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What is Stellaris®?

TI's 32-bit ARM® MCU family for HMI, Motion Control, Smart Grid, and Connectivity

Software _ Hardware
Integration Stellaris Integration

Peripheral Drivers « TI's ARM Cortex-M solution * Fixed an_d Floating Point
. Processing
USB Drivers

Graphics Libraries « Embedded Flash
* On-chip Analog

* Rich & flexible software libraries

A platform for rapid application

In-system Programming development

» Connectivity
» Scalability

* Industry-leading software * Broad Portfolio
— StellarisWare libraries are free license & royalty free — 180+ ARM Cortex-M3 & 40+ Cortex-M4 devices
— Libraries are skillfully architected, provided in ROM — Upto 512KB Flash, 96KB SRAM
— Develop in the environment of choice; — 48-QFP up through 108-BGAs and 144-LQFP
compiled and proven on 5 separate IDEs —  Price points starting at just $1
» Advanced Integration e Time to Market
— Up to 24 channels of IMSPS 12-bit ADCs — Get started in 10 min or less
— Only ARM MCU with an integrated ENET PHY — Start development NOW using example applications
— CAN and USB Host / Device / On-The-Go support — Leverage open-tooled reference designs
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Stellaris® MCUs —

Versatile, Connected, Compact

Connectivity > & *\ Automation . =

Home Automation

Data Acquisition

Home Automation

Automated Motor Control

Medical Connectivity

Human Machine Interface

Secunty

k. Security Monitoring
' Biometric

Scanning

ﬁ Advanced :
k‘_ Remotes - - —

Point of Sale Graphics Displays
Touch Interface

Networked
Access Control

w Exercise

E-Mator EqUIpment i : ; e i
O Electr|C|ty and m HVAE L - o

ElOWiT e Pump inverter
9 Compressor motor

White goods LED signage
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Transaction Control
Point-of-sale
Printers
Data acquisition
AutoID
Tag Scanner
Vehicle ID
Inventory RFID


Automation
Monitors
Ethernet bridges
Sensors
Machines
Controllers
Sorters
Analyzers

Appliances 
White goods
 Home appliance controllers
 Small motor control
Pumps
Compressors
Variable frequency drives

Portable Electronics
Display
 Small screen/ touch interface
 Connectivity
 Portable media players
 Electronics accessories

Medical
Connected Motor Control
Dental Drilling Machine
Robotic DNA Extraction
Connected General Host
Instrumentation cluster
Data Acquisition

Building control

Lighting controls
LED drivers
Panel motor controller
HVAC
Pump inverter
Compressor motor

Building automation
Audio










Stellaris® Product Portfolio

Key Features Applications SW & Kits
® 20 Motion Control * Floating point perf. « Industrial Automation
S L 230 [+CAN, +USB] + Best-in-class power . Microprinters
0 < o + Up to 12-bit ADCs . Motor control
< 2 @ INSTRUMENTS ($255- $485) * Full-speed USB e Low-end Digital
® 2' [10KU pricing] * CAN Open support Power Control
n F ¢ Motion control PWMs
Ehdis x o ) 3 5 1 ) 5 3 o 3 s 1 1 5 5 3 3 3 5 ) 5 ) 5 £ 1 5 ) 5 £ 0 s 1 1 3 L 5 3 1 5 ) 5 ) 3 1 5 5 £ 5 s 3 1 3 5 3 £ 5 | 5 ) 5 0 1 1 5 s 3 o 5 1 ) 1 0 3 1 o 8 e 2 e e 21
c 2
= S AYVSEGE Gen Purpose : E'ef’;t_'ifggcﬁfs'gtpp(fvafér . iﬁﬁg} Management EK-LM4F232
(..,_.) &) 120, 130 [+CAN, +USB] « Up to 12-bit ADCs + Portable Medical
A « Full-speed USB * Data logging For the full list visit
AL ($2.15-$4.75) *CAN Open support y ;ighting control www.ti.com/stellariskits
+ Scanners
I
©
e Integrated 10/100 « HMI displavs o)
LM3S6000, aNI=g) ENET MAC & PHY . s .
: Industrial Automation N
6000, 9000 [+CAN, +USB] * Up to 12-hit ADCs +  Communication 2
® 23 T e Full-speed USB Gateways -
z o™ il ($4.35- $9.15) » External Bus Interface « Point of Sale é
m z ___________________________________________________________________________________________________________________________________________________
< s ARk USB * Full-speed USB + Gaming accessories
® F 5000 ’ [+CAN] * Upto 12-bit ADCs « MFI-OS accessories
7)) é * 12S audio + HMI displays
- Texas ) + CAN Open support « Motor control
c_U "g # INSTRUMENTS ($205 $67O) * External Bus Interface e Scanners
E O _._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._.T ................................. |T .......................................... :E
N LM3S100, Gen Pu rpose e Upto 12-bit ADCs * Home app lances ) o
« External Bus Interface * Industrial automation @
1000, 2000 WRIGZEN +  Small footprint * e-Metering S
Texas _ e CAN Open support * Motor control g
ey (51.90- $5.50) « Motion control PWMs * LED signage w
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http://www.ti.com/stellariskits�

