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AIAGPQIH MAGHMATOX

ALOAEEEIC OPYITEKTOVIKTC VITOA. GLGTIUATOV

UE EUYOTN TTO. EVOWUATWUEVO, OLKTOOKA TOOTHUOTO.
AOAEEEIC TPOYPOUUUATIGLOD EVOOUATOUEVOV GLCTIUATOV
Ewwd Bépata pkpoeieyktov ocucOntmpwv

Eupaon oro TI MSP430 / MSP432

AGKNGELC KOl TOPAUOELYLLOTO TPOYPULULOTIOLOV
EVOOUATOUEVOV GLGTNUATOV

Avabeon epyociog avanTuENG EQAPUOYNG
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BAXIKEY ITPOAIATPA®EY — X XEAIAXTHX

FUNCTION (dedicated system) — Systems Eng.
Form factor — Area - H/W Eng. ( EE +ME)
Portability —-H/W Eng.

Cost - H/W Eng. + Production Eng.

Low Power (Battery Life) (H/W + S/W Eng.)
Response Time -- Real Time Systems (S/W Eng.)

Fault Tolerance (S/W + H/W Eng.)
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APXITEKTONIKH

Block diagram
(H/W —S/W)  Block diagram of embedded system

MEMORY  mmmp

¥
AD mmp CPU = DW

ACTUATORS

http://www.slideshare.net/apurvazope/introduction-to-embedded-systems-59534882
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L YXTATIKA

AmopoitnTa:

Microprocessor / DSP

Memory (On-chip and Off chip)

Communication path with the interacting environment
[IpoapetiKa:

Storage (permanent memory)

User Interface

Sensors

Converters (A-D and D-A)

Actuators
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APXITEKTONIKH - |1

Block diagram
‘Eppoon oty aiinAenidopaon (1/0)

Bus?
Embedded systemn
Microcontroller  LIVIBS or TMEC Electrical,
Processor A ! m echanical,
i . chemical, __[].
I'O Ports =1 or -
RAM pelll el optical : -
- ;: devices -
Lo l ~DAC | Analog
Fus AT e signals

http://users.ece.utexas.edu/~valvano/Volumel/E-Book/C2_FundamentalConcepts.htm
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APXITEKTONIKH - AIAAPOMOI

Bus = Ynewoxn (mapdAAnin) entkotvovio,
2XOUTAEY O, YNOLOKDOV oyYDV (O180pOLOC OEOOUEVMV)
Metapépet povadeg mAnpogopiag (bytes, words,...)

EAéyyeton amd (ko cvvoéel) uikpoenesepyaotn n/kar DMA

Computer Bus
t L 3
Processor 1
4T Input ; I = Input
potts [* Egternal{_PhFSiﬂal ~—signals
EAN T | cirouits devices
l 1+ Output = — —> Output
potts [ —- —= signals
E.COhg 1
3
3
A ddress Control
Data

http://users.ece.utexas.edu/~valvano/Volumel/E-Book/C2_FundamentalConcepts.htm
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MIKPOENIEEEPTAXTEX

ALU /0 ALU /O
Address l
bus Y Y
instructions
and instructions data
data
VVon Neuman architecture Harvard architecture was coined to

Area efficient but requires higher bus describe machines with separate
bandwidth because instructions and  memories.
data must compete for memory. Speed efficient: Increased

parallelism.
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ADVANCED HARVARD (ARM CORTEX)

Awyopiopog I- kot D- 6100poumv omd tov 0180poo
GUGTNLOTOG

Aoy @plouog TV powV TPOYPAUUOTOS Kot (EEMTEPTKMV)

OEOOUEVOV
It.".TJLI:rc:-n:c:-ﬂ.trt:-ll“narIL Sf:ist im*bus
l L ARM® Cortex ™.
T prOCESSOr +
YT b Iﬂput ::
PPE I I I i potts [
Internal -
peripheral s ﬁ?’h‘rm“d ™
ighe perf 4 Chutput [
Bus i l' ports [*
: T— Instructions —% ¢ ¥
Flash EOMI Dista
e F Y ¥ R At
ICode bus DiCade bus
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MIKPOEAEI'KTEX

