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Agenda - Dallas, November 2002

Optional Introductory Session
MSP430 Basics:
¢ Ultra-low power, high-performance analog and RISC CPU
¢ Roadmap
¢ Product family comparison
Embedded Applications:
¢ SAR and slope analog-to-digital converter comparison
¢ MCU best practice coding techniques
¢ Tools and resources
¢ “Flashing the LED” tool refresher
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MSP430 Basics

(1 Ultra-low power architecture
« 0.1uA RAM retention
« 0.8UA real-time clock mode
o 250uA / IMIPS active
. 1.8 - 3.6V operation
« Multiple oscillator clocking
« Vectored interrupt capability
o -40 - +85C industrial temperature

[1 High-performance analog for precision measurement

[ Modern RISC CPU enables new applications
[J In-system programmable Flash
[J Complete $99 integrated development environment

REAL WORLD S 16N . PRADCESSING \EﬁTE}L-'ﬁ.S INSTRUMENTS



MSP430 Modular Architecture

(P S0 Eh ED G b ED D @GP D G @D G @D @D @D @D @5 @D @D D @D @D @ ED @D @D @D @D @ W @ @D @b @D @D @ @ @ @b @ W@ @ @ @ ]
! !
| ACLK '
von-Neumann ! Clock | o FLASH RAM ' Architecture
1 | Generation :
common bus : SMCLK |\ reduces power
connects CPU ! > {  consuming,
to all memory E J7MCLK ! noise
] .
_ and E 1 generating
peripherals : ® ' fetches to
]
E RISC CPU § y memory
| 16-bit 1) :
] < ]
] [ H
: ° .
]
] ' )
Embedded % . : 16-bit bu_s
emulation ' handles wide-
: ] big | width dat
accessed | —| Digital |————— Analog : wi ata
in—application E SMCLK Peripherial Peripherial | much more
with JTAG | — — E effectively
| |
: !
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MSP430x1xx Basic Clock System Concept

32768

fCrystal ACLK .
—1 »  Peripheral
Auxiliary Clock

MCLK
\|\ ———*» CPU
; Main System Clock
Digitally Controlled DCO
Oscillator
SMCLK
Activity Profile — > gﬁgpsr;iglm cock
/ active active \
250uA —> - — . -
stand-by
=
we CEEEEIEEEE S --» Average current

<6 us Digitally Controlled Oscillator (DCO) start-up allows systems to remain in
a low-power mode as long as possible extending battery life
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MSP430 Orthogonal 16-bit RISC CPU

MDB - Memory Data Bus Memory Address Bus - MAB

[J Large 16-bit register file N o 4
e“mlnates Slngle RO/PC Program Counter |0
accumulator bottleneck R1/SR Stack Pointer 0

R2/SR Status

[1 High-bandwidth 16-bit data

and address bus with no o Coneln Seneee
. R4 General Pupose
paging Re  Generl Pupose
[1 RISC architecture with R6  General Pupose
27 instructions and R7  General Pupose
7 addressing modes RS  General Pupose

R9 General Pupose

[] Single-cycle register
operations with full-access

R10 General Pupose

R11 General Pupose

[] Direct memory-memory R12  General Pupose
transfer designed for R13  General Pupose
modern programming g R14  General Pupose 1|
[J Compact silicon 30% smaller 16| |7 |Ri5__Genera Pupose B
than an ‘8051 saves power NS NS
and cost OST ebitaLy o0 _—

< I

REAL WORLD SIGNAL PROCESSING \EITE}:AS INSTRUMENTS



MSP430 Roadmap

‘Ixx - No LCD ‘4xx - LCD Driver ‘bxx
1.8-3.6v / 60kB / Flash/ROM 1.8-3.6v /60kB / Flash/ROM 1.8-3.6v/128kB+/Flash/ROM
8MIPS / Basic Clock SMIPS / FLL+/SVS 30MIPS+ / FLL+/SVS

‘3xx - LCD Driver

2.5-5v / 32kB / OTP/ROM
AMIPS / FLL

Features/Performance
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MSP430x11x(1)

TEST

XIN  XOUT

--------------

FLASH

1/2/4kB

RAM

128/256B

Power-On
Reset

Port 1
with IRQ

e B et

¥ MCLK
RISC CPU
16-bit
AcLk | Watchdog
_|> )
15-bit
—
SMCLK

20 TSSOP, SOIC

R EAL

W ORLD S

Timer_A3

16-bit

Port 2
with IRQ

N AL

---------------

PROCESSING
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Watchdog Timer

WDTCTL PN
[] Software watchdog AP | msg | MPB
or interval timer wbTon N DEE 0™ .
. 4+—-Y 013 1—p <—
[] Eight software 2 |[4=—— 0—» «
H Q15
selectable intervals 1| . 1—p «
] C 16-bit Password
[J Access to WDTCTL A Counter 1—p] Com fg
must include s y 0— «—
ear
O5A00h password j 1= M <:>
. CLK
[] One interrupt PUC nalps 0™ equ [&
vector with enable £ Write Enable
QU —
: ) Low B R/W
and flags in SFR's <« oweye | XY
SMCLK > 1 oo |
ACLK p{ 1 NMIES
L NMI
— 1A EN
TMSEL
CNTCL
SSEL
IS1
Caution: Powers up active IS0

as watchdog ~32ms reset "
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Timer_ A3 Introduction

16-bit timer
or counter

Interval timer

Capture external
events

Compare PWM
mode

SCCI latch for
asynchronous
communication

Two interrupt
vectors with
enable and flags
in module
registers

W ORLD

S

TACLK —O

ACLK —O
SMCLK —O
INCLK —O

CCIOA —O

CCloB —O
GND —O
VCC —O

CCIo

CAOUT —O

15

CCliB —O
GND —O
VCC —O

CCi1

CCI2A —O

ACLK —O
GND —O
VCC —O

CCI2

N A

I G

L P RO

Divider [P CLK . _ ——P| count
16-bit Timer ]
%7 1/2/4/8 Clear RC Mode
| Set_TAIFG
>
POR CLR
Ccov 15 0
T |—> CCRO
capture | Llogic v
Mode Compararator 0 B P Output ouTo
Unit0
=7
CAP
Set_CCIFGO EN
A Y |—a SCCI
cov 15 0
T |—> CCR1
Capture | Llogic v
Mode Compararator 1 $ ] Output ad S
| Unitl
CAP
Set_CCIFG1 EN
A Y |—= SCCI
Ccov 15 0
T |—> CCR2
capture | Llogic v
Mode Compararator 2 > Output ouT2
Unit2
5 o
CAP
Set CCIFG2 EN
A Y |—a SCCI




Comparator_ A

[1 References
usable
internally and
externally

[] Low-pass filter
selectable by
software

[J Input terminal
multiplexer

[] One interrupt
vector with 2222 0 CAREF
enable and i g
flags in module i .

| _I_O_
reglste r
—O oO——— 0.25xXVCC
O—4

CCliB

CAOUT

set CAIFG
Flag
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What is Slope ADC.. Using Comparator A Q Example

MSP430F11x1
Oo— ] Vce
VCAREF 10k
t 10k= 10kxCx In
- Vcc 10k NTC
\V/CAREF
CxlIn
R.NTC _ 10k _ vee v D
10k VCAREF t 10k OLVSS CAREFY°
CxlIn _
Vcc
t NTC Vce ¢+
R NTC =10k x — :
- 10k
“ --------------------------------------------- ! J Vl
CAREF
Vss
—— > >
t 5tu t_10k t 5tu t NTC t
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MSP430F12x

TEST

XIN  XOUT

8Mhz
Basic
Clock

o MCLK

RAM

256B

Power-On
Reset

Port 1
with IRQ

Port 3

RISC CPU
16-bit

r

28 SOIC/TSSOP

R EAL

W OoORLD

S

!

!

!

!