Stellaris Evaluation Kits: “Zero-to-32bits” in 10 minutes

» Everything a developer needs to get up and running in 10 minutes or less
» Each kit includes: evaluation board(s), all required cables, a choice of evaluation tools suites for popular
development tools, documentation, StellarisWare® software, and applications notes

B

.
EK-LM3S811 EK-LM3S1968 EK-LM3S2965 EK-LM3S3748 EK-LM3S6965 EK-LM3S8962 EK-LM3S9D90 EK-LM3S9D92
Low pin count High pin count CAN Functionality =~ USB Host/Device Ethernet MAC+PHY Ethernet+CAN Ethernet+USB OTG Ethernet+OTG+MC
49 USD 59 USD 79 USD 109 USD 69 USD 89 USD 99 USD 99 USD

EK-LM4F232
USB + CAN
149 USD

* Five versions of each Kkit:

ARM|[YKEIL EKK-LM3Sx
 ARM RealView Microcontroller Development Kit tools with 32KB address Limit
SIAR  EKI-LM3Sx
* |AR Embedded Workbench KickStart with 32KB address limit
@ ContSouncery EKC-LM3Sx
===« Sourcery CodeBench G++ GNU with 30-day evaluation license
Mcode red EKI-LM3SX
* Code Red Technologies Red Suite with 90-day evaluation license
EKS-LM3Sx
* TI Code Composer Studio with full evaluation license locked to board

=
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http://www.arm.com/�
http://www.iar.com/p172/p172_eng.php�
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Stellaris® Roadmap (Public)

ARM Cortex-M3 ARM Cortex-M4F
Floating Point

VSV iy ed Point

gl ENET MAC & PHY
PIESEMUSE  SB & CAN options

i TEws
IETRMENTS RTP May 12 (TMX Now)

L MAE13x RLTJ';BM:/% /](-)ZTEBT-iMC):(ANNOW) MYPAP @l - USB H/D/OTG + CAN
* Motion Control Peripherals
LM4F12x * 80 MHz « 80 MHz

256K Flash / 32K SIRAM 256K Flash / 32K SRAM
T.E.' )
INSTRLMENTS

Low-powerSile Ao Low-power hibernate

2 x 1 Msps 12-bit ADCs :
8x UART, up to 6x I2C, 4x SPI [ s 12-bit ADCs

8x UART, up to 6x 12C, 4x SPI

MVERLIN Fixed Point
[MVRRI00} USB H/D/OTG
CAN options

ﬁ TExAS
[NSTRUMENTS

RTP May 12 (TMX Now) RTP May 12 (TMX Now)

LM4F11x e 80 MHz LM4F21x » Motion Control Peripherals
» 256K Flash / 32K SRAM *80 MHz
* Low-power hibernate * 256K Flash / 32K SRAM
) * 2 x 1 Msps 12-bit ADCs ki oo * Low-power hibernate
e . UART, up to 6x 12C, 4x SPI InsTRUMENTS S % e g.: R/Il\?ps 12-bit ADCs
e 2X
LM3S2000 e 8x UART, up to 6x 12C, 4x SPI

LM3S1000 Fixed Point
L M3S800 General Purpose

B CAN options
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1= A 2R B FT Stellaris® ARM® Cortex ™-M4F TIE i g8, vl 1R AL 4%
PRI R W F— MR ThFE &7 SRR

Tl RVERE MG ISR RE, PRI R GU AT T RE

R TIANE )

R /
o HTSLIL SRS ) E P RE 1912 £ ADC FIERHL LE i 28
« FTA I Stellaris Cortex-M4F MCU #2117 iz & s
o ik 256KB [HAFF1 32KB ) SRAM
o FEMIEZES: 8PMUART,6M2C,410SPI2MCAN. 1/USB OTG