= A highly integrated microprocessor designed specifically
for use in embedded systems. Microcontrollers typically
Include:

= an integrated CPU
= memory (RAM + ROM / EPROM / EEPROM)
= input / output devices
= ADC (Analog-to-digital) converters
= DAC (Digital-to-analog) converters
= UARTSs (Universal Asynchronous Receiver Transmitter)
= [2C (Inter-Integrated Circuit)
= Accelerators (video, encryption)
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MIKPOEAEI'KTEX

M%A! MODB/
U Vsray XTAL EXTAL E R XIRG RESET
i ¢+ 1t 1 41 4 — tven
[ OSCILLATOR ]
RO S e INTERAUPT LOGIC L Vss
5 EEPROM
o.
S g CPU VRH
= RAM |
< & Wigﬁ%@'@o’“ ADDRESSIDATA Iz,
2| TIMER T
3 8 T WO 1| = || | socovoms
& STROBE AND HANDSHAKE &
> PARALLEL /O Q =
—
¢ ]
CONTROL
D [ PORT ]

PDATXD =t L
PDOMRXD - 3 RxD

PD2MISO < § % —»{MiSO
=

*PEGIANG ] |

*PES/ANS

"PETIANT —|  fi

PD5/SS <> {38
PD4/SCK -t -3 SCK

PDIMOS| =3~
*PE4/ANG —3»
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MICROCONTROLLER CHARACTERISTICS

Integration: Able to implement a whole design onto a single chip.
Cost: Are usually low-cost devices (a few $ each);
Clock frequency: Compared with other devices (microprocessors and DSPs),

MCUSs use a low clock frequency:

MCUs today run up to 100 MHz/100 MIPS (Million Instructions Per
Second).

Power consumption: Low power (battery operation);

Bits: 4 bits (older devices) to 32 bits devices;

Memory: Limited available memory, usually less than 1 MByte;

Input/Output (1/0): Low to high pin-out count (8 to 150) .
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HIGH END MICROCONTROLLERS - SOCSs

Integration: Many processors (cores) and accelerators on chip.
Cost: Significantly higher than uCs;
Clock frequency: High, typically > 1GHz

Power: Very high compared to uCs; advanced power management
\oltage islands
Clock scaling / voltage scaling (from 0,5V to 1,8V)

On chip video/LCD driver and more

From the SW point of view: NO DIFFERENCE between a big SoC
and a (respectively) complex motherboard

EXCEPT: for debugging /SW verification
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SoC EXAMPLE

M-Comp SlimS5S 35, 4 ; , = Gx SPI
l f Eu= Sx HSI2C
A LUART
2=

PCRA

Unknown
AL AL SPDIF

Py A

e ANANDITECH ..

e Exynos 7420 See-
I I Abstracted Floor Plan

BUSD EDe/2015 Andrei Frumusanu

BUS1

1

G20
Shader

Core
Scaler

AS Scaler

5127KB 12

5P
BMNS 3IA8
FRL Shader Shader

Core Core
ISP + Cameras

[Largely unknown)

= e Shader Shader Shader
WG Core Core Core

[ TR MCMIS UniPro

UFS 2.0

3 |

[ DISPO ranC DISP1
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APPLICATION SPECIFIC ICs (ASSP)

Integration: Between uCs and SoCs.
Clock frequency: High, typically >200MHz
Serves a specific kind of applications

Example: IP phone code!
(can be also stand-alone AC495E

phone) AC49x-DSP

DDR 150 MHz

Memory
Interface

Security
Acceolerator

Async
Memory
Interface

Gigabit
Eth

Switch
Packet
Filtering

LCD
Controller

Keypad 3x8

Y Y YYYY VY

http://www.audiocodes.com/products/orchid-ac495e-
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Microcontrollers (MCU) Application (MPU)

MSP430  C2000
16-bit 32-bit
IR 0 Real-time

Power & Cost

* Real-time
C28x MCU

MSP430
ULP RISC
MCU

e Low Pwr Mode

» Motor Control

=250nA (RTC) . .
- 770nA (LCD) °* Digital Power
» Analog I/F * Precision
« USB and RF Timers/PWM
TI-RTOS TI-RTOS (k)
Flash: 512K 512K
FRAM: 128K Flash
25 MHz 300 MHz
$0.25 to $1.85t0
$9.00 $20.00

