown on your OLED display and press
Enter. A web page served from the LM3S8962 should appear.

i TEXAS Stellaris® LM358962 Evaluation
INSTRUMENTS At
About Texas Instruments
*« AboutTl
« Aboutthe Stellaris Texas Instruments (T1) is a global analog and digital @
Family semiconductor IC design and manufacturing company. In @'_“” J
addition to analog technologies, dicital signal processing (DSP) gresseriiech | \
« Block Diagram and microcontroller (MCU) semiconductors, Tl designs and o T
manufactures semiconductor solutions for analog and digital e,
« /0 Conirol Demo 1 embedded and application processing. <
( a ) ) Bk (MES’
HIIE Requesly In the microcontroller space, Tl offers the broadest range of
/O Control D 2 embedded control products, from ultra-low-power MSP430™
* 7%',-8%10) Sl MCUs and high-parformance TMS320C2000™ realfime

controllers, to the 32 bit general-purpose ARMZ-based MCUs of
the Stellaris® line.

Read more about us on the web at www ti com.

Copyright © 2009 Texas Instruments Incorporated. All rights reserved.

If you are having issues seeing the web page on your browser, you likely do not have Java
installed. Look on the flash installation drive and run the jre-6ul7-windows-i586-s.exe Java

offline installation file.

9. Trying out the controls

On the web page, click the link to 1/0 Control Demo 1 and then press the Toggle LED
button a few times, noting the LED on the LM3S8962 board. You may also note the green
activity light on the LM3S8962 Ethernet connector as you press the button.

On the web page, click the link to 1/0O Control Demo 2 . Type the text of your choice
(keep it clean) in the Display this text on the screen: box and click Send Text. The text
that you typed should appear on the OLED screen.

13-18
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10. Make some changes in the embedded web-server

The embedded web server used in the enet_io example uses the IwlP TCP/IP stack. When
you first start the application, the index.html file is displayed in your web browser.

In this part of the lab, we will modify this web page using notepad as our editor. The
easiest way to provide the html files to the application is by putting them on a microSD
card. The application is coded to look for the file system there first. In the workshop, we’re
not using a microSD card, so instead, we will create a new file system image to embed in
the application itself. There is a command line tool in the \Stellarisware\tools\bin folder
that will generate a header file with an array for each file in the \fs folder.

Exit your browser, then, using Windows Explorer, find index.html file in the
C:\StellariswWare\boards\ek-Im3s8962\enet_io\fs folder (This is the original location of
the files ... had we allowed Code Composer to copy the files to our workspace folder,
we’d be editing those copied files instead). Right click on index.html and select Open
with, then click Notepad to open the file for editing using Notepad.

11. Find/Replace

Find the lines near the bottom of the file that look like this:

</p>

<p>Read more about us on the web at <a href=""http://www.ti.com"
target=""_top"">www.ti.com</a>.

<p></p>

<br>

Add some code so that it looks like this:

</p>

<p>Read more about us on the web at <a href=""http://www.ti.com"
target=""_top"">www.ti.com</a>.

<p></p>

</p>

<p>WooHoo! YourName was here!

<p></p>

<br>

Save the file and close your editor.
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12. Convert the HTML files to a Header File

In Code Composer Studio, examine the file Imi_fs.c in the enet_io project. You will find

the command line and options that are needed to run the makefsfile utility in the

comments towards the top of this file. The command line you will need is:
C:\Stellarisware\tools\bin\makefsfile.exe -i fs -0 io_fsdata.h -r -h

Open a command prompt window using Start = Run, type cmd and click OK.

Type cd\ and press Enter to return to the root directory C:\

Then type cd stellarisware\boards\ek-Im3s8962\enet_io and press Enter.

In the command window, type the command shown above to call the makefsfile utility.

This will create a new io_fsdata.h header file which is included by io_fs.c . Close the
command window when you are finished.

50 C:\WINDOWS\system32\cmd.exe N_ |:|E>£ [

C:“StellarisWare cdn
C:>cd stellariswareshoardssek—-1m3z8962%enct_1io

C:~EtellarisWare bhoardsek-1lnizsB%62enet_iolc:stellarizswarestoolshinmakefsfil
e.exe —i fz —o jio_fsdata.h —» -h

makefzfile — Generate a file containing a file system image.
Copyright (c» 2808 Texas Instruments Incorporated. All rights reserved.

Completed successfully. 16 files from 2 directories processed.
Binary size 27623 (BxBBA17457> bytes

C:»StellarisWare~boardssek-1m3s8262%enet_iolx_

13. Rebuild the enet_io Example Application

Maximize Code Composer Studio. We just modified one of the files in the project without
the IDE knowing it, so we need to perform a clean build.

Return to the C/C++ perspective. Right-click on enet_io in the Project Explorer window

and select Clean Project. Click the b Debug button to build/load the project.

Make sure your LM3S8962 evaluation board is connected and assure that you’re in the
Debug perspective.
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14. Load the Modified Website in your

Browser

Make sure your Ethernet cable is connected and reset the LM3S8962 evaluation board
(disconnect/reconnect the USB cable). Wait for IP address to show up on your OLED and

type the IP address into address bar:

i3 TEXAS
INSTRUMENTS

About Tl

About the Stellaris Family

Block Diagram

VO Control Demo 1

Texas Instruments (T1) is a global analog and digital semiconductor IC
design and manufacturing company. In addition to analog technologies,
digital signal processing {DSP) and microcontroller (MCU)

Stellaris® LM3S8962 Evaluation Kit

About Texas Instruments

g =

HTTP Requests)

« /O Control Demo 2
SSICGI

semiconductars, Tl designs and manufactures semiconductor solutions
for analog and digita\ embedded and application processing.

In the microcontroller space, Tl offers the broadest range of embedded
control products, from ultra-low-power MSP430™ MCUs and high-
performance TMS320C2000™ realtime controllers, to the 32 bit
general-purpose ARM®-based MCUs of the Stellaris® line.