L /

R b

$ie R (B A5 P I A2 D R T

o fPHLHIRIEE 1.6 pA
o 18 F kT B RS TS ) R G

W8 270+ %K Stellaris MCU £2FASTILULIH RS, JERIAIRRRE

1 StellarisWare #cfF % 1. FLIEE = 5 1 _E iy oy

o TI A i StellarisWare® B4 S8 T #2818 255 14 Cortex-MAF 6877, 8 1E i RBR 3 m RS &2 %
o FREIRAF R B A FIROMIX., TR A ZE AL FE AN IRENAE 7 e 8 SN AR Y S R 36 A

o A EL 5 VR4S B AF T SEBLAE 10 43 Bh Bl 5 e A et Ta) B s ek X3 Bl w1t

o T 65 nm LZRSEIUE EEE . 5 RNAE GBS I FER KR i FR IR
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40 & Stellaris Cortex™-M4FKMCU

ARM®

80 MHz

JTAG

FATEO

8 /4~ UART
4 A SSI/SPI

USB 45i&
EHL/B&0TG

2/~ CAN
6/ I°C

Cortex™-M4F

MPU

NVIC ETM
SWD/T FPU

bk et
2ANERE
VRN
16 > PWM % 4
SE I 2%
A &

PWM PWM
RAEHR H T

FUIX KA A%

H%ﬁ%?i%ﬁ?

ARG (SysTick) @ 88

12 N 5ERT 3%/ PWM [ CCP
64> (EAN32418k 2x164)
6 (BAGALER 2x3241)

2B E R3S
GPIO
32 J@1E DMA

R oy B R S R
I R

= BRI SR Ak
« % 1 MSPS 12 fi7 ADC

o LAY
AL

EERERINEE:
£ B EREINE: 8PUART,67M2C, 41
SPI.2/CAN. 11 USB OTG

B{KIh#ER Stellaris MCU

« FIFLAIRIR S 1.6 pA

« 1547 RTC Sk % 1.7 pA

o MR E]: 500ps B fE

« BT TI LA 65nm LEFHA
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http://www.ti.com/am1x-prhome�
http://www.ti.com/am1x-prhome�
http://www.ti.com/am1x-prhome�
http://www.ti.com/am1x-prhome�

Stellaris LM4Fx is ISA-compatible with LM3Sx
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( LoR ) (LDRB ) [ LOM )
(LORH ) (LDRSE) (LDRSH)
(G (&) o)
(UL ) (VN ) [ ORR )
(REE ) [ 58C ) [ 5™ )
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CLREX

EDR
LOMDE LORE
LORERL
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LORSHT LORSH
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o
MRRC
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REVEH

D GRS GEITED
LD GEEOED GELLIED
D GRS L

D G GELTED GELTED GRS GRS GECLAD
D GEIIED GEEUED GRS LD GEECIED GEECAND
D GRS GELTED GRS GRS GRS GRS
D GEID GEITED G

CORTEX-M3

SMLARE SMLABT SMLATB SMLATT SMLAD m

GEITED GETTED
GEITED GETTED
GEIEED G
GETED G
D GEETIED
GETIED GRITEIND
D GEITED
T GRIITED
GEITED GEIITED
D GRS

R GIIIIED GEETED GEIIED NS GRS GEIIIED Cortex-M4

[ VABS L VADD I VCMP J(  VCNPE JC VEWT I vevie ([ VDI J( VLDM L VLDR )
[ VMLA 30 VLS 3 vmov 3 VMRS 30 VMSR 30 VML A VNEG I "D T |
f WM UL L VPGP L VPUSH 1L VSORT I VETM I VETR J( vilB )| Cortex-M4F

13 TEXAS
INSTRUMENTS




Cortex-M4F Benefits (wrt M3)

ARM Cortex M3
IEEE 754 Float
SIMD

Basic DSP Instructions

ARM Cortex

MAF

@ mﬂMEﬂT‘S




Cortex M4F Enhances Audio

Application Cortex-M4F vs. Cortex-M3
Audio — window overlap & add 1.8-2.6x Faster

FIR Filter 2Xx Faster

IIR Filter 2x-3x Faster

MP3 Decode 2x Faster, 15% code reduction
WMA Decode 1.6x Faster, 9% code reduction
Audio Post Processing 2x Faster, 20% code \reduction

Cortex M4F Enhances Motor Control

Application Cortex M4F vs. Cortex M3
Motor Control — Clarke Transform 5x Faster
Motor Control — Park’s Transform 7x Faster
PID 4x Faster

Cortex M4F Enhances DSP

FFT 2x Faster
Matrix Multiplication 4x Faster
Correlation (Floating Point) 10x Faster

