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Tiva Microcontroller

Tiva™ TM4C123G Microcontroller

Low power consumption

«As low as 370 JAMHz

«500ps wakeup from low-power modes
*RTC currents as low as 174
«Internal and external power control
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Tiva Microcontroller
M4 Core and Floating-Point Unit
/e 325t ARM® Cortex™.Md core
[+ Thumb2 16132-bit code: 26% less memory & 25 % faster than pure 32-bit
« System ciock frequency up 10 80 MHz
* 100 DMIPS @ 80MKz
« Fiexible clocking system
+ memal
v ExIemal mam osciater wan PLL support
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« Saturated math for signal processing
« Atomic y . ] ]
« Single Cycle muitiply and hardware divider
5 access
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LaunchPad
Tiva™ EK-TM4C123GXL LaunchPad

« ARM* Cortex *.M4F
64-pin 80MHz TMAC1230HEPM

* On-board USB ICDI
(In-Circuit Dabug Interface)

+ Miero AB USB port
+ Device/ICDI power switch

+ BoostarPack XL pinout also supports
legacy BoosterPack pinout

* 2 user pushbuttons
{SW2 Is connected to the WAKE pin)

 Reset button
« 3 user LEDs (1 tri-color device)

+ Current measurement test points
+ 16MHz Main Oscillator crystal

» 32kHz Real Time Clock erystal

+ 3.3V regulator

 Support for multiple IDEs:
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Code Composer Studio

Code Composer Studio Functional Overview
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# Integrated Development Environment (IDE) based on Eclipse =
« Contains all development tools - compilers, assembler, linker,
debugger, BIOS and includes one target — the Simulator
# GEL files initialize the debugger so that it understands where Target Board

memory, peripherals, etc. are
Targed contiquration and E mulstrs

Code Composer Studio

Projects and Workspaces

" Link_ Source Files
Project -

 WORKSPACE folder contains: # PROJECT folder contains:

+ IDE settings and preferences + Build and tool settings (for use

* Projects can reside in the workspace in managed MAKE projects)

folder or be linked from elsewhere * Files can be linked to or

reside in the project folder
Deleting  linked file within the
Project Explorer only deletes
the link

When importing projects into the
workspace, linking is recommended
Deleting a project within the Project
Explorer only deletes the link

Cresing a New Project
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Code Composer Studio

Creating a New Project
—

(in Edit perspective )

@ on st

P, I’
ey =) # Project Location

« Default = workspace

* Manual = anywhere you like
# Connection

« If target s specified, user can
choose “connection” (i.c. the
target configuration file)

T  Project templates

Y « Empty
[=—)

+ Empty but with a main.c
+ Assembly only

+ BIOS

+ athers

Y See————

Adding Fils 10 Project
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Code Composer Studio

Adding Files to a Project

& Users can ADD (copy or link) files inta their project
* SOURCE filles are typically COPIED
« LIBRARY files are typically LINKED (referenced)
(1) Right-click on project and select: (2) Select file(s) to add to the project
" [ b2 [Active - Debug] i
& Binaries

Bl Includes

Select “Copy” or “Link” * COPY
+ Copies file from original location
St b s s oy vt et to peaject folder (two coples)
@ Copytin
Lkt fis + LNK

y + References (points to) source

e o file in the ariginal foider

+ Can select a “reference” point -
typically PROJECT_LOC

Making a Project Portable

Code Composer Studio

Portable Projects

# Why make your projects “portable”?
+ Simplifies project sharing
+ You can easily re-locate your projects
+ Allow simple changes to link to new releases of software libraries

Capied files are not a prablem (they
move with the project folder)
Linked files may be an issue. They
_~ are located outside the project
folder via a:

absolute path, or

relative path

This is the Path Variable
for a relative path, This
can be specified for every
linked file,

Path and Buid Variables

Code Composer Studio

Path Variables and Build Variables

® Path Variables
*+ Used by CCS (Eclipse) to store the base path for relative linked files
. Enmple PROIECT_LOC is set Iu(hrnalh of your project, say

La It 1ap2
. u;m asa mmmncc uum( lur rmnvn palm e. g é

Build Variables
« Used by CCS (Eclipse) to store base path for build libraries or files

* Example: CG_TOOL_ROOT is set to the path for the code
generation tools (compiler/linker)

* Used to find flinclude .h files, or object libraries, e.g

ie OF

.