Read more about us on the web at www ti.com.

WooHoo! Scott was here!

Ek MES’
Ultimate
Products _

Copyright © 2009 Texas Instruments Incorporated. All rights reserved.

15. Restore your network settings

Remember your original network settings on your PC? Restore those and re-enable your
wireless connection (if necessary). Close any open windows on your desktop.

Remember that the QuickStart application has been replaced by this application. You
can reprogram it at any time with either Code Composer Studio or the Flash

Programmer.

ST

You’re done

Stellaris One-Day Workshop - Ethernet Peripheral
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Additional Web Server Information

Hands On: I/O Control Demonstrations

¢ The enet_io application illustrates two methods of
controlling board operations from the web browser:

+ 1/O Control Demo 1 shows direct HTTP requests
generated via JavaScript code inthe web page
(io_http.html).

+ /O Control Demo 2 shows the use of Server Side Includes
(SSI) and Common Gateway Interface (CGl) to perform
the same operations (io_cgi.shtml)

¢ All web site files are stored as a file system image
(io_fsdata.c) linked into the application image in
flash.

Hands On: I/O Control Demo 1

% 110 Control Demo 1 - Mozilla Firefox

Fle ES ew Haoy Eooimaks ook bl

@ - C [ UM [ betmeifuo, o768 _hetp heml - G- 2

@ Stellaris® LM356965/8962 Evaluation Kit

/0 Control Demo 1

This der

saration shows how o pedorm contral and status raponting using HTTF requasts
ambedded within Javaseript code on the web page itself. Usin d, itis possible to update
sactions of e an tha current paga without the need o rafrash 3

Togghe STATUS LED and report the state of the LED
[_Togale LED | STATUS LED: -

Toggie PWM OMIOFF and report the cuant state

[ PM ONOFF | P
Set PWM frequency (man 200)

Curmant Frag

| Set Frequency
St P Duty Cyele

Currant Dty Cycle

Set Duty Cycle

Copyright © 2008 Luminary Micro, Inc. &l rights reserved.

@ @ Mo s, F Tug: 33°F Wed: B8 F
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Hands On: Demo 1- HTTP Requests

¢ JavaScript in the web page generates HTTP GET
requests for specific filenames.

¢ IwIP web server passes these filenames to the file
system (Imi_fs.c) which recognizes them as
“special” and performs whichever task the filename
is intended to trigger.
« Toggle LED state (/cgi-bin/toggle_led)

« Set and report PWM frequency
(/pwm_Freq?val ue=<frequency>)

¢ JavaScript reads the response from the web server
and uses <div> tags to insert the relevant text into
the displayed page.

Hands On: Demo 1- HTTP Requests

¢ Advantages:

+ Updates can be made without having to reload the whole
web page.

+ Quicker user feedback.
+ Lower network traffic.

¢ Disadvantages:
+ Client browser must support JavaScript.

+ HTML files are more complex to develop and less easy to
understand.
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Hands On: Embedded Control

* Below is an example of thehtml code used for the Toggle LED button from
“io_http.html”

<table>
<tr>
<td>
<input id="toggle" value="Toggle LED*
onclick="toggle_led()" type="button'>
</td>
<td>
STATUS LED:
</td>
<td>
<div id="ledstate”™ align="center"> - </div>
</td>
</tr>
</table>

Hands On: Embedded Control

* Below is an example of the JavaScript code used for the Toggle LED button from
“io_http.htm!”

function toggle_ledQ
{

var req = false;
var led = false;

function ledComplete(Q {
if(led.readyState = 4) {
if(led status == 200) {
document. getElementBy Id (' ledstate™). innerHTML = "<div>" + led.responseText +
t</div>Tg
3

¥

3

i f(window. XMLHttpRequest){
req = new XMLHttpRequest();
led = new XMLHttpRequest();

3

else if(window.ActiveXObject) {
req = new ActiveXObject("'Microsoft XMLHTTP");
led = new ActiveXObject("'Microsoft XMLHTTP");

3

if(req){
reqg.openC'GET", "/cgi-bin/toggle_led?id" + Math.random(), true);
reg.send(null);

3
if(led){
led.open("GET", "/ledstate?id=" + Math.random(Q, true);
led.onreadystatechange = ledComplete; led.send(null);
3
3
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Hands On: Embedded Control

//

//

//

//

//

//

//

//

* Below is an example of the C source code from Imifs.c that handles the request for
toggling the LED

// Process request to toggle STATUS LED

if(strncmp(name, "/cgi-bin/toggle_led”, 19) == 0)
{

// Toggle the STATUS LED

io_set_led(Mio_is_led _on());

// Setup the file structure to return whatever.
ptFile->data = NULL;

ptFile->len = 0;

ptFile->index = 0;

ptFile->pextension = NULL;

// Return the file system pointer.

return(ptFile);

About Luminary Micro

» About the Stelaris Family

= Block Diagram

LUMINARY

Hands On:

1) | heegcuo. 7. 0i_coushml -] Gl F l:‘

Stellaris® LM356965/8962 Evaluation Kit

Demo 2 — SSI/CGI

3 110 Control Dame 2 - Mozilla Firafox
Ol Edt Yew Hgoy (ockmads Jook e

O -c xa

11O Control Demo 2

This demonstration shows anather method of parfarrming controd and status repoming. This orme

wie use Server Side Includs tags 1o replace text in the page as it is being server from the Stellans
board and standard HTML forms to send data to a CGl kandler running on the board. This
axampls does cause the page 1o be reloadad whenever form data is submitted but it invobves kess
complex HTML to perform the task.

Control

Current Mew
LED State OF &
P State OFF O
P Frequency (Hz) 440 1200
Pt Dy Cycle (%) 50 =

Dizplay this text on the screen:
Hello World! Send Texd

Copyright © 2008 Luminary Micro, Inc. &ll rights reserved.