- J - —




Single-Cycle MAC Benefit — IIR Filter Example

Cortex-M3 Cortex-M4
cycle count cycle count

**X++;

XN * bO;

= XNml1 * bl;
= XNm2 * b2;
= yNml * al;
yN -= yNm2 * a2;

*y++ = yN;

XNm2 = xNml;

XNm1l = XN;

yNm2 = yNml;

yNm1l = yN;

Decrement loop counter
Branch

<
=
I+ 4+ 111

| |
SURNIENENEN

NFPRPRRPRPEPNO0OWOWWWN
NFPFRRPRRPRPNRPRPRPREPEDN

y[n]=bx[n]+bx[n-1]+b,x[n-2]
~ay[n-1]-a,y[n-2]

\_

e Only looking at the inner loop, making these assumptions
o Function operates on a block of samples
o Coefficients b0, b1, b2, al, and a2 are in registers
o Previous states, x[n-1], x[n-2], y[n-1], and y[n-2] are in registers
e Inner loop on Cortex-M3 takes 27-47 cycles per sample

~

e Inner loop on Cortex-M4 takes 16 cycles per sample (40 to 65% cycle reduction!!!)

%
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TI 5 Wi StellarisWare® B4

b b
D
3

&

s AR RH CIC+H+ 1B F, H 2SR &S sh AU
o WEISA R IREFF I, F 3R AE N I SCFF

It 250 Fi

API FT#2fit
P B~ SCRF
XHRFH T

Rl 175 Fh AP TH [A]
USB 4. USB T4l
5, USB On-The-Go
(OTG) M H

nl % ¥ IEC 60730 AL T IR LRI
Class B NS EE R G
G4 ELR (RTOS) &5

Sl 7 KRBT
74

IEC 60730 LA
JE £ : R
RIS F AWLEN |
AR TR B Zetk
B AN FELR RS R
StellarisWare 44
it 700 #0 API FHT ety R 150 Fi API AT HRAEL it 525 BN R T AT i
AN HIARAL S A I D RE 37 AT g FE 1 I FHIhEE, W CRC &2 LK & IRARE 7= 5]
% K AES #
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StellarisWare® USB Library

* Free license & royalty-free drivers plus example applications to accelerate
USB implementation on Stellaris MCUs

 Examples available:

— Device Examples: — OTG Examples:
e HID Keyboard * SRP (Session Request Protocol)
« HID Mouse * HNP (Host Negotiation Protocol)*
» CDC Serial — Windows INF for supported classes
* Mass Storage . . .
« Generic Bulk * Points to base Windows drivers
* Audio » Sets config string
» Device Firmware Upgrade e Sets PID/VID
* Oscilloscope « Precompiled DLL saves development time

— Host Examples:
* Mass Storage
e HID Keyboard

* HID Mouse
* Isochronous Audio Input

« USB Device Firmware Update (DFU) now available in ROM,; just plug-in
and reprogram your firmware!

— Device framework integrated into USBLib

 TI sub-licenses Stellaris VID & PIDs for customer use
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http://www.usb.org/�

StellarisWare Graphics Library Examples

LUMINARY

Strings

Fnmitives T

LUMINARY MIGRO®

Canvas +

LUMINARY MICRO"

Canvas

LUMINARY

Group One

N

T

Radio Buttons | X

LUMINARY MICRO®

Non-auts
repeat

Pugh Buttons @ +

LUMINARY MICRO"

Push Buttons

LUMINARY

oEieCh

Checkbox +

LUMINARY MICRO®

1
Container

LUMINARY MICRO®

Container

!

LUMINARY

7
9
7
2

Hint: The code is 69058

LUMINARY MICRO®

Security Keypad

_BLDC Motor RDK_
LUMINARY MICROD
-~ T'Wwf

- 3000 rpm | 4

-~

rpm
@-‘ (Run
Stop

LUMINARY MICROD®

BLDC Touchscreen Motor
Controller

TeExAS
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StellarisWare® Graphics Library

Special Utilities

ontview

0

ZF
iad

28
L=

B0acsSe

— pnmtoc: Convert image file to GraphicsLib format

BBacsS8

— ftrasterize: render your own font B
. . . . ke e L [T T H

— mkstringtable: build multi-language string tables :::;% ;j ;{, f,i; ;j ;Zi ;; EU;
— makefsfile: dump binary files as C arrays oacze 7F 2F ZF 3 ZF 7 @ T
. . . macio 2F 2F ZF BF ZE ZF 2 T

— Imi-button: predefined button with shadow and 3-D s el e e e T
Z 2y

2 LI L

N
Nax

* International Fonts; program HMI in more languages

— e.g. Chinese, Korean, Japanese ideographs,
accented western European characters, etc. tontview

— Supports UTF8, 1ISO8859 and Unicode. 20597 chars fron 008004200
nosr7e 18 . . EEHFEREBECEECREME
oosrse MRIEIEZRBREE . B . . &

onsvon PR . AT RIE . fELHHRA .