Watchdog

15-bit

Timer_A3

16-bit

Comp_A

Port 2
with IRQ

USARTO
UART/SPI

N AL

I G

PROCESSING
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USART Serial Port Introduction

[1 Software selectable

UART or SPI
[J Auto-start from any Receive Status Receiver Buffer URXBUF | SNYC  RXE -
LPMXx f x Y v S
Receiver Shift Register  |€— EIEC A G P
[J Double buffered RX i +' o f oo+
; URXD
and_TX Shlft Baud-Rate Generator SYNC |
registers UCLKI —0_ ¢ :
ACLK —O Baud-Rate and Modulation STE
[] Baud-rate generator swvcik —o Registers J
) SMCLK —O : SYNC UTXD
[1 7 or 8-bit data Baud—RatviGenerator LOLKS ! —
D 9_b|t add_reSSIng WUT [P Transmit Shift Register | ——O SIMO
mode available L o <>
z 3
[J Error detection and TxWake Transmit Buffer UTXBUF
suppression
[] Two interrupt - UCLK
vectors with enable UOLKS Clock Phase and Polarity [¢——»<_>

and flags in SFR and
module register
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MSP430F12x2

XIN  XOUT
e e e e — e e ——e———————————————————————————————————— -
1T :
'
| 8Mh ACLK !
' z FLASH RAM Power-On Port 1 Port 3 :
: Basic [P Reset with IRQ '
' Clock |+ 4/8kB 256B || ... ’ |
: SMCLK Brown-Out |: :
: Protection |: '
'
'
'
' MCLK
' v MC !
! '
: S '
" ) '
" o) '
' RISC CPU 8 :
: 16-bit 5 i
' < ]
| = '
' ] |
" ]
'
TESTHh ! I |
'
' : |
' ack | Watchdog | | Timer_A3 Apcio || Port2 USARTO | 1
: > ;1 with IRQ UART/SPI ]
I 15-bit 16-bit : !
! > = -
! SMCLK DTC | :
o Il l
Lecccccccccccccccccccccccccccccccccccccemcccccccccecme—————————

28 SOIC/TSSOP
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ADC10 Introduction

[1 200ksps+ 00— Ve, 1.5V / 2.5V
O v / Ve Reference
[J Programmable
sample & hold lAVSS AVCC DC100SC
O
[1 Band-gap Vref AO >
g p Al P _OJ
2 C
[J Temp. sensor T / Ve Ve ] ociocik [[Dvider ok
[] Low-battery e +_: g1 Sample 10-bit SAR . O— SMCLK
detect A6 p| £ || Hold \
A7 p S
1 1 | g
U _Slgn_eQ/uq5|gned —p CSamplin_g/ ) _O— ADC10SC
onversion |
justification — e Syne o— TAL
[] Autoscan o—
v o— TA2
[ Data Transfer b ADCl*OMEM
Controller
ADC10DTC1
. [ADC10DTCL | A
[ One Interrupt Data Transfer Controller
vector W|t_h enable ADC10SA f RAML Fiash, Peripherial
and flags in module
register N
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Ratiometric Measurement Using ADC10