Tue: 530 F Wed: EEF

@ @ vow Sny, TOF
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Hands On: Demo 2 — SSI/CGI

¢ HTML pages include “Server Side Include” tags
indicating values to be inserted in the page data as
it is served to the browser.

¢ The application registers SSI and CGI handlers with
the HTTP server during initialization.

¢ The HTTP server calls the SSI handler when a tag
from the registered list is detected and handler
returns the text to insert after the tag.

¢ The HTTP server calls the registered CGI handler if
a URL matching the registered CGI name is
requested.

¢ The HTML contains standard forms to gather user
input.

Hands On: Demo 2 — SSI/CGI

¢ Advantages
« Client browser need not support JavaScript.

+ HTML is extremely simple and uses only standard forms
and some “comment-like” SSI tags (<1--#<tag>-->).

+ Offloads work to the common HTTP server module (URL
checking, parameter parsing).

+ File system driver is independent of the application data
that it is managing.

¢ Disadvantages
+ Page reload each time a form is submitted.
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Hands On: Demo 2 — SSI/CGI

¢ Below is an example of the html code used to send a text
string to the browser in “io_cgi.shtml”

<form method="'get" action="settxt.cgi' name="settxt'>
<table>
<tr>
<td>
<b>Display this text on the screen:<br></b>
<input maxlength="20" size="20" name="DispText'>
<input name="Display" value="Send Text" type="submit">
</td>
</tr>
</table>
</form>

Hands On: Demo 2 — SSI/CGI

¢ Below is an example of the html code from “io_cgi.shtml”
which uses SSI tags to insert status information.
<tr>
<td >LED State</td> The HTTP server parses the
<td> SSl tags from the page asitis
<I--#LEDtxt--> being sent and passes them to
</td> the application SSI handler.
<td> s
<input name="LEDOn" value="1" type="checkbox'> Theapphcanonremrnsan
</td> gp_propnate_ block of text which
isinserted into the page
</tr> :
following the comment tag.
<tr>
<td>PWM State</td> Note: The tagis not replaced.
<td> The SSltext isinserted after the|
<I--#PWMtxt--> closing “-=>" This is different
</td> from typical SSI
<td> implementations but allows
<input name="PWMOn" value="1" type="checkbox'> operation without additiona
</td> buffering.
</tr>
“<I--#LEDtext-->"inthe source is expanded to, for example “<!--#LEDtext-->0FF”
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Hands On: Registering SSI Handlers

/7 SSI tag indices for each entry in the g pcSSITags array.
#define SSI_INDEX_PUMDUTY O
#define SSI_INDEX_PWMSTATE 1

// This array holds all the strings that are to be recognized as SSI tag

// names by the HTTPD server. The server will call SSlHandler to request a
// replacement string whenever the pattern <!--—#tagname—-> (where tagname
// appears in the following array) is found in "_.ssi”, “.shtml™ or *.shtm™
// files that it serves.

static const char *g_pcConfigSSITags[] =

{

“PWMDULY”, // SSI_INDEX_PWMDUTY
"PVMEXE" // SSI_INDEX_PWMSTATE

¥

// The number of individual SSI tags that the HTTPD server can expect to
// find in our configuration pages.
#define NUM_CONFIG_SSI_TAGS (sizeof(g_pcConfigSSITags) / sizeof (char *))

// Prototype for the main handler used to process server-side-includes for the

// application®s web-based configuration screens.
static int SSlHandler(int ilndex, char *pclnsert, int ilnsertien);

After initializing the HTTPD server, register the handler by calling...

// Register our SSI tags and handler with the HTTP server.
http_set ssi_handler(SSlHandler, g pcConfigSSITags, NUM _CONFIG_SSI_TAGS);

Hands On: The SSI Handler Function

// This function is called by the HTTP server whenever it encounters an SSI
// tag in a web page. The ilndex parameter provides the index of the tag in
// the g pcConfigSSITags array. This function writes the substitution text
// into the pclnsert array, writing no more than ilnsertLen characters.

static int SSlHandler(int ilIndex, char *pclnsert, int ilnsertien)
unsigned long ulVal;

// VWhich SSI tag have we been passed?
switch(ilndex)

case SSI_INDEX_PWMSTATE:
// Write the PWM state (ON or OFF) into the supplied insert buffer.
io_get_pwmstate(pclinsert, ilnsertien);
break;

case SSI_INDEX_PWMDUTY :
// Get the current PW duty cycle.
ulvVal = io_get pwmdutycycleQ;

// Write it as an ASCII string into the supplied insert buffer.
usnprintf(pclnsert, ilnsertlen, '"%d", ulval);
break;

3

// Tell the server how many characters our insert string contains.
return(strilen(pcinsert));
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Hands On: Registering CGI Handlers

// Prototypes for the various CGI handler functions.

static char *ControlCGlHandler(int ilndex, int iNumParams, char *pcParam[], char *pcvalue[]);
static char *SetTextCGlHandler(int ilndex, int iNumParams, char *pcParam[], char *pcvalue[]);

// CGI WRI indices for each entry in the g psConfigCGIURIs array.
#define CGI_INDEX CONTROL 0
#define CGI_INDEX_TEXT 1

// This array is passed to the HTTPD server to inform it of special URIs
// that are treated as conmon gateway interface (CGI) scripts. Each URI name
// is defined along with a pointer to the function which is to be called to
// process it.
static const tCGl g psConfigCGIURIS[] =
{

{ "/iocontrol.cgi", ControlCGIHandler }, // CGI1_INDEX_CONTROL

{ "/settxt.cgi”, SetTextCGlIHandler } /7 CGI_INDEX_TEXT

¥

// The number of individual CGI WRIs that are configured for this system.
#define NUM_CONFIG_CGI_URIS (sizeof (g_psConfigCGIURIS) / sizeof (tCGI1))

After initializing the HTTPD server, register the handlers by calling...

