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Stellaris® System & Peripherals
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Stellaris® architecture
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Stellaris® Memory map

0x0000 0000
0x0100 0000

0x2000 0000

0x2200 0000

0x4000.0000
0x4200 0000

Internal FLASH
On-chip ROM
Boot Loader, DriverLib, AES+CRC software

Bit-banded on-chip SRAM
Bit-band alias of 0x2000.0000

Peripherals
Bit-band alias of 0x4000.0000

0x6000 0000

EPIO mapped peripheral and RAM

OxEO000 0000

Private peripherals bus
Instrumentation Trace Macrocell (ITM)
Data Watchpoint and Trace (DWT)
Flash Patch and Breakpoint (FPB)
Nested Vectored Interrupt Controller (NVIC)
Trace Port Interface Unit (TPIU)
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Bit-band

" Bit_word_addr = bit_band_base + (byte offset x 32) + (bit_number 4)
"  Example:

The alias word at 0x23FFFFEO maps to bit [0] of the bit-band byte at
O0x200FFFFF: 0x23FFFFEO = 0x22000000 + (OXFFFFF*32) + 0*4.
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Stellaris® Internal memories

FLASH

v Flash programming

" 1-KB blocks erase in once

= 32-bit word can be programmed individually

" The write buffer allows continuous 32 words programming
v Flash memory protection

= 2-KB Flash memory block granularity

" “No protection”, “read only”, “execute only” options (committed or not)
" Possibility to make protection permanent (sensitive data protection)

SRAM
v’ Bit-band capability
ROM

v Stellaris® Boot Loader and vector table

v' Stellaris® Peripheral Driver Library (DriverLib) release for product-specific
peripherals and interfaces

v' Advanced Encryption Standard (AES) cryptography tables
v’ Cyclic Redundancy Check (CRC) error detection functionality
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Stellaris® Clock architecture
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Stellaris® hibernation module

" Two mechanisms for power control
v’ System power control using discrete external regulator

v On-chip power control using internal switches under register
control

" Dedicated pin for waking using an external signal
" Low-battery detection, signaling, and interrupt generation

= 32-bit real-time counter (RTC)

v Two 32-bit RTC match registers for timed wake-up and interrupt
generation

v RTC predivider trim for making fine adjustments to the clock rate

" Clock source from a 32.768-kHz external oscillator or a 4.194304-
MHz crystal - 32.768-kHz external oscillator can be used for main
controller clock

" 64 32-bit words of non-volatile memory to save state during
hibernation

" Programmable interrupts for RTC match, external wake, and low
battery events
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Stellaris® Power architecture

" 3 power domains
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Stellaris® Power consumption

= Battery-backed Hibernation Module (Standby current as low as 10pA*)

v 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
v" Power-switching logic to discrete external regulator (switch to battery)
v' Low-battery detection, signaling, and interrupt generation

v" 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-Vsupply brownout detection and reporting via interrupt or reset

SRAM saved

Lowest IBat

Lowest typ wake-up

Running mode Yes 1.12mA/MHz N/A
Sleep mode Yes 8mA 0.427us
Deep-Sleep mode Yes 550uA 0.427us
Hibernate

. 256 bytes saved 18 UA 62 us
Hibernate

. 256 bytes saved 8 UA 10 ms

* Based on tempest class datasheets i3 Texas
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Stellaris® EPI block diagram
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Stellaris® EPI

" Multiple device types supported

v 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 a sleep/standby mode to keep contents alive with minimal power draw

v' Host-Bus Interface: Traditional x8 and x16 MCU bus interface capabilities
® Support of both muxed and de-muxed address and data

® Access to SRAM, NOR Flash, and other devices, with up to 1MB of addressing or up to
256 MB for muxed mode

" Speed controlled, with read and write data wait-state counters

v' 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

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

v" Blocking and non-blocking reads
v FIFOed writes separate the processor from timing details
v' Direct memory access (DMA)
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Stellaris® DMA

" 32-channel configurable uDMA controller

" Dedicated channels for supported peripherals
v" One channel each for receive and transmit path for bidirectional peripherals
v Multiple data sizes, Two levels of priority, Maskable device requests

" Interrupt on transfer completion with a separate interrupt per channel

= Support for multiple transfer modes:
v’ Basic, for simple transfer scenarios
v" Ping-pong, for continuous data flow to/from peripherals

v’ Scatter-gather, from a programmable list of arbitrary transfers initiated from a
single request

" DMA requests
v UART, Timer, USB, Ethernet, ADC, SSI, External Peripherals I/F
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Stellaris® GPIOs