TivaC Hercules

32-bit 32-bit
All-around
MCU Safety
ARM ARM
Cortex-M3
Cortex-R4
o 32-bit Float « Lock step
* Nested Vector  Dual-core R4
IntCtrl (NVIC) ECC Memory
* Ethernet . ”
(MAC+PHY) SIL3 Certified
rd
TI-RTOS 3" Party
(only)
1MB 256K to 3M
Flash Flash
120 MHz 220 MHz
$1.00 to $5.00 to
$8.00 $30.00

Sitara DSP  Keystone
32-bit 16/32-bit 32-bit
Linux All-around Massive

Android DSP Performance

«Al5 + C66
«$5Linux CPU  «C5000 Low LFJiX 2 1F;oat
. i Power DSP  * Up to 12 cores
3D Graphics W' | 4 M5 +8 C86x
« PRU-ICSS * 32-bit fix/float DSP MMAC's:
industrial subsys C6000DSP * D3P MMAC'S:
Linux, Android, C5x: DSP/BIOS Linux
TI-RTOS Kernel C6x: TI-RTOS (k) TI-RTOS (k)
L1: 32K x2 L1:32Kx2 L1:32Kx?2
L2: 256K L2: 256K L2: 1M + 4M
1.35 GHz 800 MHz 1.4 GHz
$5.00 to $2.00 to $30.00 to
$25.00 $25.00 $225.00



XAPAKTHPIZTIKA MSP430

Ultralow-power architecture
= 0.1-uA RAM retention, 0.8-pA real-time clock mode
m  250-pA / MIPS active

16-bit RISC CPU
m 27 instructions and 7 addressing modes

von-Neumann architecture has one address space shared with

m special function registers (SFRs)
m peripherals
m RAM (128 bytes — 2k)
= Flash / ROM (1k — 60k)
In-system programmable Flash
Analog
m 12-bit or 10-bit ADC, 12-bit dual-DAC
USART Peripheral Interface
Digital 1/0 ports
m Two, Three or Six 8-bit /O ports

S8 e -A MHX. IAHPO®OPIKHE, TEI HIIEIPOY - XTE®
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RESOURCES
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http://www.ti.com/msp430

Series
Part Number

NVM (max KB)

SRAM (max KB)
GPIO
Comparator
Timer

ADC

DAC

UART

[’C

SPI

Capacitive touch
Multiplier

DMA

Op amps

LCD

RTC

PMM

1.8-VI/0

CRC

High-resolution timer

USB

Hardware encryption (AES)

FRAM
RF

Max speed (MHz)

/|

Ultra-Low Power

\/|

Low Power + Security +

Performance Communications
L09x

Low Voltage = G2x/12x Fix F2x/Fax FRAM F5x/6x

16 16 16

56 120 120 ROM Fixed Function 32
4 10 8 4
4-32 10-48 14-80 Upto 8 30-44
o . o o
L L J L] L]
7 ° o On select
. o
L L L]
L L J L]
L L L]
5
L

L ]
L J
Low Power + .
Performance o
[ ]
[ ]
[ ]
L J
On select
Ultra Low Security + 1356 MHz ~ Sub-1GHz
Power Comm (S0 15693 or IS0

4443B interface



FRAM MCU DELIVERS MAX BENEFITS
| FRAM | SRAM | EEPROM | Flan _

Non-volatile

Retains data without power Yes No Yes Yes
Write speeds 10ms <10ms 2 secs 1 sec
Average active Power
 LAMHz ) 110 <60 SO0mA+ 230
Write endurance 1015 Unlimited 100,000 10,000
S Dynamic Yes Yes No No
it-wise programmable
Unified memory
Flexible code/data Yes No No NoO