+ How are these variables defined?
+ The variables in these examples are automatically defined
when you create a new project (PROJECT_LOC) and when you
install CCS with the build tools (CG_TOOL_ROOT)

* What about TivaWare or additional software libraries? You can define
some new variables yourself

Adding Vanates

Code Composer Studio

Adding Variables

+ Why are we doing this?
+ We could use PROJECT_LOC for all linked resources or PROJECT_ROOT as
the base for build variables
« It is "almost” portable, BUT if you mave or copy your project, you have
to put it at the same “level” in the file system
* Defining a link and build variable for Tivaware location gives us a relative
path that does NOT depend on location of the project (much more portable)
+ Also, if we install a new version of TivaWare, we only need to change these
variables = which is much easier than creating new relative links
+ How to add Path and Build Variables
* Project — Properties, expand the Resource category, click o
Linked Resources. You wnll see a tab for Path Variables, click New
to add a new pa
« Project — Properties, d.n« on Build category, click on the Variables tab,
Click New to add a new build variable
* Inthe lab, we'll add a path variable and build variable TIVAWARE_INSTALL
to be the path of the latest TivaWare release
+ Note:
* This method defines the variables as part of the project (finer control)
+ You can also define variables as part of your workspace (do it ance)

Code Composer Studio

Build Configurations

Build Configurations

+ Code Composer has two pre-defined BUILD CONFIGURATIONS:
Debug (symbols, no optimization) - great for LOGICAL debug
- Release (no symbols, optimization) - great for PERFORMANCE
« Users can create their own custom build configurations
- Right-click on the project and select Properties
+ Then click “Processor Options™ or any other category:

BrosessorOptions
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Tivaware

In System Programming Options
/ Tiva Serlal Flash Loader =

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

& AllTiva C Series MCUs ship with the loader in flash
+  UART or S5l interface option
The LM Flash Programmer interfaces with the serial flash loader

\_+  See appiication note SPMAO20 J/
Tiva Boot Loader
# ROM or can b al'the Backiring of fiseh
application loader
+  Cenaisobe usedasan Tiva
micracentroller.

Interface via UART (default), IXC, SSI, Ethernet, USB (DFU HID)
+ Included in the Tiva Peripheral Driver Library with full applications examples

Fundamental Clocks

Clocks
Fundamental Clock Sources

/Preclslon Internal Oscillator (PIOSC)
+ 16 MHz 1 3%
Main Oscillator (MOSC) using...
+ An extemal single-ended clock source
+ An external crystal
Internal 30 kHz Oscillator
+ 30 kHz £ 50%
+ Intended for use during Deep-Sleep power-saving modes
Hibernation Module Clock Source
+ 32,768Hz crystal
‘\ + Intended to provide the system with a real-time clock source/

SysCk Sources

Clocks

Tiva C Series Clock Tree

+ SYSDIV dwader sefing
* OSCorPIL

o Wiain of Wtermal oscakor

o Crystal Woquency ) GPIO

"Mm SysCuClockSet) selects:

GeneralPurpose 10

General Purpose 10

+ Any GPIO can be an interrupt:
+ Edge-triggered on rising, falling or both
+ Level-sensitive on high or low values
+ Can directly initiate an ADC sample sequence or uDMA transfer
+ Toggle rate up to the CPU clock speed on the Advanced
High-Performance Bus. ¥: CPU clock speed on the Standard.
+ 5V tolerant in input configuration
+ Programmable Drive Strength (2, 4, 8mA or 8mA with slew rate

control)
‘+ Programmable weak pull-up, pull-down, and open drain
# Pin state can be retained during Hibernation mode

Pin Mux Usley

Analog to Digital

Analog-to-Digital Converter

+ Tiva TMAC MCUs feature two ADC modules N
{ADCO and ADC1) that can be used to {

convert continuous analog voltages to LN i |

discrete digital values

[Each ADC module has 12-bit resolution

[Each ADC module operates independently ¥

and can
Execute different sample sequences
Sampie any of the shared analog input
channels

- Generate interrupts & riggers

.
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Analog to Digital

TM4C123GH6PM ADC Features

/& Two 12-bit IMSPS ADCs + Flexible trigger control \\
|+ 12 shared anaiog input channels e \
« Single ended & differential Input Anaiog comparators
configurations GPIO
+ On-chip temperature sensor  2x 10 64x hardware averaging

« Maximum sample rate of one million 8 Digital comparators / per ADC
samplesisecond (1MSPS). T Aciay Sonmtars

Ol L o L D Optional phase shiftin sample tme,

ules ...