" Programmable pad configuration through GPIO module
" Any GPIO can be full featured external interrupt
" Bit addressable pins, atomic operation
" Fast output toggling: Toggle rate up to %2 the CPU clock
" b5-V-tolerant inputs
" Up to 61 GPIO available on a single device
" Programmable Drive Strength
v 2,4, 8 mA or 8 mA with slew rate control
" Programmable weak pull-up, pull-down
" Open drain enables
" Digital input enables
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Stellaris® GPIOs - Turn on
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Stellaris® Watchdog Timers

" Allows software to regain control when there is a system failure
caused by software error or an external device

= Generates an interrupt or system reset on time-out

" Configuration can be locked (key) to prevent inadvertent
changes

" User-enabled stalling for software debugging

" Some Stellaris MCUs feature two Watchdog Timer Modules,
where :

v" One module is clocked by the system clock (Watchdog Timer 0)
v One module is clocked by the PIOSC (Watchdog Timer 1).
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Stellaris® Timers

" Up to 4 timer modules
v Each configurable as single 32-bit timer, or two 16-bit timers

= 32-bit Timer Modes
v’ 32-bit programmable one-shot timer with selectable clock
v’ 32-bit programmable periodic timer with selectable clock
v RTC using a 32.768-kHz input clock
v Software controlled debug event stalling (except for the RTC function)

" 16-bit Timer Modes
v’ 16-bit general-purpose timer with 8-bit prescaler and input clock selection
v General-purpose free running timer modes: one-shot or periodic
v’ Selectable debug event stalling

" 16-bit Capture Modes (CCP)
v" Input edge count capture
v" Input edge time capture

" PWM mode
v' Simple PWM mode with programmable output negation
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Stellaris® Timers - PWM mode
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" PWM signals are driven through CCPx output
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Stellaris® Motion control PWMs

¢ = compare events

A

Asymmetrical
Waveform

CMPA
CMPB

v

Count Down Mode

Symmetrical

CMPA
Waveform

CMPB

Count Up and Down Mode
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Stellaris® Motion control PWMs

" One 16-bit counter
v" Runs in down or up/down mode
v Output frequency controlled by a 16-bit load value
v' Load value updates can be synchronized
v Produces output signals at zero and load value

" Two comparators
v' Comparator value updates can be synchronized
v Produces output signals on match

" PWM generator

v" Output constructed based on actions taken as a result of the counter and comparator output
signals

v Produces two independent PWM signals

" Dead band generator
v Er%duces two PWM signals with programmable dead band delays suitable for driving a half-H
ridge
v Can be bypassed, leaving input PWM signals unmodified
" Qutput control block
v PWM output enable of each PWM signal
v Optional output inversion of each PWM signal
v’ Optional fault handling for each PWM signal
v Synchronization of timers in the PWM generator blocks
v Synchronization of timer/comparator updates across the PWM generator blocks
v" Interrupt status summary of the PWM generator blocks
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Stellaris® Fault-condition

" Faults conditions:

v The controller is stalled and cannot perform the necessary
computation in the time required for motion control (Stall signal
from internal debugger)

v An external error or event is detected (FAULTN pin)
v Trigger of an ADC digital comparator

" A fault condition is signhaled to the platforms which
stop normal PWM function and sets the PWM
outputs to a safe state.

13 TEXAS
INSTRUMENTS




Stellaris® ADCs

" Flexible control for up to 16 channels of ADC
" DMA capability (Dedicated channel for each sample sequencer)
" 4 sequencers available of sample length 8, 4, 4, and 1

|Diﬂere ntial Pair | Analog Inputs

0 0 and 1
0 1]o 2030 4 —T

4 and 5

Gand7

'8 and @

ADC Channel Sequencer

10 and 11
12 and 13
14 and 15

" Triggers: Software, Timers, GPIO, Analog comparator, PWM
" Single-ended and differential-input configurations

" On-chip internal temperature sensor

"= Sample rate up to one million samples/second

" Hardware averaging of up to 64 samples for improved accuracy
" Converter uses an internal 3-V reference or an external reference

@ o] s w] e

Differential inputs settings

Benefits
v’ Easily program different sample rates for different analog inputs

v Multiple channels can be selected for automatic read on a trigger
®" No SW/CPU overhead
= Leaves CPU for data processing—not data collection
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Stellaris® analog comparators

Situation: monitor a voltage for a drop below a threshold value

"=  Without Analog Comparator =  With Analog Comparator
Poll the ADC Use the comparator to trigger the
= | oop: Read ADC value ADC when needed, then
= |f below threshold, call handler interrupt the CPU when value
= Wait read
" Branch to loop
AD ADC Value
Voltage Input
Trigger

Benefits
= No software / CPU overhead
=  Especially useful for infrequent out of range events
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