partitioning

@ TMHMA MHX. TIAHPO®OPIKHY, TEI HIIEIPOY - XTE®




Foxx Key Features

Ultra-Low Power
¢ 160 pA/MIPS

Unified Clock -bi
¢ 2.5 pA standby mode System
Controller

MSP430F5xx Block Diagram

¢ Integrated LDO, BOR, WDT+, RTC Enhancsd
Power Management loesce
¢ 12 MHz @ 1.8V ] Conrol
. Supply Supervisors JTAG Watchdog
¢ Wake up from standby in <5 us Supply Monitors Spy BiWire
Brownout Interface
Increased Performance
Computation Timing and Control Signal Chain Communication /0 & Display
‘ Up tO 25 MHZ Hardware General Purpose UniversaI'Sel_'iaI General
imers Capture ommunication urpose H
. 32).(3? .I;ompa(r:e P:NM’ B0 ¢ Interface; PZII-UpIng?n
L 4 1.8V ISP FIaSh erase and write Multiplier Outputs (SPI, UART, 12C) High Drive

# Fail-safe, flexible clocking system - - w820 | segmented
CRC + ADC (Full Speed) LCD, Static,
. RTC Engine + PHY Muxed
¢ User-defined Bootstrap Loader :
¢ Up to 1MB linear memory addressing

Innovative Features

¢ Multi-channel DMA supports data
movement in standby mode

¢ Industry leading code density

¢ More design options including USB,
RF, encryption, LCD interface

Looking at the 'FR59xx...




ANATITYZEIAKO XYETHMA: MSP432 LAUNCHPAD (1/3)

o USB-based MSP430 development tool to evaluate the MSP432 microcontroller;

o The MSP432P401R LaunchPad features the MSP432P401R low power
microntroller — which includes a 48MHz ARM Cortex M4F

o It includes an on-board emulator
with EnergyTrace+ Technology

» You can program and debug your
projects through CCS and USB,

» while also measuring total system
energy consumption

S8 3 .HMA MHX. IAHPO®OPIKHE, TEI HIIEIPOY - XTE®



http://www.ti.com/energytrace

ANATITYEIAKO XYETHMA: MSP432 LAUNCHPAD (2/3)

MSP432 features and integrated peripherals:

48MHz 32-bit ARM Cortex M4F with Floating Point Unit
and DSP acceleration

Power consumption: 95uA/MHz active, and
850nA RTC standby operation

Analog: 24Ch 14-bit differential LMSPS SAR ADC,
Two Comparators

Digital: Advanced Encryption Standard (AES256) Accelerator, CRC, DMA,
HW MPY 32

Memory: 256KB Flash, 64KB RAM
Timers: 4 x16-bit, and 2 x 32-bit
Communication: Up to 4 12C, 8 SPI, 4 UART

&> ..- TMHMA MHX. TIAHPO®OPIKHY, TEI HIIEIPOY - XTE®




ANATITYEIAKO XYETHMA: MSP432 LAUNCHPAD (3/3)

Board features:
Highly integrated, ultra-low-power MSP432 MCU,

40 pin BoosterPack Connector,
and support for 20 pin BoosterPacks

Onboard XDS-110ET emulator featuring
EnergyTrace+ Technology

Back-channel UART via USB to PC
2 LEDs for visual feedback:

2 Interruptible push buttons for user feedback.

&> ..- TMHMA MHX. TIAHPO®OPIKHY, TEI HIIEIPOY - XTE®




Nwc va diaBaloupe Texvika ‘Eyypaga (1/6) Q

0 O1I KATAOKEUAOTEG NAEKTPOVIK®WV EEAPTNHATWV NAPEXOUV
(PUAAGJSIa OBONEVWV NOU NEPIEXOUV NPOodIaypapEC Kal
NEPIYPAPOUV TA XAPAKTNPICTIKA TOUG.

d Ta puAAadia 5850|.I£V0)V divouv Ta nAeKTpIKAa
XAPAKTNPIOTIKA TAG 5|C|TC|E|1¢; Kdl TIG )\slToupylsg TV
akpodekTWV (pins), XwpPIc ou(oq va NEPIypapouv
AENTOHEPEIAKA TNV ECWTEPIKN AEITOUPYIA TOUG.