.4 sample 225"10337.5"
sequencers per ADC

\\- Separate analog power & ground pins. /

Sequencers

11/6/2014




Analog to Digital
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ADC Sample Sequencers

Tiva TM4C ADC's i
s a fully
the

having to be re-configured.
Each ADC module has 4 sample sequencers that contral sampling and data capture.
ot for the number of samples they can capture

‘and the depth of their FIFO.

To configure &l
+ Input source for sach samgie

+ Mode (sngle-ended, or differential) lor sach sample

. e
+ Inloatoe forthe I sampla n the secqusnce

Each sample sequencer can transfer data Saquencer Number of Depth of FIFO
independently through a dedicated HOMA channel. Samples

553
552

1

4 a
551 4 a
550 8 F]

Hibernation

Key Features

+ Real Time Clock s 3 32:0t seconds .mmm \
counter & add-in trim capability

R e
« RTC operational and hibernation . ‘.Mmﬂ
memary valid s long as Vs is valid memory are -mium
+ GPIO pins state retention provided ey -
during VODION mode P
* -:n,'mmu-h.'-ub-
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Low Power Modes.

Power Modes

Power

Power Mode Comparison

Skop  Mbematcn  Hemation
fvoosow)  fure)

unMode  Seep Made b

e T

PousredOn. | Fomsrean | Powensd O

Coctnt | Norcockes | NotCockss | NeeCiciss | NorCocssd | Not s

Code | anen

Box denctes power modes available on LaunchPad board LsunchPad Consideraiions

LaunchPad Considerations

« The low-cost LaunchPad board does not have a battery holder
+ VDD and VBAT are wired together on the board

(this disables battery-only powered low-power modes)
« Device current is measured between test points H24 and H25

.
+
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USB

'4Mullipi| connector sizes

USB Basics

4 pin
15' pin ID for U
Configuration connects power 1%, then data
Standards:
“usB11 == e

« Defines Host (master) and Device (slave)
e 2T
« Devices can consume 500mA (100mA for startup)| —————
* USB2.0
* Speeds to 480Mbits/sec
+ OTG addendum
+ USB 3.0
- Speeds to 4 8Gbits/sec
* New connector(s)
* Separate transmit/receive data lines

ST e = B
=

USB Bases

USB Basics

USB Basics

ﬁum...muummm
| USB Host .. usually a PC, but can be embedded _ _

USB OTG ... On-The-Go &
« Dy
< Two OTG ports.

Host polls each Device at power up. Information from Device
Inewdn: 22

« Device Descriptor (Manufacturer & Product ID so Host can find

anver)

" descriptors)

 Endpoint Descriptors (Transfer type, speed. etc) |
Rl

TMAC1ZIGHEPM USE
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Tiva USB Block Diagram

TM4C123GHE6PM USB USB Peripheral Block Diagram

_“ USB 2.0 full speed (12 Mbps) and low speed (1.5 Mbps)
/ operation \
+ On-the-go (OTG), Host and Device functions
+ Integrated PHY
+ Transfer types: Control, Interrupt, Bulk and Isochronous

USB Implementers Forum.
+ Tiva is approved to use the

+ Device Firmware Update (DFU) device in ROM | = Ii =
T e = || =
Tiva collaterals -@ Pral=— 1
+ Texas Instruments is a member of the et E
N

-
" Integrated USB Controller and PHY with up to 16 Endpoints

USB logo FREE * 1 dedicated control IN endpoint and 1 dedicated control OUT endpoint
|+ Vendor/Product ID sharing ;:::z"% + Upto 7 configurable IN endpoints and 7 configurable OUT endpoints:
\_  Diteslwww.ti com/litiodiispmioo sharing program = par SRAM)
20 « Separate DMA channels (up 1o three IN Endpoints and three OUT Endpoints)
\__ "1 be defined for 1023-Dytes i packetsize /
Block Diagram useLa

USB API Reference

USB API Abstraction Levels * Getting Started With the Tiva C Series

TMA4C123G LaunchPad Workshop
Revision1.21, October 2013, Texas
Instruments
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