// Register our CGI handlers with the HTTP server.
http_set_cgi_handlers(g_psConfigGGIURIs, NWM_CONFIG_CGI_TAGS);

Hands On: A CGI Handler Function

// This CGI handler is called whenever the web browser requests URI /iocontrol .cgi.

static char *ControlCGlHandler (int ilndex, int iNumParams, char *pcParam[], char *pcvalue[])

{
tBoolean bParamError;
long IPWState,IPWFrequency;

// We have not encountered any parameter errors yet.
bParamError = false;

// Get each of the expected parameters.

IPWNState = FindCGIParameter("'PWOn™, pcParam, iNunParams);

IPVMFrequency = GetCGIParam(“PWMFrequency”, pcParam, pcvalue, iNumParams,
&ParamError);

// Was there any error reported by the parameter parser?
if(bParamError || (IPWFrequency < 200) || (IPWMFrequency > 20000))

// Return the URI of the parameter error page.
return('/perror .html™);

// We got all the parameters and the values were within the expected ranges
// so go ahead and make the changes.

io_pwm_freq((unsigned long)IPWMFrequency);

io_set pwm((IPWState == -1) ? false : true);

// Send back the defaul
return(*/io_cgi.shtml

response page.

Stellaris One-Day Workshop - Ethernet Peripheral
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Ethernet Lab

*** |t’s kind of a “visual time-out” ***
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USB Peripheral Module

Introduction

This module covers the USB peripheral, library and examples provided with the LM3S3748
evaluation Kit.

Learning Objectives

e USB Basics

Stellaris Implementation

USB Library

USB Examples

Two labs

Stellaris One-Day Workshop - USB Peripheral
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Module Topics

Module Topics

USB Peripheral MOAUIE..........coo et bbb bbb e e nee e 1
T LU T= o or S 2
L S =T (o1 T TR 3

SEEIIATIS USB ...ttt ettt ettt et e e s ettt e e ettt e e s be e e e s et b e e e saabatessabeeaesebbesesastessssabanesssrbeeesanes 4
(ST ) =103 TSR 5
Stellaris MCU S WILI USB ... ..ottt ettt et e e st e e st e e s et e e s aaeesabeesaeessbaeessenees 6
LIM3S3748 USB SCREMALIC. .......veiiivieieie ittt sttt st e st e st e e st e e st e e st e e ss b e e saeessbbessaeessabeesreeeseeas 7
USB LIDIAIY <.ttt bbbt e b b bt e b et et eb e b e bt e bt e bt e bt e Rt et e sbeeb e et e e Rt ene e e neas 7
USB €008 EXAMPIES ....oecvrcieeiieiie ettt st e et e ettt e st et e st e s teeseess e e et e besresteeneeneeeeneas 8
I o3 TRR 9
USB Mass Storage HOSt Lab........covcueiiiiiiiicisee st re e e 11
[ T= o] 14 PSSR 11
L L0 T T TN 1) R 11
Y0 T LT 11 ST 11
g (0 To1=To [ (USRI 12
USB HID MOUSE DEVICE LAD ...ttt ettt ettt e sttt e e st e e s eat e e e s st b e e s satae e e sareeas 16
D= o] £ 014 (0] SOV UURTURPRUPRP 16
[ E L0 VLT (=T L) ST 16
10 10T LT L) oo 16
oo Tor Lo (U TR 17
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USB Basics

USB Basics

¢ Configuration connects power 1%, then data
¢ Standards:

USB Basics

¢ Multiple connector sizes
¢ 4 pins —power, ground and 2data lines — L]

(5" pin IDfor USB 2.0 connectors) T 321
Type A Type B

54321 i1321

Wini-& Wini-B
¢ USB 1.1 54321 54321
- Defines Host (master) and Device (slave) Clisiesty

Micro-AB Wicro-B
- Speeds to 12Mbits/sec

- Devices can consume 500mA (100mA for startup) ﬁéﬁe

+USB 2.0

sem

+ Speeds to 480Mbits/sec LT
- OTG addendum e
* Type B plug
* USB 30 = Type A receptacle
. = Type A plug
- Speeds to 4.8Ghits/sec
use s
- New connector(s) e T
- Separate transmit/receive data lines — -

- b+

USB Tutorial: http:/www.computer-solutions.co. uk/info/Embedded_tutorials/usb_tutorial.htm

USB Basics

USB Device ... most USB products are slaves q
USB Host ... usually a PC, but can be embedded \‘

USB OTG ... On-The-Go

+ Allows a single port to be either a Device (a printer connected to a PC)
or a Host (a printer connected to a camera)

» Two connected OTG ports undergo host negotiation
Host polls each Device at power up. Info from Device includes:
+ Device Descriptor (Manufacturer & Product ID so Host can find driver)
» Configuration Descriptor (Power consumption and Interface descriptors)
« Endpoint Descriptors (Transfer type, speed, etc)

Processis called Enumeration ... allows Plug-and-Play

Srellaris USB ...

Stellaris One-Day Workshop - USB Peripheral
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Stellaris USB

Stellaris USB

¢ USB 2.0 Full Speed (12 Mbps) operation
¢ Transfer types: Control, Interrupt, Bulk and Isochronous
Stellaris collaterals

¢ Luminary Micro is amember of the
USB Implementers Forum.

¢ Stellaris is approved to usethe
USB logo ”@

¢ Vendor/Product ID sharing

Vendor ID/

Product ID
sharing program

Block Diagram ...

USB Peripheral Block Diagram

DM

Endpaint Cantrol Raquasts
EPB- 15
Coniral
—W”
CPU Intarface
InbesTupt
- Hiost
Eﬂgﬁ Transaclian —
: Schaduler
ER Reg. Intarrupts:
I l Decoder
ut™M Packst FIFD RaM Commen
Synchronlzation EncocaiDacods Condroller Regs —
USE PHY AHB bus -
Facke! Encods Cyae Siave mode
[ Control
Packet Deoode
USE FSLS Tires
—
PHY CRC GenChzck
USE Data Linss
D and O-

¢ Integrated USB Controller and PHY

¢ Up to 32 Endpoints

+ 1 dedicated control IN endpoint and 1 dedicated control OUT endpoint
+ Up to 15 configurable IN endpoints and 15 configurable OUT end points
+ 4 KB Dedicated Endpoint Memory

+ DMA capability (up to three IN Endpoints and three OUT Endpoints)

+ 1 endpoint may be defined for double-buffered 1023-bytes isochronous packgt siie
tacks ...