Q Ma 116 N1o NoAUNAOKEG 31aTAEEIC NAapEXOVTAl TEXVIKA
Eyypaga novu BonOoulv oTnv avantuén epapuoymyVv, onwc:

= Snuelwoelc Eqpapuoywy;
= Odnyoucg XpnoTwv;

= Odnyouc 2xedlaoTwyV;

= [lakeTa oxediwv, KTA...

Copyright 2009 Texas Instruments
All Rights Reserved

www.msp430.ubi.pt



Nwc va diaBaloupe Texvika ‘Eyypaga (2/6) Q

d Ta puAAadia dedopevmyv nepiAapgpBavouv NANPOPOPIEG:

= JYETIKA PE TNV XAPAKTNPIOTIKN apiBunon Tng 1ata&éng n tng
ocipac Tng diaraénc.

= HAEKTPIKA XAPAKTNPIOTIKA:
e MeyioTn KAl EAAXI0TN Taon A€IToupyiag
e EUpocg Beppokpaciag xpnong n.X. 0 eéwg 70 BaBuoug C

e H duvaToTnTa 0dnynonc yia kabe akpodekTn €€0d0uU,
ONw¢ €NioNC TO GUVOAIKO OpPIO TOU OAOKANPWHEVOU.

e JuxvoTnTec PoAoyiou

e Ta nNAeKTpIKA XCIpCIKTI’]pIO‘I'IKCI TWV AKPOOEKTWV
(xwpNTIKOTNTA, AYWYINOTNTA, avTioTaon)

e Avoxn BopuBou n o BopuBoc Nou napayeral ano Tnv idia
Tnv diaTtaén.

e DUOIKEC AVOXEG...

Copyright 2009 Texas Instruments
All Rights Reserved

www.msp430.ubi.pt



NMac va diaBaloupe puAAadia dedopévav (3/6) Q

Q ®duAAadia dedopevmwv Tou MSP430:

T 1 1 1 T
= H diaTa&n exel eva PJeyaAo apiBPo NeEPIPEPEIAKWV
1 1 1 T 1 1 1 1 \
= KaBe akpodekTnC e100d00uU/eEOOOU cuUVNBWC €XEI NAvw ano Jia
T
AgiToupyiaq;
I
T 1 1 1 1 1
= [lepitAauBavel nivaka nepypaene TnG AsIroupylac Kabe akpodektn
=
10 B o} ; E
— (7o}
= [lapadeiypa, ApiBuoc akpodektn 2 = P6.3/A3; . I8
J I0x
Q D—EE
¥ v L] L . n 5 fa FogﬁSGGEENOﬁN
o Wnoiakn Bupa 6 eicodou/eEodou bit 3 ogglEiZ BB sRizibeiseiag
I 0PR8I -SFExnESTSRS-~aaINEeRO=anD
S2>000NO0OS00FEkFErrerr-r=-aaa o
o< o0oadfFFRFREXX0o0o0o0O0OAQAOAOAQ A
1 1 minininininininininininininininininininininininin)
o 3I’] GVG)\O |K Elcoao 838588339583 8588383358RRRRE
. DVeer 41 (0 75 |1 P2.4/UTXDO
P6.3/A3 [ 2 74 2 P2.5/JURXDO
P6.4/A4 []3 73 |J P2.6/CAOUT
P6.5/A5 [] 4 72 |3 P2.7/ADG12CLK
P6.6/A6 [] 5 71 [ P3.0/STEO
P6.7/A7/SVSIN [] 6 70 |2 P3.1/SIMO0
VREF+ [] 7 69 [ 1 P3.2/SOMIO
XIN [ 8 68 | P3.3/UCLKO
XOuT [ 9 67 [1 P3.4/TB3
VeREF+ [] 10 66 [] P3.5/TB4
VREF-/VeREF- ] 11 MSP430F447IPZ 65 [1 P3.6/TBS
P5.1/S0 [] 12 MSP430F448IPZ 64 [ P3.7/TB6
P5.0/S1 [] 13 MSP430F4491PZ 63 [1 P4.0/UTXD1
S2 [] 14 62 |1 P4.1/URXD1
s3 []15 61 [J DVgsp
s4 [ 16 60 [1 DVeen
S5 [ 17 59 |0 P5.7/R33
S6 [] 18 58 [1 P5.6/R23
87 [ 19 57 |2 P5.5/R13
S8 [ 20 56 |[J RO3
S9 [ 21 55 | ] P5.4/COM3
S10 [ 22 54 [1 P5.3/COM2
S11 [} 23 53 |1 P5.2/COM1
S12 [} 24 52 [1 COMO
S13 [ 25 51 |1 P4.2/STE1/S39
e ansessssisse.seiesians
mmmmmmmmmmmmmmmmmmmmmmm
OO0 0000000000OoooooooOoog
mmmmmm TN FHDONONO — N O WODONO
&aaaaaawmm%%%%%%%888@@@22
13252
229
)
e