R NTC MSP430F1xx2

V1=Vccx — vee
Tt~< - R_NTC + R_Ref Vref

~~~‘~~\\ R_Ref

~~< 10k

T~< <A V1 10-bit ADC
V1 R_NTC N
N = X 1024 = — x 1024 R_NTC
Vcc R_NTC + R_Ref . Vss
N

-
-------------------------------------------------------------
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MSP430F11x2

XIN  XOUT
Dbl Sl D il L Dt el b e DL DD DD DDl
: T T |
| |
| smhz | Al FLASH RAM Power-On Port 1 :
' Basic [ Reset with IRQ :
) Clock —> 4/8kB 256B '
! '
| SMCLK Brown-Out H
: Protection :
! ]
'

! Q7 MCLK :
! '
! '
! '
! '
! | risc cPU |
| 16-bit '
| |
! '
! '
: '

TEST® I 1 I I !
!
| |
| acLk | Watchdog | | Timer_A3 ADC10 Port 2 |
' _p with IRQ | !
| 15-bit 16-bit |
: P !
' SMCLK
H DTC :
: ]
L ;
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MSP430x13x

llllll

'
! |
: :
: sMhz | *“*C| FLASH RAM Power-On Port 1/2 Port 3/4 Port 5/6 |
' Basic [™ Reset with IRQ :
: Clock —> 8/16kB 512/256B '
: SMCLK :
' ]
! :
| ¥ MCLK :
]

' ]
' O |
! ) '
] m '
I |Risccru || 2 N
-bi = ]

: 16-bit o) '
' < ]
! 5 !
- |

| |

JTAG i SN I I |
: . :
: aclk | Watchdog Timer_A3 Timer_B3 ADC12 Comp_A USARTO :
: o £{ 200ksps UART/SPI | |}
i 15-bit 16-bit 16-bit Autoscan !

— ]
: Vref |
: SMCLK Temp :
. —l—_ ] e b |
e e e e ———————— e e e ————————— '
64 TQFP

20
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ADC12 Introduction

VeREF+
>t 1.5V / 2.5V
[] 200kSpS+ < REF 47 Referernce
Veer. | Verer.
[] Programmable >
AVSS
sample & hold l LAVEC ADC120SC
[J Band-gap Vref T OJ
A2 -
Ll Temp. sensor A3 : A Ve ADC12CLK | Divider ;’:giLLKK
[ Low-battery A4 » & || Sample / 1.8
A5 »| 3 H and 12-bit SAR O— SMCLK
detect A6 > 2 || Hold \
A7 p| 2
[] Auto-scan >
L p Sampling / O— ADC12SsC
116 word —p o Conversion S o— TAL
. —p Control Sync TBO
conversion o—
buffer A\éCC o
. A\ 4
] One interrupt ADC12MEMO ADC12MCTLO
vector - -
generator with
16 X 12 16 x 8
enable and Memory Memory
ﬂagS |n module Buffer Control
register ] ]
ADC12MEM15 ADC12MCTL15
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MSP430x14x

LFXT1 XT2
---------------------------------------------------------------------- '
i % 2 2 :
| |
: sMhz | | FLASH RAM Power-On Port 1/2 Port 3/4 Port 5/6 |
' Basic [T Reset with IRQ '
| Clock | [32kB -60kB| | 1kB - 2kB '
: SMCLK :
' |
! '
! o MCLK |
]
| |
| o '
] ) '
| m '
! |Risccru || g i
| 16-bit ) :
: = '
' H !

= ]
! '
ITAG T I 1 I 1 I 1 |
N ’
| 1 MPY/MAC Fack | Watchdog | | Timer_A3 Timer_B7 ADC12 Comp_A USARTO |
b ) 200ksps JUART/SPLL |
i 8/16-bit } 15-bit 16-bit 16-bit Autoscan { USARTL [: 1
| E D Vref { UART/SPI [} 4
: FSMCLK Temp ; IS e
| e ' '
e o o o e e e e e e e e e e e — e — e — e —eeee—eeee—eee———— '
64 TQFP : ‘14x - Only )
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Hardware Multiplier

15 rw 0 15 0 15 rw 0

MPY 130h ) OP1 OP2 138h
MPYS 132h Ql |? Ql |;

MAC 134h 16 x 16 Multipiler

MPY = 0000 MACS MPYS \ 32-bit Adder /
A
MAC
MPY, MPYS <| |7 MAC, MACS
\ Multiplexer / \ 32-bit Multiplexer /

MACS 136h ||

SUMEXT 13Eh S RESHI 13Ch RESLO 13Ah
15 r 0 31 w w 0
MACS = 1234; /1 Load first Operand
OP2 = 4567, /'l Load second Operand

SieENAL PROCESSING \EITE:ms INSTRUMENTS



MSP430F15x

Previe
LFXT1 XT2

---------------------------------------------------------------------- '

R S |

! ; g

' ; : !

: 8Mhz ACLK' 1 FLASH RAM 1 Power-On || Port1/2 Port3/4 Port5/6 |

' Basic | 1 Reset |:] withIRQ |

| Clock | |[16/24/32kB || 512/1kB |] svs+ [ '

' SMCLK 1 Brown out | !

: { Protection |- !

- v '

: T Y . X . ¥ V. X . X L Y !

! )

' s |}

' —

. > 5

| |Risccpu || W =

_bi 0

: 16-bit < O

[ 5 <

" =

| o

! i
JTAG * \L 4 WW @429 WWewW OO wvw  wwe O ww W weee H

: . :

: rcwx | watchdog | | Timer_a3 | | Timer_B3 || ADC12 pac12 || usarTo | 1

' —> 200ksps Dual  [:] UART/SPI/ | |

' 15-bit 16-bit 16-bit autoscan 3us q 12C |: '

! — Vref/Temp : '

' SMCLK :

]

! ‘sumssnmmsnnnnn® ) :

e e o e e e e e e e e e — e e — e e e e eeececeee—e—e———— '

64 TQFP 24
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MSP430F16x

--------------

Previe
LFXT1 XT2
---------------------------------------------------------------------- '
Y :
]
' !
: 8Mhz ACLK' 1 FLASH RAM Power-On Port1/2 Port3/4 Port5/6 |
' Basic | Reset with IRQ |
| Clock | |32/48/60kB 1/2kB SVs+ |
| SMCLK Brownout !
: Protection :
]
' o MCLK :
]
]
: g |1
| m s
I |RISCCPU || W c |
-bi O ]
: 16-bit Z O |
" = < |
' i s |
] ol
]

JTAG SNy |
g l
: MPY/MAC [ ok | Watchdog Timer_A3 Timer_B7 ADC12 DAC12 USARTO :
b N 200ksps Dual UART/SPI/ |
1 | 8/16-bit 15-bit 16-bit 16-bit autoscan 3us l..... 12C...... :
i — Vref/Temp ] USARTL [
i SMCLK )| UART/SPI |}
- rrrrrrrrrrerre :
. ]
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MSP430x41x

XIN  XOUT
i i ettty '
S S :
! : : I
| 8Mhz FLASH RAM  |] Power-On k1 porigpo Port3/4 Ports/6 | |
i FLL+  F or ROM q  Reset I \ith IRQ :
! { oscillator [ 4/8kB 2568 |f SVSt [ '
' : i Brown-Out |: :
| | Protection [: ]
' : g !
] OO IO Ul '
! '
! '
' o MAB :
] S ]
] o} '
' |RISCCPU || & '

16-bit I0) !
| g MDB :
! = ]
] L] H
| '

JTAG S |
: . |

. . . |
| aclk | Watchdog | | Timer_A3 Comp_A [] Basic LCD  [: :
| N 1 Timer1l Driver |:
' 15-bit 16-bit 1 (2 8-bit 96 Seg. |} ¢
' — : : ]
! SMCLK o
' H
] M . M . ]
b e o e e e e e e e e — e — e —————————— '

64 TQFP

26
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MSP430x41x/42x FLL Concept

fCrystal ACLK _
» Peripheral

Auxiliary Clock

Frequency Locked Loop MCLK

ey : —— CPU
: : Main System Clock

3
----------------------------------------

DCO and Modulator |

F SMCLK

—» Peripheral
Sub-System Clock

DCO generated clock is automatically enabled and stable from low-power
modes in less than 6uS - US Patent # 5,877,641
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MSP430x4xx Basic Timer Introduction

[1 One 16-bit
or two 8-bit timers

DIV —y
SDSEE
Hold BTCNT1

[l Support for real-time . _, L ikt
clock interrupt Q4 95 96 Q7
[1 LCD Drive frequency f>| 568

[] One interrupt vector ?—f—f—i» fieo

with enable and flag
in SFR registers

O_C Hold m—{ EN2
ACLK:256 ¢——0 S CLK2 BTCNT2
SMCLK g Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
66660600

SV S 5 S
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JTAG

MSP430F43x

LFXT1 XT2

FLASH

16/24/32kB

RAM

512/1kB

Power-On
Reset
SVS+

Brown-Out

Protection

USARTO
UART/SPI

Port1/2
with IRQ

Port3/4

Port5/6

8Mhz ACLK
FLL2 >
Oscillator S
SMCLK
Q7 MCLK
(@)]
5
O
RISCCPU || &
16-bit )
<
|_
Law]
S
ACLK
—
—
SMCLK

!

!

!

!

Watchdog

15-bit

Timer_A3

16-bit

Timer_B3

16-bit

ADC12
200ksps
autoscan
Vref
Temp

Comp_A

Basic
Timer 1
(2) 8-bit

LCD
Driver
160 Seg.
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MSP430F44x

LFXT1 XT2
o fle e o o o = = = = = = = = = = = =
Y :
' '
1 ]
' 8Mhz | ACLK | FLASH RAM Power-On USARTO Port1/2 Port3/4 Port5/6 !
' FLL2 o> Reset || yarT/skL.] | with IRQ i
\ | oscillator | , |32/48/60kB || 1/2kB SVSt 14 usaARTL | |
" Brown-Out | 1 JART/SPI ]
SMCLK ) ] : "
: Protection | --veecvviaainasd ; '
] ]
! ¥ MCLK E
l .
] ]
] > !
' i '
i |Rrisceru || W |
-bi Q
= '
] L)
] !
! l
'

ITAG ————— = I 1 I I l
| |
' ]

: MPY,MAC E ok | Watchdog Timer_A3 Timer_B7 ADC12 Comp_A Basic LCD :
' E 200ksps Timer 1 Driver |
: 8/16-bit F 15-bit 16-bit 16-bit autoscan (2) 8-bit 160 Seg. '

E 13 |
: : Vref H
' '
' J
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Using Standard Bit Definitions

[1 Which code line turns off the watchdog timer???

VWDTCTL

Ox5A80:
WDTCTL = 0OxA580;

VWDTCTL

OxA540:

VWDTCTL

WDTPW + WDTHCOLD ; /] Stop watchdog tiner

[1 Using standard bit definitions simplifies coding and debugging
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Efficient MSP430 C Coding tips

[] Local variables are allocated in registers - code efficient and lower power

[] Use globals sparingly!

/1l Exanple 1 /'l Exanple 2

unsigned int i; /'l assigned in RAM voi d mai n(voi d)