14 -4
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USB Basics

USB Stacks

USB Stacks

|,
expresslogic « UsBX (H/D)

Micri 1]yg] ¢ uc/UsB (D)

’>\ ¢ emUSB (H/D)
/ SEGGER

-
-
g
4
y

CMX °* CMX-USB (O/H/D)

WSYSTEMS
I

Empowering embeddeéd systems M’WC[‘O ng]ta/ * SmXUSB (O/H/D)

L USB (O/H/D
‘ HCC - SIS

MCUs ...

Stellaris One-Day Workshop - USB Peripheral
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USB Basics

Stellaris MCU’s with USB

USB Connected MCUs

General Purpose
L Serial Interfaces Digital

Timer Modules 2
PWM o B ADC (LO-biD[ - " é

— o 2 <]

exlelo] & E 5 H= e
« X _ g5 g o
31 8a (25 |22] 2 |5 ]e|E|oloslRe|Z 2|22 22 12 5| EANE
Blo|uslulz] 3 (2|25 |CcEloE|eg|35 st |2g st
g2 oz|ulZ] = |3 a 25|dg|s8|08|2c|5 E|2 2
i gs|u|S] = 2leg|52 |8 Ela 8
S @ §le=|2 |2 & &

HINE 8 27 & 3| 8

B 64-LQFP
12864 |7 | 50 als|1)e|2]e|a]2 oHm|3 |22 8 |10l » |2 |3 61) 2 |10 orp
s6los|, | 0|, |a]ls|2]8l,]8|a]2 2 omm|s|2|2 |, | 16 |1000| , N 3 |7 |7, fﬁLoLLQQFFPP
6|o6|2 | wo| 2 [4afs|2]e|2]s|af2| 2 |2 |2]omm|s|2]2]|2| 16 |100] 2 |2 | 3 | 7 |65]2 |roorcre

¢ USB 2.0 full speed (12 Mbps) support (MAC+PHY) : Host/Device/OTG — with DMA
¢ Compact 64-pin LQFP or feature-rich 100-pin LQFP options

. — CSTN graphics display (128x128 resolution,16-bit
Stellaris LM3S3748 color) grap SV

Evaluation Kit

— User LED, navigation switch and pushbutton
— Magnetic speaker
— LM3S3748 1/0 available on labeled break-out pads

— Standard ARM® 20-pin JTAG debug connector with
input and output modes

— MicroSD card slot
¢ USB and JTAG cables, Jumper wires
¢ USB Flash Drive (128MB)

Ethernet+USB OTG Connected MCUs

General Purpose . .
Memoryand Speed meriodules Serial Interfac es Digital

H
= | 3 DWW - DC (10.-bit) o
aﬁfgméﬁkaas E»au‘i » 2§_§“; s
g (2|5 28 H HH S el 12218128 ||zl | BIB. |25|28 =5]s 2|c I
S EIE A B o o 1 L ED e R A G A GRS S A R F R = |
g |s|2|cg| & |= 3|52 ol z1°lsz|w (3| &« |3 7 5293|0285 £|2 BT
L - E 8 als 3 g3 |u @ 2] 9 c|<s|® BT K]
N El E K o3 2= 4|0 o2~ (& |9 8 ©
3| & 5 |B g i B 2 < | C =
3 s |- E 2
644QFP
128 | &4 EY afs] 1] e | o] <] 2 omp|3 2|2 8 |00 2 |2 |3 6(7 | oo
644QFP
w6 o | 2 | | 2o |a]ef2]s]]e] 4] 2fomm|s|2]2]2 |6 00| 2 |2 | 3| 7 || i
256 | % |2 2 100 2 a) 8] 2| 8> 8l af 2| » 2 | 2|O/HD|(3[2]|2]|? 16 | 1000| 2 2 3 7 [65]2 |100-LQFP

¢ Frst MCUs featuring fully integrated 10/100 Ethernet MAC+PHY, USB OTG
MAC+PHY, and up to 2 Bosch CAN 2.0 A/B MACs

« LM3S9B96 features SAFERTOS in RON A%

¢ Evaluation board with LM3S9B90 (hibernate) or LM3S9B 92 (max
GPIOs)

¢ In-Circuit Debug Interface (BD-CDI) board

« Connects to USB port on PC and to 10-pin ARM JTAG connector on the
EK-LMSSQBQD o P

8-pin Power/UART connector provides power and virtual comm-port to the
evaluation board

& Cables

¢ CD with evaluation software tools, documentation, source code,
schematics

EK-L M3S9B92 Schematic ...

14 -6
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USB Basics

LM3S3748 USB Schematic
LM3S3748 Eval Board USB Schematic

USB HOST
1L 154UARSLE

L
Fairchild USB Switch i
l USB DEVICE
% 48180572
. et )
TOSTEL 1L g - ‘i =
DEVICE+SV 13 1 g e
s —— o i = &=
<UD >—— o =
i A
H—— NC 2
USBITMTT 4 . .
EOSTEn Low = USB Host selected Igﬂff If-!DIEDGlDF_T. = T I ESD prOteCtIO n dl Ode ar ray
BOSTEn High =SB Device selectad

USBLIb ...