Copyright 2009 Texas Instruments
All Rights Reserved
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;é ;’ Nwc va diaBaloupe Texvika ‘Eyypagpa (4/6)

UBI

d 0dnyog xpnotn MSP430 :

= Ta NeEpICOOTEPA NEPIPEPEIAKA avanapioTavtal Je Aopika
Alaypappuara.

= [Mapadeiypa: Mepog Tou THAMATOC Tou OopIKoU d1aypapuaToqg
poAoylou Tou MSP430F44x :

FLL_Divx

T
Cevider -
firaig ACLKMN
[, forysta .
- o
O=SC0FF XTE_FLL V ACLE
T | |
— - SOG0  PUG
— - o
— ) LFoHT .
_{-__ Enalbke  Ressl
WOUT av o
KT 10 ] + SELMx
10-04
%k LFTI Osciliator Froquency PR
Iniegrator
— oo
= - {0
10
10 L
E 1 1 ALK
[n nin]
| -
Mo atne 1

Copyright 2009 Texas Instruments
All Rights Reserved
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’é ,';’ Nwg va diapaloupe Texvika ‘Eyypaga (5/6) b

UBI

d 0dnyog Xpnotn MSP430:
= [Mapadeiypa: Aopiko Alaypappa Mepoq THANATOC poAoyiou Tou
MSP430F44x: Aentopepeia SELMx

SELMX

—{ 0o

= TMoAunAegia: (4 icodol o 1 €£050): 1.F
e SELMx = 00: H €§odog dpopoAoyeiTal oTnv o
1n €€000 TOU MOAUNAEKTN -~

e SELMx = 01: H €€odoc dpopoAoyeital oTnv
2n €€000 TOU NOAUMAEKTN Kal auTo ouveyileTal..

. (SESLEI\)/;X gival gia pvnuovikn Agén 2-bit: SELM1 (MSB), SELMO

= [1a va XpnolyonoinBei To NEPIPEPEIAKO, €ival avaykaio va
dlapopPpwbouv oI KaTaxwpnTeC:

e SELMx BpiokeTtal otov FLL_CTL1 kaTtaxwpnTn.

Copyright 2009 Texas Instruments
All Rights Reserved 29
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Nog va diaBaloupe Datasheets (6/6) QP

Qd 0dnyoc xpnotn (User’s Guide) Tou MSP430 :
= SELMxX €ival To 3° kal 4° bit Tou FLL_CTL1 kaTtaxwpnTn

1]
gEAEYXOU.
FLL_CTL1, FLL+ control register 1
7 6 5 4 3 2 1 0
- SMCLKOFF | XT20FF SELMx SELS FLL_DIVx
Bit Description
6 SMCLKOFF Disable the submain clock signal (SMCLK):
SMCLKOFF = 0 = SMCLK active
SMCLKOFF = 1 = SMCLK inactive
5 XT20FF Disable the second crystal oscillator (XT2):
XT20FF =0 = XT2 active
XT20FF =1 = XT2 inactive
4-3 SELMx Select the master clock (MCLK) source:
SELM1 SELM0O =00 = DCO
SELM1 SELM0O =01 = DCO
SELM1 SELM0 =10 = XT2
SELM1 SELM0 =11 = LFXT1
2 SELS Select the submain clock (SMCLK) source:
SELS =0 = DCO
SELS =1 = XT2
1-0 FLL_DIVx Select the auxiliary clock (ACLK) signal divider:
FLL DIV.O =00 = Divider factor: /1
FLL DIV.1 =01 = Divider factor: /2
FLL DIV.2 =10 = Divider factor: /4
FLL_DIV.3 =11 =3 Divider factor: /8
Copyright 2009 Texas Instruments
All Rights Reserved 30
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MSP430 ARCHITECTURE

o Block diagram:

T —————

et
= ¥ — X
.-.....-..-.ﬂ- \ - - - _.'_' ---- -Eaeee -.-.-

RISC CPU
16-Bit

Analog Digital
yeaichuien Peripheral Peripheral
- h-m--m!nn.nnhm”uw |
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MSP430 CPU

¢ o

¢

Efficient, ultra-low power CPU
C-compiler friendly

RISC architecture
+ Bl instructions
+ 7 addressing modes
+ Constant generator

Single-cycle register operations
Bit, byte and word processing
1MB unified memory map

+ No paging
Extended addressing modes

+ Page-free 20-bit reach

+ Improved code density
+ Faster execution

100% code compatible with
earlier versions

20-bit Address

RO/PC (Program Counter)

R1/SP (Stack Pointer)

R2
R3
R4
R5
R6
R7
RS
R9
R10
R11
R12
R13
R14
R15

Zero, Z
Carry, C
Overflow,V
Negative,N

dst

R2/CG1
R3/CG2
R4
R5
R6
R7
R8
R9
R10
R11
R12

R13

R14

R15

16/20-bit ALU

16-bit Data




Unified Memory Map

‘F5529 Memory Map

In -System Prog (ISP)

Write using: User
program, JTAG, BSL

+ Byte, word, long-word
+ Erase one (or all)
segments at a time

Main Flash

+ 512 byte segments

+ Start address moves
according to RAM

Info Memory

+ Use for your own
calibration data, etc.

+ 4 segments (A-D)
+ 128 byte segments

Boot Loader (BsL)

+ Program Flash/RAM

with serial (slau319)
+ Password protected
+ 512 byte segments

OXFFFF
OXFF80

0x2400

0x01CO

0x0000

Flash

RAM

INT Vectors

/

USB RAM

Info Memory

Boot Loader

Peripherals

sytes IMISP430 Memory

128K

80

+ Unified memory map
(program or da

+ Absolutely no

RAM

+ Always a contig. block

+ If enabled, USB port
uses first 2K

+ RAM segments can be
powered down

Device Descriptors (TLV)

+ Factory calibration
data, periph support,...

+ Found in peripherals
(at 0x1A00)



ADDRESS SPACE

Mapped into a single, contiguous address space:

All memory, including RAM, Flash/ROM, information memory, special
function registers (SFRs), and peripheral registers.

. Memory Address Description Access
M emo ry M ap . End: OFFFFh Interrupt Vector Table
_orrrrn | Word/Byte
Start: OFFEOh
End: OFFDFh
S S Flash/ROM Word/Byte
Start % _ OF800h [IFiin e
' 01100h
End *: — O10FFh i
" ___0107Fh 1 " Information Memory Word/Byte
Start: 01000h (Flash devices only)
End: OFFFh Boot Memory
Start: 0COo0h (Flash devices only) Word/Byte
End*: — O9FFh b o
C . 027Fh b RAM Word/Byte
Start: 0200h
End: ____ O1FFh 16-bit Peripheral modules Word
Start: 0100h
End: ____ OOFFh | 8-bit Peripheral modules Byte
Start: 0010h
End: ____ 000Fh | Special Function Registers Byte
Start: 0000h

TMHMA MHX. TIAHPO®OPIKHYX, TEI HIIEIPOY - XTE®




INTERRUPT VECTOR TABLE

Mapped at the very end of memory space (upper 16 words of Flash/ROM):
OFFEOh - OFFFEh (4xx devices);

Priority of the interrupt vector increases with the word address.