225 chars fron 0100000020 e ol o o BwoDBOTB41 E
pocas ¢ EHY | § T O2«--@®" 0e3041 & NS ey

L >
23’““';19»%%%i 203049 H

S oesest |F

woco AAAAAAZCEEEETTTI

aoarso0 T£ . . 1B . ROIMFEGT . &% . BE&E
narbe . . TRttt . RIBR . B4R . . . &
oosrco IRRIRMEMIK . . BEE . BHEE
ooaran A . B1R . (B FEHERESHREE
aaren PR1E . B . . & . MW . AR
aoarre . fE . HEERMEREIENE . B, . . &

-
P

pegobe ° *
7

gosess G
oo3esl
uwupud(i(’idaﬁagéééei [ oosoes &

ST R (=S
FJ &1

o
B

won §AO 66606 -ouGOUYp Y sosors (F T
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Low power on Stellaris LM4F

* Lowest-power Stellaris MCUs
- Built on Tl-proprietary 65nm technology
- Wakeup times of 500 us or less
- Active currents as low as 375 uA/MHz
- Standby modes as low as 1.6 pA

* Intelligent Design
- Dedicated wake pin
- Retain your application state using
64 bytes of backup battery RAM
- Maintain your system state by
retaining the state of the GPIO pins
 Easy to use
- Pick your wake events: RTC match,
external wake, or low-battery detect
- Best-practice reference design available
on evaluation kit

[ -

A\

# RTCCLK

Intermupts

HIBCTL.CLK32EN
XDSC0 — | Pre-Divider
X0sC1 "|[CHERTCT

HIEIM
HIERIS

HIEMIS

HIBIC

RTC §
Mon-Volatile HIERTCC

Memory HIBRTCLD MATCH
16 words | HIBRTCMD |

e

HIECTL.RTCEN %

WAKE

Low Battery

Ve ———— Detact Sequence

HIBCTL BATCHK HIBCTL EXTWEN
HIBCTLVABORT

HIBCTL HIBREQ

HIBCTL.BATWKEN

_f Y
HIBCTL.LOWBATEN HIBCTLPWRCUT
HIBCTL.VBATSEL HIBCTL.RTCWEN
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Analog Integration on Stellaris LM4F

External Voltage Ref
VDDA/GNDA (VREFA+/VREFA-)

Trigger Events

Comparator ———> [ —
GPIO%Q 0
Timer——>|2 @ Control/Status Analog to Digital c 24 x Channels
PWM—> Converter (Analog Inputs)
T
T~ , ey
ADCEMUX 54 Samplo Don’t sacrifice
Hardware performance
Interrupts Int t Sample Average for accuracy
ggrr]:l:gl Sequencer
(x 4)
Conversion .
FIFOs Cor? I%::zltors
(x4) P
|
Integration that saves customers $ Intelligent ADC design for lower power

- 12-bit ADC @ 1 MSPS

o - Programmable sample sequencers (SSx)
- Built-in temperature sensor (= 5° C)

. RPN - Conversion FIFOs to store conversions
- Eight built-in digital comparators

- Supports single-ended & differential inputs - Internal Frlggermg from other perlphe_rals
- Three built-in analog comparators (not shown) - Automatic DMA transfers on completion

1§ TExas
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Integrated EEPROM on Stellaris LM4F

 Integration that saves customers $
- 2KB of integrated EEPROM
- Customer BOM savings up to $0.30 cents

* Intelligent Design

- Avoid SW polling by utilizing an interrupt E Xte m]@l]
indicating write completion

» Secure and Reliable R OV
- Up to 96-bit password protection for stored
information

- Built in wear-leveling allows up to 500K
erasures of a single word
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o BT WIREAE S AT A 3 AT AE 10 430 B 58 55 i (8] Y /5 2))
o TR AN T RE

« 96 x 64 & OLED & /rx#31'M{E | StellarisWare™ 43k 4 1]
KT JE 10 34

o TFE/RP

TR P R FET R
« 3% 7 5 Fii I IDE 1345

> |KEIL

5IAR -
gSTEMS 3cnde_red

(% CODESOURCERY

now part of Mentar Embedded

Code Composer Studio™ IDE
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Thank You !
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