USB Library

Stellaris USB Library

Supports Host, Device and On-The-Go ports
Written entirely in C
User Guide: SW-UG-4781.pdf
Supports thefollowing tool chains:
+ Keil
+ CodeSourcery
+ IAR Embedded Workbench
+ Code Red Technologies
+ Code Composer Studio

® & o o

Code Examples ...
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USB Basics

USB Code Examples
USB Code Examples

USB Boot Loader Demo 1
USB Boot Loader Demo 2
USB Generic Bulk Device
USB HID Keyboard Device
USB HID Mouse Device

USB MSC Device

USB Serial Device

USB HID Keyboard Host

USB HID Mouse Host

USB Mass Storage Class Host

Location: C:\StellarisWare\boards\ek-Im3s3748

USB Code Examples

¢ Stellaris examples implement a custom USB “micro-stack”
¢ Stack footprint is about 10K in most configurations

+ Application code sizes

—usb_dev_mouse (HID) — 17kB

—usb_dev_msc (MSC) — 16kB

—usb_dev_serial (CDC) — 18kB

—usb_host_mouse — 14kB

—usb_host_msc — 21kB
¢ USB Bootloader (DFU) - <6k
¢ USB Flash stick updater — 10kB

Lab ...
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USB Basics

Labs

USB Mass Storage Class Host Lab

¢ LM3S3748 EVM
USB Flash Drive
¢ USB cable

*

¢ LM3S3748 accesses Flash Drive through USB port
as a Host

¢ Uses FatFs: An open-source file system for
embedded designs
+ Supports FAT12, FAT16 (with 8.3) and FAT32
« Multiple volumes

+ FAT32 & Long File Name (LFN) support requires license
from Microsoft

« http:/lelm-chan.org/fsw/ff/00index_e.html

Lab ...

USB HID Mouse Device Lab

¢ LM3S3748 EVM
¢ USBFlash Drive
¢ USBcable

¢ Code sends Descriptor structures and enumerates as a mouse
¢ Code sends Mouse movements and button press to the PC Host

Tl...

Stellaris One-Day Workshop - USB Peripheral
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USB Basics

*** |eft on its own, this page would have been blank ***
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USB Mass Storage Host Lab

USB Mass Storage Host Lab

Description:

We’ll use the LM3S3748 MCU to access a Flash drive connected to the USB Host port of the
evaluation board.

Hardware list:

v LM3S3748 Evaluation Board
v USB Flash Drive with some files onboard (anything will do)
v’ 3 meter, 4 pin, USB Type A-M to mini-USB Type B-M

Software list:

v Code Composer Studio
v' LM3S3748 software examples

Stellaris One-Day Workshop - USB Peripheral 14 -11



USB Mass Storage Host Lab

Procedure

1. LM3S3748 EVM

Check the USB power mode switch on the board. We want to power the board from the
DEBUG USB port. The switch should be in the “SELF” position as shown below. Don’t
reposition the switch while power is applied as you may damage the switch contacts.

EVB is Bus Powered
EVB is Self Powered

USB Power Mode Switch (SW3)

2. Connect the ICDI USB Cable

Connect the small end of the USB cable to the connector on the LM3S3748 board marked
“DEBUG USB”. You’ll find it on the corner of the board furthest away from the micro-
processor. Make sure that you’re using the LM3S3748 board.

Connect the other end of the USB cable to an open port on your PC. Since you already
have the drivers loaded, your PC should recognize the board quickly.

Open the IDE

Open Code Composer Studio and create a workspace_3748USB waorkspace (we’re using
a new workspace for each lab to prevent issues and learn the steps by repetition). Close the
Welcome screen if it appears. Click the C/C++ Perspective button to make sure that
you’re in the editing perspective.

Maximize Code Composer Studio.
Import driverlib

Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the driver library
(C:\StellarisWare\driverlib) and click OK. Be sure that the checkbox next to driverlib
in the Project pane is checked and that Copy projects into workspace is unchecked.
Click Finish.

14 -12
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USB Mass Storage Host Lab

5. Import grlib

Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the graphics library
(C:\StellariswWare\grlib) and click OK. Be sure that the checkbox next to grlib in the
Project pane is checked and that Copy projects into workspace is unchecked.

Click Finish.

6. Import usblib

Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the USB library
(C:\Stellariswarelusblib) and click OK. Be sure that the checkbox next to usblib in the
Project pane is checked and that Copy projects into workspace is unchecked.

Click Finish.

7. Import the usb_host_msc project
Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the project library
(C:\StellarisWare\boards\ek-Im3s3748\usb_host_msc) and click OK. Be sure that the
checkbox next to usb_host_msc in the Project pane is checked and that Copy projects
into workspace is unchecked. Click Finish.

8. Project Contents

Click on the “+” next to usb_host_msc and your Project Explorer should look like this:

1= driverlib

- 125 griib

= 'I:E* usb_host_msc [Active - Debug]
[+ €} Binaries
[+ E Indudes

= Debug

[ drivers

(== third_party

[== usb_host_msc.c

ﬁ startup_ccs.c

= macros.ini

[#] target_config.coxml [Active /Default]

% usb_host_msc_ocs.omd

B 125 usblib

- - E- -
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USB Mass Storage Host Lab

The included files provide the following functionality:
startup_ccs.c — Startup code to set Heap, Stack and basic interrupts

Expand the usb_host_msc.c folder:
usb_host_msc.c — Main example code

Expand the drivers folder:
buttons.c — Functions for handling the on-board push buttons
formikel128x128x16.c — LCD display driver code

Expand the third_party, then fatfs , then the port and src folders:
fat_usbmsc.c — Functions to access FAT file system via Luminary USB stack
ff.c — Underlying FAT (File Allocation Table) file system code from FatFs

Open usb_host_msc.c for editing

Double-click on usb_host.msc.c in the Project Explorer pane to open it for editing.
Maximize the editor window if it hasn’t opened that way already.

Click anywhere inside the code. On the menu bar, click Edit, Find/Replace and enter
main( in the Find: box. Click Find, then Close. You should see where the main()_code
begins.

The next 150 lines or so performs the overall initialization. In that code, the initial state of
g_eState ( a global variable for the enumeration state) is setto STATE_NO_DEVICE .
Later in the initialization code, GrStringDraw() (a graphics library call) is used to write
“No Device” to the LCD display. Also note that a GPIOPinWrite() call sets the USB
switch shown earlier in the schematic to the Host port.