voi d mai n(voi d) {

{ unsigned int i; /'l Assigned to R12
WDTCTL = WDTPW + WDTHOLD; // Stop wat chdog WDTCTL = WDTPW + WDTHOLD; // Stop wat chdog
P1DI R | = 0x01; /1 P1.0 to output P1DI R | = 0x01; /1 P1.0 to output
for (;;) for (;7)

{ {
P1QUT ~= 0x01; /1l Toggle P1.0 P1QUT ~= 0x01; /1l Toggle P1.0
i = 50000; /] Delay™"e, i = 50000; /] D8 "ay
800E B24050C30002 nov.w #0c350h, & 800E 3C4050C3 nov.w #0c350KH, R12 %
do (I_')1 ‘.'..-". do (I__)’ ‘.'---".
8014 ?0004: 8012 ?0004:
8014 B2530002 add.w #Offffp, & 8012 3C53 add.w #Offffh R12
while (i '= 0); while (i '= 0);
} }

} }

8018 82930002 tst.w & 8014 FE23 jne 20004

801C FE23 j ne 20004

/ /

Allocated in RAM

WOoORLD

Allocated in Register
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Efficient MSP430 C Coding tips

[] The first two function parameters are passed in registers

[] Use globals sparingly!

/'l Exanple 3

voi d del ay(void);
unsi gned short val ue;
voi d mai n(voi d)

{
WDTCTL = WDTPW + WDTHOLD; // St op wat chdog
P1DI R | = 0x01; /1 P1.0 out put
for (;;)
{

P1OUT ~= 0x01;
val ue = 50000 ;

/1 Toggle P1.0

800E  B24050C30002
delay (); /1 Del ay
8014 B0121A80 call #del ay
}} RAM access
voi d del ay(voi d)

{

do (val ue--); amu,
801A  del ay: R R
801A  B2530002  add.w #QEWhigh, &val ue =
while (value != 0); K "o :
801E 82930002 tst.¥ &alue **§usnas*’
8022  FB23

jne “edelay } .
3041 ret *

L 4
LT R Ae

8024

/!l Exanple 4
voi d del ay(unsi gned short val ue);
voi d mai n(voi d)
{
WDTCTL = WDTPW + WDTHOLD; // St op wat chdog
P1DI R | = 0x01; /1 P1.0 output

for (53) Efficient Register Usa(

{
P1OQUT "= 0x01; /1l Toggle P1.0
/'l Del gy*="e,

del ay (50000);

800E  3C4050C3  nov.w 0x0c3508, R12 %
8012  B0121880 call #delay ., e
}
}
voi d del ay(unsi gned short val ue)
{
do (val ue--); Y.
8018  del ay: KSRGS
8018 3C53 add. w #0ffffl, RL2 o
while (value !'= 0); ‘vanes’
801A  FEZ23 j ne del ay
}
801C 3041 ret

WOoORLD
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Some More C Coding Tips To Consider

[] Use bit mask instead of bitfields for unsigned int and unsigned char - bit
masks execute faster than bitfields

[] Use unsigned data types as much as possible - execute more efficiently

[] Use ANSI prototypes - ANSI functions often more efficient than K&R.

[] Use pointers to access structures and unions - passing structures and unions is
costly!

[] Use “static const” class to avoid run-time copying of structures, unions, and
arrays.
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Development Tool Summary

T1 IDE Product Family

MSP-FET430X110 MSP430x11x

MSP-FET430P120 MSP430x11x/12x(2)

MSP-FET430P140 MSP430x13x/14x/16x
MSP-FET430P410 MSP430x41x/42x

MSP-FET430P440 MSP430x43x/44x

MSP-EVK430S320 MSP430x31x/32x

MSP-EVK430S330 MSP430x33x

MSP-PRGS430 MSP430x - universal device programmer
Third Party Tool

ANSI-C Compiler — www.iar.com Unlimited ANSI-C compiler with

ANSI-C Compiler  www.quadrovox.com source level debug for only $395

Gang programmers BP, Data 1/0 compatible with T1 JTAG FET

All TI IDE'’s include 1AR debugger, assembler/linker and 4kB C-compiler

35
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---------------------------------------------------------------

SLACO01 MSP430 CD-ROM

§ SLAUxxx Family User’s Guide's

8| SLASxxx Device Datasheets

o| SLASxxx 45+ Application reports A

% web 200+ Downloadable code examples T;:':ft::":~ ﬁ

8| SLABO34 Product Bulletin . N
kickstart FET User’s Guide '

O | =

< www.ti.com/sc/knowledgebase

S| Americas  +1(972) 644-5580

g France +33 (0) 1 30 70 11 64 =

S| Germany  +49 (o) 8161 80 3311 =

£l Italy 800 79 11 37 |

‘C’: UK +44 (0) 1604 66 33 99

3| Japan +81-3-3344-5317

E Asia +886-2-23786800

REAL WORLD SIiGNAL PROD



D437V - MSP430F437 LCD Demo
F vce
o vce Ja
Varitronix VI-322 33 BsLTx R? BSLTX
TDO Lilo) 1k 2|tk
LeDa VCC_MsP BSLRx_RY BSLRX
COMO coM  BAT —a2 S5l ~ oI 1021 0 41 RsT
S182 | L 39 530 MSP_VCC_IN I > GND
528 - 38517 -vee 5 T™S] 6
BC A8 oL ™S 2 vee
1 37 S16 6
2— NC B XOUT —2 — TST
;E— NC NC TCK —& T NC
> NC NC — TEST_VPP —¢ TP6 BLPWOFF
5205 NC NC — GND 5 2 BLTGTSIG
4ppP NC NC BLTGTSIE
E S = 36 —32 525 RSTNMI A
S350 3D 3F oo NC —_
= ac 3A T NC 2 - =
= 3DP 38 = NC -
S121 e 0 8 515
Stid | 55 5 7 514 JTAG_PRG14
S1015 26 S13 vee
- 3s i = s
41T 2B —24S RST Took P10 [,
s318 | 1o o 23s6 PLL |,
S219 1 12 o 2255 cs P 5 R6 R5 R4
S120 |15 al2Ls [o1uF P13 1 100k <100k <100k
Vi_322 = P15 | s1
5
D P16 7 So—
7] 4 PB1
[ [o2] [oo] Ingd Kl [Tel IS4 [=] [e2] [se] [ [o] [Ye] 54 S2
o] I [ D Ll [ [ [ [l [ [ [Xe] [Xe] (Y] [¥e] [Te] [Xo] [{e] [{e] (o) 1
UL - pe2
VREF+ N — =
= 8j8332s5RPESR 5T 2 |
[— 3 Z223395FF oKR58R2228 PB3
1 . gL Lely OTESSin02 o vce =
560 @ Foxa SaZgia VCC =
A -
+C9 é 6. 3 'é 2 E
= ==C7 50k P a ) 60 J2
10uF, 10 0.1uF § ——cs g B pvec & B S PL7/CAL —5 o
' | 2 o P6.3/A3 Rk P20A2 —25 = 1
: 5 062 S Pe.4IAd g P2.1TBO —22 F<. 2
c 6 Eed 4 P65IAS P2.21TB1 —2L b2 3
7 e > P6.6/AG P23TB2 —22 - 4
— 8 - S P6.7/A7/SVSin P2.4/UTXDO —22 24 5
= VREF+ P2.5/URXD0 |—2 P2o 6
RORIE - S — X Dvss2 —o3 4 7
5 XOUT/TCLK pvce? —2= 5 8
VeREF+ P5.7/R33 25 I S ORI
— i = VREF-/VeREF- P5.6/R23 —o1 | et 6
PS5 2 P5.1/S0 P55/R13 —2 | P38 15
()——||:||—< 1 P5.0s1 = 5 4
XINY - 32768KH 222 P4.7IS2 P5.4/COM3 —7 Pod 13
Uz : 1 S P46/S3 P5.3/COM2 —7& i
5 EB VL L i 23— P4.5/S4 P5.2ICOM1 ——=ams S 1
A 5 D S P44ISS como —-=2 DO
B 2 JERTT 21— P4.3/s6 P3.0/STEO/S31 o222
1 == == 255 P4.2IsT P3.1/SIMOO0/S30 225
EaT o = = 2 P4.1/S8 ©3.2/SOMI0/S29
+C10 [
-4 g . TP1 g
— B1 _ ——C8 Swon~d —
CR2032 10uF, 10v 0.1uF VeREF+ g g g g gs =
[ z 3 NOWBI D
TP2 g PeeeR
o VREF- MSP430F437_80)
TP3 | ~|0|®|O]
TPGND1 H 2l82[S
1)
. Il SoftBaugh
www.softbaugh.com 800 794-5756
Sheet.MSPA430F437 LCD Demo
Project: D437V
Date: 3-Nov-2002 [1 of 1 [v.1
1 2 3 5 6 7 8

w

0 R

L D




“Flashing the LED” Example Software

//*******************************************************************************

/11
/11
/11
/11
/11

D437_1 Deno - Software Toggle P1L.0 by xor’'ing inside of a software |oop

M Bucci ni
Texas I nstrunents, |nc
Novenmber 2002

//******************************************************************************

#include <nmep430x43x. h>

voi d mai n(voi d)

{

WDTCTL = WDTPW + WDTHOLD; /1 Stop watchdog ti ner
FLL_CTLO | = XCAP18PF; /'l Configure | oad caps
P1DI R | = 0x01; /1 Set P1.0 to output direction
for (53)
{
unsigned int i;
P1OUT ~= 0x01; /'l Toggle P1.0 using exclusive-OR
i = 50000; /'l Del ay
do (i--);
while (i !'= 0);
}
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“Flashing the LED” Questions

[ Did the LED Flash?
Yes
No

[] Where you able to set a breakpoint?
Yes
No

[J Change SCFQCTL from Ox1F to Ox7F - what happens to the LED Flash Rate?
Faster
Slower

[J What is the average current consumption of your D437?
UA
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Agenda - Dallas, TX - November 2002

Flash MCU ULP Architecture
16-bit RISC CPU:

¢ von Neumann unified memory architecture

¢ CPU regqister file

¢ Instruction set and addressing modes
Flash Memory:

¢ Basic facts including data retention, programming voltage and algorithms

¢ In-system programming (ISP)

¢ Using Flash as virtual EEPROM
Clock System Analysis:

¢ Importance of a multi-clock system in low-power applications
MSP430x1xx Basic Clock System (BCS) implementation
Ultra-low power 32kHz oscillator characteristics
Detailed discussion of the digitally controlled oscillator (DCO) and modulator
Stabilizing the BCS DCO with a software frequency locked loop (FLL) and Rosc
MSP430x4xx FLL hardware implementation
Using high-speed crystals
LAB Session 1

Lab: UART application to demonstrate BCS and FLL DCO stabilization
Lab: Calibrating the ADC12 internal voltage reference using ISP

* & & ¢ o o
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What Is An Ultra-low Power Architecture?

[] Instruction set that minimizes CPU cycles per task