Vector Address Priority ‘2%X "Axx
DxFFFE 31, Highest Hard Reset/ Watchdoqg Hard Reset/ Watchdog
OxFFFC 30 Oscillator/ Flash/NMI Oscillator/ Flash/NMI
0xFFFA 29 Timer_ B (22x2, 22x4, 23x, 24x, 26%) Timer_B ('43x and'44x)
DxFFF3 28 Timer B (222, 22x4, 23x, 24%) Timer B ('43x and"44x)
0xFFF& 27 Comparator_ A+ (20x1, 21x1, 23x, 24%, 26%) Comparator
0xFFF4 26 Watchdog Timer+ Watchdog Timer
0xFFF2 25 Timer_A USARTO Rx ("43x and'44x)
DxFFFO 24 Timer_A USARTO Tx ('43x and'44x)
0xFFEE 23 USCI Rx (22x2, 22x4, 23x, 24x, 26%) ADC ('43x and'44x)
I2C status (23x, 24x)
OxFFEC 22 USCI Tx (22x2, 22x4, 23x, 24x, 26x) Timer_A
I2C Rx/Tx (23x%, 24x%, 26%)

OxFFEA 21 ADC10 (20x2 222, 22x%4) Timer_A

ADC12 (23x, 24%, 26%)

SD16_A (20x3)

OxFFEE 20 USI (20x2, 20x3) Port 1
0xFFEG 19 Port P2 USART1 Rx ('44x)
OxFFE4 18 Port P1 USART1 Tx (‘44x)
OxFFE2 17 USCI Rx (23x, 24x, 26x) Port 2

12C status (241x, 261%)
OxFFEQ 16 USCI Tx (23x,24x%) Basic Timer

12C Rx/Tx (241x, 261x)

15 DMA (241, 261x)
14 DAC12 [241x, 261)
13 to 0, Lowest Reserved

TMHMA MHX. TIAHPO®OPIKHY, TEI HIIEIPOY - XTE®




MSP430 GPIO (Chapter 3)

GPIO
CH3
XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA PB PC PD
| A | | | | | | P1.§l/ Pz.ﬂ, PS.ﬂ, P4.)/<+, P X Ps.ﬂ, P?.;ﬂ( Ps.ﬂ/ DP,DM,PUR

i v v v v A

!

Unified [ » ACLK
Clock

System | p SMCLK

IMCLK

CPUXV2

and ‘
Working
JRegisters]

v/ v ¥ .\
Full-speed
usB
USB-PHY
UsSB-LDO
USB-PLL
w w w ]

GPIO (Chapter 3)

¢ Independently programmable

4 Any combination of input, output,
o v interrupt and peripheral is possible

| ¢ Each 1/0 has an individually
JTAG/ TAO TA1 TA2 TBO
SBW v | I | I | I | IS | Qe programmable pull-up/pull-down

Interf: o
reraee 5CC 3cC 3¢C Tce resistor
Registers Registers Registers Registers

MAB

¢ Many devices can lock pin values

during low-power modes

‘F5529 block diagram
¢ Some devices support touch-sense

capability built into the pins




Digital i/o

d DSP MSP430 devices have up to eight digital I/0
ports implemented, P1 to P8. Each port has eight
I/0 pins.

d Every I/Oclain is individually confi?urable for input
or output direction, and each I/0 line can be
individually read or written to.

Ports P1 and P2 have interrupt capability.
The digital I/0 features include:
= Independently programmable individual I/0s
= Any combination of input or output
= Independent input and output data registers
= Individually configurable pullup or pulldown resistors

DO

d On eZ430 board, RED LED is connected to P1.0



HELLO WORLD

WDTCTL = WDTPW + WDTHOLD; // Stop watchdog
timer

P1DIR |= 0x01; // Set P1.0 to output
direction

for (;7)

{

volatile unsigned inti; // volatile to prevent optimization

P1OUT A= 0x01; // Toggle P1.0 using exclusive-OR
- Red Blinks

i =10000; // SW Delay

do i--;

while (i '= 0);
bs



AZKHZH (Project — I) +i3

d Hello world (LED blink)
J Exercises:
= Reduce blink Frequency
= Blink RED/Green (alternating)

» Blink Green twice as fast