Use the steps above to find while(1).

A switch() statement switches between three states depending on g_eState (defined to
have three states; STATE_NO_DEVICE, STATE_DEVICE_ENUM and
STATE_DEVICE_READY). The earlier initialization code set g_eState =
STATE_NO_DEVICE. The MSCCallback() code above main() (a callback from the
lower level USB driver) sets the state of g_eState during runtime to either
STATE_NO_DEVICE or STATE_DEVICE_ENUM. This callback function was regis-
tered with the driver in the line containing USBHMSCDriveOpen().

The first case in the while() loop, run during USB enumeration, detects whether enumera-
tion has been successful and sets g_eState to STATE_DEVICE_READY (or it errors
out). It also reads the directory (DirUpdate()) and writes the result to the LCD display
(UpdateWindow()).

The code in the STATE_DEVICE_READY case occurs after enumeration is complete
and the USB device is ready. Note how the buttons move through the directory.

14 -14
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USB Mass Storage Host Lab

10. Build and Load

If the Console pane is not visible at the bottom of your display, click View = Console
from the menu bar.

Make sure that your USB Flash drive is NOT plugged into the EVM at this time.

Click the Lo Debug button on the menu bar to build/load the project to the LM3S3748
board. Monitor the progress of the build in the Console pane.

The program will load to the 3748 Flash memory and the perspective will switch to
Debug. (if it doesn’t, click the Debug perspective button in the upper right of your
display) Once the load process completes, click the "™ Run button to start program
execution.

11. Test the Code

The LCD display should have the top banner with the example code name on it, along with
“No Device”. Plug in your USB Flash drive to the Host connector on the board and the di-
rectory should be displayed. (if you don’t see any files, maybe there are no files on the
flash drive ... copy some onto it from your laptop and try again). Due to licensing issues,
FatFS only displays 8.3 filenames. Use the Navigation button below the LCD display to
move up and down through the directory. If you have any sub-directories on the drive, you
can highlight them and press the navigation button straight down to move into them.

12. Close the Project

Stop debugging by pressing the ™ Terminate All button on the menu bar. If it hasn’t al-
ready done so, switch the IDE back to the editing perspective by clicking the C/C++

button B 135 Debug [BECCH (e g right of the menu bar. Collapse the view of the
usb_host_msc project in the Project Explorer , close any editor windows and disconnect
your USB Flash drive from the evaluation board.
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USB HID Mouse Device Lab

USB HID Mouse Device Lab

Description:

We’ll emulate a USB mouse device with the LM3S3748EVM through the boards USB Device
port to our PC host.

Hardware list:

v LM3S3748 evaluation board
v 3 meter, 4 pin, USB Type A-M to mini-USB Type B-M

Software list:

v Code Composer Studio
v' LM3S3748 software examples
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USB HID Mouse Device Lab

Procedure

1. Delete the usb_host_msc project

Since we already have all the supporting files imported, we can just delete the previous
code example and import the next, rather than reload everything from zero. Right-click on
usb_host_msc in the Projects pane and select Delete. Make sure that Do not delete con-
tents is checked (if not, the original example files would be deleted) and click Yes.

2. Import the usb_dev_mouse project

Click on Project, and then select Import Existing CCS/CCE Eclipse Project. When the
Import dialog appears, browse to the root directory of the project library
(C:\StellariswWare\boards\ek-Im3s3748\usb_dev_mouse) and click OK. Be sure that the
checkbox next to usb_dev_mouse in the Project pane is checked and that Copy projects
into workspace is unchecked. Click Finish.

3. Open usb_mouse_structs.c for editing

Expand the usb_dev_mouse project and the usb_mouse_structs.c folder. Remember
those descriptors that a USB Device provides to the host during enumeration? Open the
usb_mouse_structs.c file for editing and check out the manufacturer, product, serial num-
ber, interface and configuration structures.

4. Open usb_dev_mouse.c for editing

Expand the usb_dev_mouse.c folder and open the usb_dev_mouse.c file for editing.
Look around in the code at the initialization, graphics, etc, but most of the action occurs in
the ButtonHandler() function about halfway through the code. This code is run from the
main() loop each time the BUTTON_TICK_EVENT occurs. Look a little further down
to see where the code formats the mouse movements and button presses for transfer to the
host.

5. Build/Download the code

Similar to the previous procedure, build and download the project to the evaluation board.
Don’t run the code yet.

6. Connect the Board
Disconnect the ICDI USB cable from the DEBUG port of the evaluation board.
Check the USB power mode switch on the board (refer to the earlier illustration). Switch
it to the “BUS” position so that power for the evaluation board will be provided through

the USB Device port.

Connect the USB cable to the USB DEVICE port on the EVM (just left of the LCD dis-
play).
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USB HID Mouse Device Lab

ST

7. Test the Code

The board should power up, and you should see “Waiting for Host ...” on the LCD dis-
play. As soon as your PC recognizes the boards as a mouse, “Host connected ...” should
appear on the display.

Use your PC’s mouse to position the cursor in the middle of your computer screen, and
then use the Navigation button on the LM3S3748 board to move it around the screen. You
can press the button down to select. Note that the LCD display shows the status of the
Navigation button.

Turn it Off

Disconnect the LM3S3748 evaluation board from your PC and switch the USB power
mode switch back to “SELF”. Switch Code Composer Studio back to C/C++ perspective
and exit the IDE.

Remember that the QuickStart application has been replaced by this application.
You can reprogram it at any time with either Code Composer Studio or the Flash
Programmer.

You’re done

14 -18
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Wrap-up

Introduction

Thanks for attending the workshop. Make sure to take all your belongings and handouts with

you. Good luck with your project!

Don’t Forget!