Large register file keeps information in the CPU, minimizes fetches to memory
Indirect addressing for fast table look-up
Indirect-indirect addressing allows memory to memory movement when needed
16-bit address path allows page-free branching
16-bit data path allows direct movement and operation on high resolution data
[] Ability to use alternate hardware that provides low-power options for tasks
Asynchronous timers with capture/compare and latching
Direct transfer controller, DMA and ADC auto-scan
[] Fast vectored interrupts from all peripherals
[] Flexible asynchronous clocking with fast start-up and stabilization
[] Low leakage input pins < 50nA
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MSP430 Orthogonal 16-bit RISC CPU

MDB - Memory Data Bus Memory Address Bus - MAB

[J Large 16-bit register file N o 4
e“mlnates Slngle RO/PC Program Counter |0
accumulator bottleneck R1/SR Stack Pointer 0

R2/SR Status

[1 High-bandwidth 16-bit data

and address bus with no o Coneln Seneee
. R4 General Pupose
paging Re  Generl Pupose
[1 RISC architecture with R6  General Pupose
27 instructions and R7  General Pupose
7 addressing modes RS  General Pupose

R9 General Pupose

[] Single-cycle register
operations with full-access

R10 General Pupose

R11 General Pupose

[] Direct memory-memory R12  General Pupose
transfer designed for R13  General Pupose
modern programming g R14  General Pupose 1|
[J Compact silicon 30% smaller 16| |7 |Ri5__Genera Pupose B
than an ‘8051, saves power NS NS
and cost OST ebitaLy o0 _—

< I
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Double Data Fetch Technology - DDFT

Fetch Instruction,
present next address

Execute Instruction,
latch address

MCLK
Instruction executed, fetch
| | next & update address
ADD R4,R5 | nextinst Program
I , Memory
MAB 0xF000 >( 0xF002 X
A
I I
| | OxF002 | nextinst
| | OxFO000 0x5405
MDB | >K 0x5405 >< next inst ><
i
v |

R5 = R4+R5

DDFT uses double memory access on both rising and falling processor clock
edges allowing one instruction to be executed for every clock
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CPU Registers

15

0

o | RO - PC Program Counter

. ) 16-bit = no paging
0 R1 - SP Stack Pointer

N . Addressable = great “C” code

reserved for future enhancements \% ESCGl SCGO 8?;: %I?fl" EGIE N 4 C R2 - SR Status Register

esmsmmsmssmsmsmsememsemnnn® Define LPMX
15 0
\ R3/R2 - CG Constant

------------------------------------------------------------------------------------------------------

:  Generator
...00000h..00001h 00002h. 0004h.00008h OFFEEN: w0 vic seneration of

common used values reduces
code size 30%

15

R4 - General Purpose

15

R15 - General Purpose

R4 through R15 are single-cycle, general purpose and identical in
all respects - used for math, storage, and addressing modes.
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What is a Constant Generator?

Register AS Constant
R2 oo | - Register mode
R2 01 (0) Absolute address mode
R2 10 00004h 4, bit processing
R2 11 00008h 8, bit processing
R3 00 00000h 0, word processing
R3 01 00001h 1, bit processing
R3 10 00002h 2, bit processing
R3 11 OFFFFh -1, word processing

The assembler uses the R2 / R3 addressing modes automatically
if one of the above six constants is used.
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RISC / CISC Programming Architecture

1 Three instruction formats
Source, destination

Destination
Jumping

[1 Fifty-one instructions available in assembler
27 basic instructions = RISC
24 emulated instructions = CISC

[] Seven addressing modes for source, four for destination
Register Mode
Indexed Mode
Symbolic Mode
Absolute Mode
Indirect Mode
Indirect-autoincrement Mode
Immediate Mode

LKKLKLKLKL
LKLKL

[] Bit, byte and word processing
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27 Core RISC Instructions

R EAL

Format | Format I Format 1l
Source, Destination | S ngle Qperand + - 9bit Ofset
add( . b) cal | jnp
addc(. b) swpb jcC

and( . b) sxt j nc

bi c(. b) push( . b) j eq

bi s(. b) reti j ne
bit(.b) rra(. b) j ge
cnp(. b) rrc(.b) J |
dadd( . b) jn

nov(. b)

sub(. b)

subc(. b)

xor (. b)

W oRLD S

PRAROCESSING
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Emulated Instructions

[] Simply easier to understand with no code size or speed penalty
[] Replaced by assembler with core instructions using CG, PC and SP

clrc
bic.w #01h, SR

; Clear carry (enul ated)
; Core instruction

dec. w R4 ; Decrenment (enul at ed)
sub. w #01, R4 ; Core instruction
r et ; Return (enul at ed)
nov. w @P+, PC ; Core instruction
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51 Total Instructions

Format | Format I Format Il Support
Source, Destination | S ngle Qoerand + - 9bit Ofset
add( . b) br jnp clrc
addc( . b) cal | jcC setc
and(. b) swpb j nc clrz
bi c(. b) sxt j eq setz
bi s(. b) push( . b) j ne clrn
bit(.b) pop. (b) j ge setn
cnp(. b) rra(. b) J | di nt
dadd( . b) rrc(.b) jn ei nt
nov(. b) I nv(. b) nop
sub( . b) i nc(. b) ret
subc(. b) I ncd(. b) reti
xor (. b) dec(. b)

decd(. b)

adc(b)

sbc(. b)

clr(.b)

dadc(. b)

rla(.b)

ric(.b)

tst(.b)

R EAL

W OoORLD

S

-
£

N oA L

P AOCESSING

\Eﬂ 1EXAS INSTRUMENTS




Three Instruction Formats

- Format | Source and Desti nation

Op-Code Source-Register Ad |B/W As Destination-Register
5405 add.w R4, R5 ; RA+R5=R5 XxXXX
5445 add. b R4, RS ; R4+R5=R5 00xX
;, Format |1 Destination Only
Op-Code B/W Ad D/S- Register
6404 rlc.w R4 :
6444 rlc.b R4 :
;, Format 111 There are 8(Un)conditional Junps
Op-Code Condition 10-bit PC offset
3c28 j np Loop 1 ; Goto Loop_1
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Register Addressing Mode

Op-Code Source-Register Ad |B/W As Destination-Register
0100 0100 O 0 00 0101
4405 nov. w R4, RS :
4445 nov. b R4, RS ;

Valid for Source and destination As=00, Ad=0
The operand is contained in one of the CPU registers RO to R15.
This is the fastest addressing mode and needs the least memory .
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Register Indexed Addressing Mode

Op-Code Source-Register Ad |B/W As Destination-Register

0100 0100 1 0 01 0101

449501000200 nov.w  100h(R4), 200h(RS) ;

44150100 mov.w  100h(R4), R5 ;

Valid for Source and destination As=01, Ad=1
The address of the operand is the sum of the index and the contents
of the register.
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Symbolic Addressing Mode

Op-Code Source-Register Ad |B/W As Destination-Register

0100 0000 1 0 01 0000

4090f f a80006 nov.w  EDE, TON ,

4015f f ac nmov. w EDE, R5 :

Source and destination As=01, Ad=1

The content of the addresses EDE / TONI are used for the operation.

The source or destination address is computed as a difference from the PC
and uses the PC in indexed addressing mode. Any address in the 64k
memory space is addressable.
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Absolute Addressing Mode

Op-Code Source-Register Ad |B/W As Destination-Register

0100 0010 1 0 01 0010

429201720174 nov.w  &CCRO, &CCR1

42150172 nov. W &CCRO, R5

Source and destination As=01, Ad=1
The contents of the fixed addresses are used for the operation.
The SR is used in the indexed mode to create an absolute 0. Use for

hardware peripherals located at an absolute address that can never be
relocated.
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Register Indirect Addressing Mode

Op-Code Source-Register Ad |B/W As Destination-Register
0100 0100 O 0 10 0101
4425 mv.w @4, R5 ;
4465 nov. b @4, R5 ;

Source only As=10, Ad=n/a

The registers are used as a pointer to the operand.

The indexed mode with zero index may be used for “indirect register
addressing” of the destination operand.

44250000 mov.w @4, O(RS) :
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Register Indirect Autoincrement Addressing Mode

Op-Code Source-Register Ad [B/W As Destination-Register
0100 0100 O 0 11 0101
4435 nmov.w @4+, RS ;
4475 nv.b @4+ R5 :

Source only As=11, Ad=n/a
The registers are used as a pointer to the operand. The registers are
incremented afterwards - by 1 in byte mode, by 2 in word mode.
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Immediate Addressing Mode

Op-Code Source-Register Ad |B/W As Destination-Register
0100 0000 O 0 11 0101
40351234 nov.w  #1234h, R5 ; Any 16-bit val ue

Source only As=11, Ad=n/a
Any immediate 8 or 16 bit constant can be used with the instruction. The PC
IS used in autoincrement mode to emulate this addressing mode.
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Code Reduction Effect of Constant Generator

Op-Code Source-Register Ad |B/W As Destination-Register
0100 0011 O 0 01 0100
4314 mov.w  #0001h, R4 ;
15 0
|\ R3/R2 - CG Constant

: : Generator
00000h: 00001h :00002h 0004h 00008h OFFFFh automatic generation of

commonly used values reduces
code size 30%
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Machine Cycles for Format 1 Instructions

Address Mode #-of-Cycles Ler?gth of Examples
As Ad Instruction [words]
0, Rm 1 1 MOV R5,R8
00, Rn
0, PC 2 1 BR R9
1, x(Rm) ADD RS5,2(R6)
00, Rn 1, EDE 4 2 XOR RS8,EDE
1,&EDE MOV R5,&EDE
01,x(Rn) MOV 2(R5),R7
0, Rm 3 2
01, EDE AND EDE,R6
01,x(Rn) 1,x(Rm) ADD 4(R4),6(R9)
01,EDE 1, TONI 6 3 CMP EDE,TONI
01,&EDE 1,&EDE MOV R5,&EDE
10,@Rn 0, Rm 2 1 AND @R4,R5
1,x(Rm) XOR @R5,8(R6)
10,@Rn 1, EDE 5 2 MOV @R5,EDE
1,&EDE XOR @R5,&EDE
11,@Rn+ 0,Rm 2 1 ADD @R5+,R6
0, PC 3 BR @R5+
11 #N 0,Rm 2 ) MOV #20,R9
o,PC 3 BR #2AEh
11,@Rn+| 1 x(Rm) 2 MOV @R9+,2(R4)
11,#N 1,EDE 3 ADD #33,EDE
11,@Rn+ 1,&EDE S 2 MOV @R9+,&EDE
11,#N 3 ADD #33,&EDE
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Machine Cycles for Format 11 Instructions

#-of-Cycles

Address Mode Length of

RRA Instruction Examples

RRC PUSH/

As/Ad swps | caLL [ [words]

SXT
00, Rn 1 3/4 1 SWPB R5
01, x(Rn) A - ) CALL Table(R7)
01, EDE PUSH EDE
10, @Rn 3 414 1 RRC @R9

1

11, @Rn+ 5 " SWPB @R10+
11, #N 2 CALL 2(R7)

Machine Cycles for Format 111 Instructions
All Ixx - instructions need the same #-of-cycles independent of executing a Jump
® Clock Cycles: 2
® Length of Instruction: 1 word
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MSP430 Memory Model

OFFFFh

Interrupt Vectors [] Unified 64kB continuous
memory map
FLASH [] Same instructions for data
Main Memory and peripherals
[] Program and data in Flash
or RAM with no
restrictions
[] Easy to understand with
no paging
FLASH [1 Designed for modern
Info. Memory . .
programming techniques
Bootstrap Loader such as pointers and fast
look-up tables
RAM
0200h
Peripherals
SFR’s
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Memory Byte/Word Organization

OFFFEh
Interrupt Vectors
Low Byte 020Ah
Flash 15|14 - 9| 8 | 0209h
Words3 7| 6 — 1| 0 | 0208h
Word/Byte . - BItS . .
High Byte2 0207h
Word2
Low Byte2 0206h
High Bytel 0205h
Word1l
Low Bytel 0204h
SRAM
0200h
16-Bit
Peripherals Word only
0100h
8-Bit
Peripherals| Byte only
000h & SFR L
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MSP430 Flash Memory Facts and Figures

REAL WORLD

R .. OFFFEh Segment O
¢ |Interrupt Vectors ’-:\\ w/ Interrupt vectors
\\
: \ Segment 1
FLASH : N
Main Memory : 3
: Segment 2
FLASH i
Info. Memory 5\\
. \ Segment x-1
Bootstrap Loader AN
AN Segment x
4
~ =
RAM
Segment A
01080h
Peripherals s 5
, egment
SFR's 01000h

S | B

[] Main: (x) 512B seg.
Info: (2) 128B seg.

[] 1.8 - 3.6v operation
2.7 - 3.6v programming

[] Program and data in main or
info with no restrictions

[] Access password protected

[] Program a bit, byte or word
with JTAG, BSL or ISP

[] 100k erase/program cycles
typical

[] 100-year data retention
typical

[] Less than 2s for 60kB
programming time possible
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Ultra-low Power Flash Controller

SSEL1 SSELO FNS Ce FNO EMEX

ACLK ——0

MCLK

Divider 1- 64  |—»— Flash Timing
SMCLK ——o0 f Generator
(FTG)
SMCLK ——o© | |
BUSY WAIT
15 8 0
FCTL1 PASSWORD SEGWRT |  WRT --- --- --- MEras | Erase ---
Single Word or Segment Write Single Segment or Mass Erase
FCTL2 PASSWORD SSEL1 | SSELO FN5 FN4 FN3 FN2 FN1 FNO
FCTL3 PASSWORD --- --- EMEX Lock WAIT |ACCVIFG | KEYV | BUSY
EMergency Exit Stops the Program  Segment- Violation Flag shows
active operation immediately and erase write flag flags if Flash
and shuts down all internal parts disabled module is
of the flash controller assessableé.5
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Ultra-Ilow Power Flash Programming Time

Divider 1- 64 mreagpeeas) Flésh TITIng
i f(FTG) enerator
Flash timing generator frequency, fiFTG) MSP430F11x1 257 476 | kHz
g1 e 5 L
. Voo =27VI36V,
liDD-PGM) Current during program cycle (see Note 26) MSP430F 11x1 3 5 ma
. Voo =2.7VI36V,
liDD-ERASE) | Current during erase cycle (see Note 26) MSP430F 111 3 5 mA
Write/erase cycles MSP430F 11x1 104 109
Yretention) . = oRo
Data retention T ) = 25°C MSP430F11x1 100 Year

MOTES: 23. The power source to blow the fuse is applied to TEST pin.
24. Oncethe JTAG fuse is blown, no further access to the MSP430 JTAG/!test feature is possible. The JTAG block is switched to bypass

mode.

25. f(TCK) may be restricted to meet the timing requirements of the module selected.
26. Duration of the program/erase cycle is determined by fiFTG) applied to the flash timing controller. It can be calculated as follows:

tword write) = 35 X 1fiFTG)

t{block write, byte 0) = 30 x ViFTG)
Yblock write, byte 1 —63) = 20 < 1FTG)
Y{mass erase) = 5297 x 1f(FTG)

T.{page ETESE} = 4819 x '1|'Ir|{F‘|'G:|

How long does it take to program 1 byte or word? = 35/476000 = 73us

WOoORLD SIGNAL PROCESSING. %3 TEXAS INSTRUMENTS




Ultra-low Power Flash In-System Programming

Segment O
w/ Interrupt vectors ,  Example: Program 01234h @OFCOOh
' - - -
d
| segment1 »~ U Main program writes directly to Flash
OFCOON s J D Password protectlon
oracon | Seament2 ] PC is held while BUSY flag is set - 35/f(FTG)
K Rl L e : (LT
... : .............
[ TN
L T
L L PO
L T
ey T,
e 1 SO
= > e
TN o < (= C W02 1o L OO Oes O
1/ Flash wite
: FCTL3 = FWKEY; /1 Unlock the Flash
FCTL1 = FWKEY | WRT; /'l Enable Flash wite
*address = 0x1234; /! Wite data to the Flash
FCTL3 = FWKEY | LOCK; /'l Lock the Flash
/'l Flash_Erase
FCTL3 = FWKEY; /1 Unl ock the Flash
FCTL1 = FWKEY | ERASE; /'l Enable Flash wite
*address = 0; /1 Dummy wite to the Flash segnent
FCTL3 = FWKEY | LOCK; /'l Lock the Flash
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Ultra-low Power Flash In-System Erase

Segment O
w/ Interrupt vectors , Example: Erase Segment 1
B 1 /s . . .
. d d
| segment1 fA [] Main program writes directly to Flash
OFCOON™).......oeeeeeeeeneenmnnns |:| Password protectlon
ornoond] . SeamentZF [0 PCis held while BUSY flag is set - 4819/f(FTG)
¢l assnnasnsansnnnnnnnnnnnns : 9
. 1 ...'..
1 e,
1 ‘e,
I e,
1 te,
1 Ce,
1 '~..
|
5‘; _/; ...'u,.
; *address =  &OXFCDO
/{ Flash_wite
; FCTL3 = FVKEY; /1 Unl ock the Flasfi.,
FCTL1 = FWKEY | WRT; /Il Enable Flash wite .
*address = dat a; /I Wite data to the Flash ™.,
FCTL3 = FWKEY | LOCK; /1 Lock the Flash
?‘// Fl ash_Er ase S
: FCTL3 = FWKEY; /1 Unl ock the Flash
FCTL1 = FWKEY | ERASE; /1 Enable Flash wite
*addr ess 0; /1 Dummy wite to the Flash segnent

FCTL3 = FWKEY | LOCK; /'l Lock the Flash




Ultra-low Power Virtual EEPROM Implementation

[] In this example 8 bytes of data per logging is

D?g;‘;ﬂ ! assumed - 15 data log points = 120 bytes
Data Log 2 [] One 2 byte pointer is used
8[::35 [] Tracking is done by clearing each bi_t starting
8 Bytes D S from the LSB for every data log point.
[1 This approach extends the life of the Flash by
reducing the number of erase cycles
¥ )2 [1 Any Flash segment can be used
[] Write/erase cycles = erase cycles
Data Log 15