¢ Take your workbook and purchased board(s) home with you
¢ Please leave theinstallation flash drives on the table

¢ Fill out the evaluation form on line if possible:
www.tiworkshop.com and click Online feedback form
(use paper forms otherwise)

¢ Visit the Tl Wiki for this workshop:

Thank you for attending
Have a safe trip home

Wrap-Up
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Addendum

Additional materials of interest to Stellaris users



USB Examples for EKx-LM3S3748 Evaluation Kit

USB Boot Loader DEMOS 1 AnNd 2.........ccoocuviiiiiiiiiie ettt et e e s seraen e
USB GENEIIC BUIK DBVICE .....eeicviiiictiic ettt sttt ebte s sbae s s sbae e b
USB HID Keybh0oard DEVICE.........cceiiiiiiiiiieieieie et
USB HID MOUSE DEBVICE ...cvvieiviie ittt ettt ettt sttt ebta s s ebaa s s sbae e s beaeaans
USB IMSC DBVICE ....vvii ittt ettt ettt e ettt e sttt e e s ettt e e s s eab e e e e s sabbeeessesbensessbbeneeaas
USB SEIIAl DEVICE .....oecievie ittt ettt sttt e s ebte s s ebae e s ebee e s beaeaans
USB HID Keybh0oard HOSE .........oouiiiiiiiiiiieieee s
USB HID MOUSE HOSL ..ottt sb e e e eaar s
USB Mass Storage Class HOSE.........ccoiiiiiiiieieiee s



USB Boot Loader Demos 1 and 2
Demonstrate the use of the flash-based USB boot loader

At startup, the application displays a message then branches to the USB boot loader to
await the start of an update. The boot loader presents a Device Firmware Upgrade
interface to the host allowing new applications to be downloaded to flash via USB.

The usb_boot_demoX application can be used along with this application to easily
demonstrate that the boot loader is actually updating the on-chip flash.

The application dfuwrap, found in the boards directory, can be used to prepare binary
images for download to a particular position in device flash. This application adds a
Luminary-specific prefix and a DFU standard suffix to the binary. A sample Windows
command line application, dfuprog, is also provided which allows either binary images
or DFU-wrapped files to be downloaded to the board or uploaded from it.

The usb_boot_demol and usb_boot_demo2 applications are essentially identical to
boot_demol and boot_demo?2 with the exception that they are linked to run at address
0x1800 rather than 0x0. This is due to the fact that the USB boot loader is not currently
included in the Stellaris ROM and therefore has to be stored in the bottom few KB of
flash with the main application stored above it.



USB Generic Bulk Device
Generic USB device offering simple bulk data transfer to and from the host

The device uses a vendor-specific class ID and supports a single bulk IN endpoint and a
single bulk OUT endpoint. Data received from the host is assumed to be ASCII text and
it is echoed back with the case of all alphabetic characters swapped.

A Windows INF file for the device is provided on the installation CD. This INF contains
information required to install the WinUSB subsystem on WindowsXP and Vista PCs.
WinUSB is a Windows subsystem allowing user mode applications to access the USB
device without the need for a vendor-specific kernel mode driver. A sample Windows
command-line application, usb_bulk_example, illustrating how to connect to and
communicate with the bulk device is also provided as part of the Windows examples
package on the installation CD or via download from
http://www.luminarymicro.com/products/software_updates.html. Project files are
included to allow the examples to be built using Microsoft VisualStudio 2005.

USB HID Keyboard Device

Turns the evaluation board into a USB keyboard supporting the Human Interface
Device class

The color STN display shows a virtual keyboard which can be navigated using the
direction control button on the board. Pressing down on the button presses the
highlighted key, sending its usage code and, if necessary, a shift modifier, to the USB
host. The board status LED is used to indicate the current Caps Lock state and is updated
in response to pressing the ~"Caps" key on the virtual keyboard or any other keyboard
attached to the same USB host system.

The device implemented by this application also supports USB remote wakeup allowing
it to request the host to reactivate a suspended bus. If the bus is suspended (as indicated
on the application display), pressing the Select key will request a remote wakeup
assuming the host has not specifically disabled such requests.


http://www.luminarymicro.com/products/software_updates.html

USB HID Mouse Device

Turns the evaluation board into a USB mouse supporting the Human Interface
Device class

Presses on the navigation control on the evaluation board are translated into mouse
movement and button press messages in HID reports sent to the USB host allowing the
evaluation board to control the mouse pointer on the host system.

USB MSC Device
Turns the evaluation board into a USB mass storage class device

The application will use the microSD card for the storage media for the mass storage
device. The screen will display the current action occurring on the device ranging from
disconnected, no media, reading, writing and idle.

USB Serial Device

Turns the evaluation kit into a virtual serial port when connected to the USB host
system

The application supports the USB Communication Device Class, Abstract Control
Model to redirect UARTO traffic to and from the USB host system. File
usb_dev_serial_win2k.inf may be used to install the example as a virtual COM port on a
Windows2000 system. For WindowsXP or Vista, usb_dev_serial.inf should be used.

USB HID Keyboard Host
Demonstrates how to support a USB keyboard attached to the evaluation kit board

The display will show if a keyboard is currently connected and the current state of the
Caps Lock key on the keyboard that is connected on the bottom status area of the screen.
Pressing any keys on the keyboard will cause them to be printed on the screen and to be
sent out the UART at 115200 baud with no parity, 8 bits and 1 stop bit. Any keyboard
that supports the USB HID bios protocol should work with this demo application.



USB HID Mouse Host
Demonstrates how to support a USB mouse attached to the evaluation kit board

The display will show if a mouse is currently connected and the current state of the
buttons on the on the bottom status area of the screen. The main drawing area will show
a mouse cursor that can be moved around in the main area of the screen. If the left mouse
button is held while moving the mouse, the cursor will draw on the screen. A side effect
of the application not being able to read the current state of the screen is that the cursor
will erase anything it moves over while the left mouse button is not pressed.

USB Mass Storage Class Host
Demonstrates how to connect a USB mass storage class device to the evaluation Kit

When a device is detected, the application displays the contents of the file system and
allows browsing using the buttons.
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