8 Bytes
N T
........ e e wi| 11111111
111113240
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MSP430x11x/12x Basic Clock

DIVA
T
N,  LFXTCLK ACLK
® 1,12, 14,/18 b———p
OscOff XTS
Auxillary Clock
XIN T T y
LFXT1 Oscillat
—1 D scriator SELMpiym - cpuoft
XOUT 3 ; :2 T
= off| mcLk
0,1 11,12, 14,/18 pb——»
2
DCOCL T Main System Clock
K OSCFault
VCC
Rsel SCGO DCO MOD
DIVS SCG1
B P % %
0 off DCO SELS 2
D | . oY off SMCLK
—>
D_lo Generator Modulator _10 /1, 12, /4,/8
P2.5/Rosc
DCOR Sub System Clock
BCOSSEELZ SELM1 | SELMO | DIVM1 | DIVMO | SELS | DIVS1 | DIVS0 | DCOR
rw-1 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
BCOSS%'J XT20FF XTS | DIVAL | DIVAO | XT5v | RSEL2 | RsEL1 | RsELO| | Dco2 | bco1 | pcoi | Mopa | Mob3 | Mob2 | Mob1 | MoDO D%gg"
rw-(1) rw-(0) rw-(0) rw-(0) rw-0 rw-1 rw-0 rw-0 rw-0 rw-1 rw-1 rw-0 rw-0 rw-0 rw-0 rw-0 70
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MSP430x11x/12x Basic Clock Set-up

MSP430F11x1
i L7~ ACLK = 32768 (or divisor)
— P25 P15 |— L
Vss pLat— MCLK ~ 1MHz DCOCLK (or divisor)
XOouT P13 |—
L{D}; . P12 1—  SMCLK ~ IMHz DCOCLK (or divisor)
32768 | | ppy poa [
— P22 P23 |—
MSP430F11x1
i LTI ACLK = 0
— P25 P15 |— L
Vss pL4t— MCLK ~ 1MHz DCOCLK (or divisor)
—1 XOUT P13 | —
e "7~ SMCLK ~ 1MHz DCOCLK (or divisor)
—1 P20 P1.0 |—
— P21 P24 | —
— P22 P2.3 |—

ACLK defaults to LFXT 32kHz-watch crystal. No external
components required for LFXT. MCLK and SMCLK default to DCOCLK
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MSP430x1xx DCO Parameters

DCO
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fibcoo3) Rgel =0, DCO=3, MOD =0, DCOR=0, Tp=25C JeccZ22y o2 0= 2D MHz
Veg =3V 0.08 0.13 0.16
f(Dco13) Rgegl=1, DCO=3, MOD =0, DCOR=0, Tp=25C lcc22y o = 221 iz
Veg =3V 0.14 0.18 0.22
fibcoz23) Rggl =2, DCO=3, MOD =0, DCOR=0, Tp=25°C oc=22Y — 0 il [V
Veg =3V 0.22 0.28 0.34
fibcoaa) Rgel =3, DCO=3, MOD =0, DCOR=0, Tp=25C Yeccn22¥ 07 049 059 MHz
Voo =3V 0.37 0.47 0.56
fiDCO43) Rgel =4, DCO=3, MOD=0, DCOR=0, Tp=25C scco22y sk o 220 He
Voo =3V 0.61 0.75 0.9
f(DCOS53) Rgel =5, DCO=3, MOD=0, DCOR=0, Tp=25°C Jcco22 . 2 21 iz
Veg =3V 1 1.3 1.5
f(bcos3) Rgel =6, DCO=3, MOD =0, DCOR=0, Tp=25C JccZ22y I = == MHz
Vep =3V 1.69 2 2.29
f{DCD?B} Rgg =7, DCO=3, MOD=0, DCOR=0, Tp=25C zgz : iiv ;; ig 31: MHz
fiocorr) Rgel =7, DCO=7, MOD =0, DCOR=0, Tp=25C Jcct22y Z i 21wz
Voo =3V 4.4 49 5.4
finco4n Reel =4, DCO=7, MOD=0, DCOR=0, TA=25C |Voc=22Vav FD*:E{‘? FDC%“_? FDCE’;E MHz
S(Rsel) SR = fRsel+1/iRsel Ve =22ViEY 1.35 1.65 2| o
S(DCO) Spco = foco+1/foco Vpg =223V 1.07 1.12 1.16
D, Temperature drift, Rgg| = 4, DCO = 3, MOD = 0 Voo =22V -0.31 -0.36 -0.40 0%
(see Mote 21) Vep =3V -0.33 -0.38 -0.43
Dy E}r;f; s;m;r:eviﬁ? variation, Rgg| = 4, DCO =3, MOD =10 Voo =22VI3V 0 5 1wl s .
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MSP430x1xx Programmable DCO

DCOCLK

10000kHz —|—
RSEL=7

Jdejrh RSEL=6
JJFJth RSEL=5
JJFJth RSEL=4
1000kHz —f—

RSEL=3

Hysteresis RSEL=2
RSEL=1

RSEL=0

100kHz — 4,—,—’—,—,—,—,7
-0.33%/C

0 1 2 3 4 5 6 7 DCO

Rsel DCO
% s
DC off DCO
|| L p» DCOCLK
Generator -
Modulator
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MSP430x1xx DCO Modulation

Modulation Mixing of DCOn and DCOn+1

~ n+10%
MOD=31 ///
MOD=30 J 70
oL

/: //6‘@0.)8 /,’ 16/16

‘ R +-~ DCONn/DCOnN+1
woouss ) U U LU U WO U UU LU

2 P e
MOD=2 ﬂ £ ﬂ

e - ﬂ
MOD=1 i _-7100% DCO =n
7 PR

MOD=0 —§ n A

DCOn _

miajalal [oguo

DCO J TO——» DCOCLK
- ’V >
] f

DCOn+1 1_1(DCOn) MOD Signal (shown above)

\

74
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MSP430x1xx Basic Clock Frequency Setting

BCSCTL1 | = RSEL2 + RSEL1Z,; /| DCOCLK~2MHz
DCOCTL++; /1 DCO Faster
DCOCTL- -; /1 DCO Sl ower
Rsel DCO MOD
T s %
DC off DCO
| L p DCOCLK
Generator *
Modulator
“‘0‘-.....................................................................................::: ........ .,
BCSCTLLT20FF| xTs | DIVAL | DIVAO | XT5V [iRSEL2 | RsELL | RSELO| | DCO2 | DCO1 | DCO1 | MOD4 | MOD3 | MOD2 | MOD1 | MODO {PEOCT
rw-(1)  rw-(0) rw-(0) rw-(0) rw-0 =rw-1 rw-0 rw-0 rw-0 rw-1 rw-1 rw-0 rw-0 rw-0 rw-0 rw-0 =
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MSP430x1xx Basic Clock SW FLL Concept

[] Periodic loop adjusts DCOCLK by integrating over reference frequency
[J] DCOCLK is digitally programmable with software 100kHz ~ 5Mhz

Reference

. | N
ACLK, 50/60Hz ‘ ks bbb bbb :

Hardware + Software

Ii‘,el D%O MéD
T B %
DC off DCO

— +
Generator Modulator ‘ I DCOCLK
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MSP430x1xx Basic Clock SW FLL Example

Set DCOCLK= 1,000,000 with ACLK= 4096
[1 DCOCLK = 1,000,000 is clock source for timer_A

[J ACLK = 4096 triggers 244us capture of DCOCLK on CCI2B
[1 CC12B capture = 1,000,000/4096 ~244

A A [mmmmmmm e m—— ——————— —
| DCOCLK , _ :
e »1|Clk  TimerA .
---------------------------------- t I ! :
capture !
] . — CCR2 .
» T T I
[l Partial SWFLL Code
br eak; [l If equal, |eave
else if (244 < Conpar e ) /1 DCOis too fast, slowit down
DC(I:TL--; .................. y
el se /1 DCOis too fast, slowit down
DCOCTL ++;
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Does Modulation Jitter Effect An Application?

Example shows 19200 UART application using 1IMHZz baud rate clock
[J Inherent error with perfect 1MHz is a 1us baud clock - or 1%

[J Additional DCOCLK modulation error is only 50ns - or 0.1%

19200 Hz

~52
CLKS

1MHz
'
'
'

]
g
Inherent Sync Error
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DCO Stability Improvement With External Rosc

DCO Temperature Coefficient

Internal R

25% —

O% _ - e» a» hiadadad X T Ty
External R

25% —

l l l l

-40 0 25 85 C
VCC
Rsel SCGO DCO MOD
B T B %
§ DC off DCO

G ) || + —p DCOCLK
—D—lo enerator Modulator
P2.5/Rosc

DCOR
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BCS DCO Stability In A UART Application

MSP430F1232 |\, 32768
—_I_ VCC V+ —_I_
—/ /FORCEOFF V-
XOUT T FORCEON —
_—Ci+ (\:II GND
e & N
o™
—— ] C2+ é
T co- = \
P3.4/TX DIN DOUT |
19200 PC
P3.5/RX ROUT RIN >

Software FLL sets the DCOCLK that is also used for UART baud rate generation.

[] Does the UART operate at 19200 using the DCO? What happens to the UART
connection over temperature?

[1 What happens to the UART connection when the software FLL remains on
always and the 430 is heated up /cooled down?
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BCS Oscillator Fault

XTIOF OFIFG =1
XT20F MCLK = DCOCLK
Turn on the
Crystal
Oscillator
DCOCLK
A [
MK (| H.\HHH L
MCLK ]
DCOCLKC — | MT1CLK
3‘ e OIFG =0
|[E Oscillator HEN
settled MCLK = Crystal
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MSP430x11x/12x Basic Clock HF XTAL MCLK

MSP430F11x1
N 7= ACLK = LFXT1 (or divisor)
—1 P25 P15
Vss P4 [~ MCLK = DCOCLK or LFXT1

XOuT P1.3

XIN P1.2

D’i RST P1.1

—1 P2.0 P1.0

—1 P21 P2.4

I —A|_ —1 P22 P2.3

unsigned int i;

SMCLK = DCOCLK or LFXT1
(or divisor of)

BCSCTL1 | = XTS; /1 ACLK = LFXT1 = HF XTAL
do

{

| FGL &= ~CFl FG /1 Clear OSCFault flag

for (i = OxFF;, i > 0; i--); /1 Time for flag to set

}

while ((IFGL & OFIFG != 0); /1 OSCFault flag still set?
BCSCTL2 | = SELML+SELMD; /'l MCLK = LFXT1 (safe)

External high frequency XTAL - capacitors required per crystal specification
82
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MSP430x13x/14x/15x/16x Basic Clock

DIVA
o
ACLK
N LFXTCLK
P . n,12,14/8 F—
OscOff XTS
IN T T Auxillary Clock
. SELM
| — D LFXT1 Oscillator , DIVM  CPUOt
- , ¥
s | 1
Xout Lo o] MCLK
Tm——————— I\ 01 1112, 48
: .
E LV 3
XT20ff : T Main System Clock
XT2IN ! OSCFault
| D XT2 Oscillator
. XT10UT
+ DCOCLK
VCC
Rsel SCGO DCO MOD
13 T 13 :5 DIVS SCG1
0 off DCO sEks 12 T
e N o &% off | SMCLK
D_lo Generator Modulator 11,12, 14,18 F——p
P2.5/Rosc 1
DCOR

Sub Sytem Clock
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MSP430x41x/42x FLL+

FLL_DIV
T T ACLK/n
11,12, 14,18 >
fCrystal { ACL&
OscOff XTS_FLL SCGO0 PUC
32768 XIN T T T ¢
Enable Reset
E +
> >
_|:<:'__._ 10-bit Frequency
XOUT Integrator
—| SCFQCTL = ox1F > - 0 MCLK
1= /(N+1)
7
SCG1 FN8FN4FN3FN2 M
10 CPUOSf
\\
AT AL N !
Enable DCO
A DC Generator — +
Modulator
f
é* .12, 14, 18 pco DCOCLK
SC
DCO+
Cap L L 1
D

f L)_I
DCO/D R SMCLK

Caution: MSP430x4xx OSC Caps default =0pf
— make sure to configure in software

WOoORLD
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MSP430x4xx Programmable FLL+ and DCO

DCOCLK
50MHz ——

40MHz ——

30MHz ——

20MHz |

10MHz —§—

2MHz ——

FN2=0 FN2=1 FN2=x FN2=x FN2=x
FN3=0 FN3=0 FN3=1 FN3=x FN3=x
FN4=0 FN4=0 FN4=0 FN4=1 FN4=x
FN8=0 FN8=0 FN8=0 FN8=0 FN8=1
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MSP430x4xx Example of Setting FLL+ to 4.096MHz

fCrystal ACL&
SCGO PUC
32768 XIN T ¢
Enable Reset
> +
_|:<:'__._ 10-bit Frequency
XOUT Integrator

—| SCFQTL = ox7C |

- MCLK
2 (N+1) ‘ﬁo—»
— —0
%7 FN4 10
Ja| TP RN - 1
/ Enable DCO
DC Generator — +
N Modulator
* * o /2 cho DCOCLK
Osc DCO+
Cap I
fDCO/D SMCLK
FLL_CTLO | = DCOPLUS + XCAP18PF; // Load Caps
SCFI 0 | = FN_4; /1 84MHz nom nal
SCFQCTL = (125-1); /] 125 x 32768 = 4.096 Mhz
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FLL+ Oscillator Fault

DCOOF
XT10F MCLK = DCOCLK
XT20F
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FLL+ Stability In a UART Application

32768
XNF—— vCC V+ — 1
—/ /FORCEOFF V-
S xour — FORCEON L
q
o) _—|Cl+ J GND
(4p]
S Tce § en
o™
g ——|Ca+ é
T c2- = \
P3.4/TX DIN DOUT |
19200 PC
P3.5/RX ROUT RIN >

Hardware FLL automatically calibrates the DCOCLK with no CPU resources.
The DCOCLK is used for UART baud rate generation.

[1 What happens to the UART connection over temperature?
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MSP430x43x/44x FLL+

FLL DIV
T T ACLK/n
11,12, 14, 18 >
fCrystal [ @ ACL&
oscoff XTS_FL SCG0  PUC
XIN T IT T ¢
Enable Reset
+
>
_:G_ 10-bit Frequency
S0 * Integrator
| SCFQCTL=01F | I _
;/1 /(N+1)
’ SCG1FN8FN4FN3FN2 10 M
v . T T T T T NE T CPUOff
Y Enable DCo
DC Generator — +
\ Modulator
f
L L o——1 /1,/2,/4,/8 =
Osc DCO+
Cap .n L
D fDCOID
N i
®
XT20ff l/ SeS
XT2IN T : X
T 1 SMCLK
_O
. -0
|:| XT2 Oscillator 1
SMCLKOff
~—
89
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D437 3.c ADC12 Vref Cal. Theory

The MSP430 ADC12 specification states the following for VREF+ :
[1 VREF =25V toleranceis +/- 0.1V
[1 VREF = 1.5V tolerance is +/- 0.06V

From the following formula,

Measured value in mV = (Counts / 4096) * VREF in mV

To achieve absolute accuracy in the “Measured value”, VREF has to be accurate.
The in-system programmable (1SP) flash of the MSP430 simplifies the
calibration of the VREF deviation by software as follows:

1. To begin calibration the ideal value for VREF is assumed and stored in flash.

2. The Measured value using ADC12 is then compared with an accurate
millivoltmeter and VREF value is incremented or decremented by firmware when
the user presses the corresponding push buttons on the D437 .

3. When both values match, cal mode is exited with the new VREF value
programmed in flash INFO memory - firmware will now use the calibrated VREF.

90
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D437 3.c ADC12 Vref Cal. Software Using ISP

/1 dobal "variables" (in flash-INFO
typedef unsigned int word,

#pragma menor y=dat aseg( | NFO)

static word Refcal _flash; /1 ADCl2 Ref calibration in Flash | NFO nenory
#pragnma menor y=def aul t

voi d check_cal (voi d)

{ if (Refcal _flash == Oxffff) /'l Check if Flash I NFO Refcal erased?
flash wite(&Refcal flash, 1500); /!l Wite initial assuned val ue 1500nV
}
voi d Ref _cal (void)
{ P2IE = 0; /1 Disable Push button interrupts
i f ((P2lI N&PB_TI ME) ==0) /1 1f Time button pressed decrenent cal
Refcal _ram-;
i f ((P2lI N&PB_TEMP) ==0) /1 1f Tenp button pressed increnent cal
Ref cal _ramt+;
if ((P2I N&PB_VOLT) ==0) /1 If Volt button pressed store cal in Flash
{ flash_erase(&Refcal flash); /'l Erase Flash I NFO segnent of Refcal
flash wite(&Refcal flash,Refcal ran); // Wite cal data to Refcal
cal node | = PB_VOLT,; /[l O ear cal node
P21 FG = 0; /1l O ear any pending push button int flags
P2IE = (PB_TIME | PB_TEMP | PB_VOLT); // Enable push button interrupts
}
}
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Notes
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Agenda - Dallas, TX - November 2002

Optimal Low Power Mode Utilization
Low Power Modes:
¢ Power source selection
¢ Power managing external components
¢ Importance of reducing system overhead
¢ Clock system design considerations
¢ Switching between low power modes
Optimizing Low Power Design with Peripheral Features:
¢ Using ADC12 autoscan to reduce data handling overhead
¢ Using ADC10 DTC to reduce data handling overhead
Interrupt Architecture:
¢ Interrupt vectors and priorities
¢ Enabling external and internal interrupt sources
¢ Adding interrupt support software in assembler and C
¢ Code solutions for managing single and multiple source interrupts
LAB Session 2
Lab: Reducing power consumption using LPM3
Lab: Demonstrate ADC12 autoscan sampling speed improvement
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Clo=sed Circurt

Battery Choice Can Eliminate Power Management

. . Typical Light Drain Discharge
Typical Discharge Curve (30 mA Continuous)
Carbon Zinc vs Alkaline (D size)

4 v 17
-
£ 15
1\ Continuous i@ 1C =
S e £ 13
= 2
= o 1.1
= 21 -
ﬁ 049 Carbon Zinc
=
1 20y

] 0 150 300 450 BO0 750 900
Time ]
service (Hours)

Flat discharge of lithium is ideal for direct-power o
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Direct-Supply Extends Battery Life

1-2UA 1-20uA + 1-2UA
| Vee In Out vee
3V CR2032 <l - LDO
' Vss g | [ MSP430
MSP430
> | >
T9) >
— >
Vss

Assumed minimum VCC = 2.7V

~ 2UA average current ~ S5UA average current
@2.7V CR2032 discharged 90% @2.7V “2xAA” discharged 12%
10-year battery-life 2-year battery-life

Flat discharge of lithium battery allows deep discharge o
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Power Manage Peripherals

3V CR2032 3V CR2032
' MSP430F44x ' MSP430F44x
SD Pxx /
Sensor O I>’4 ADC Sensor O I> ADC
/ \
TLV2760 "1uA OPA"
//
/ . . .
! Instrument active 4 x 1-minute interval / day
//
OPA with shutdown OPA without shutdown
0.01uA = Shutdown current 1uA = Quiescent current
20uA = Active current 1uA = Active current
0.06UA = Average current 1uA = Average current

OPA with shutdown is 20x lower total power in portable measurement applications9 .
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Reducing Operating Voltage Reduces Power Consumption

MSP430F1101 Current Consumption

350

300

250

200 o018V
@22V
B33V

150

100

50 l
0

LPM4 LPM3 CPUOFF IMIP
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Activity Profile Directs Power Management Decisions

CPU Activity @ 1MHz / Current Consuption
400uA —
3.3V
300uA —
2.2V + LDO
’.
200uA — -’
-7 e 22v
100uA —
rd
I”’/"
f, " 2
71 OuA LDO
l l l l

25% 50% 75% 100% CPU Active

Applications that must have high CPU activity can benefit from reduced Vcc o5
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Correct Use of Internal Peripherals

MSP430x4xx

]| L U UL

PL.2ITAL F—A\AA—

timer_A

Buzzer iIs driven using timer A PWM outputs requiring no CPU resources

;A bad way to toggle P1.1/2 - all software

Mai nl oop xor. b #003h, &P1OUT ; Toggl e
nmov.w  #165, R4 ; Del ay
L1 dec.w R4 ;
j nz L1
jmp Toggl e
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Ultra-low Power Event-Driven Activity

[1 On-demand 16-bit burst performance

Active Mode Storage mode
CPU on +— LPM4
DCOCLK ACLK on > All clocks off

250uA 0.1uA

(I Interrupt-driven activity

Stand-by
LPM3
32kHz ACLK on

0.8uA

[1 Normal mode LPM3

100
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Ultra-low Power Active Mode

15 sssssssssssssssssssssssssnnnnnn,

reserved for MEMX V ISCG1ISCGO0 GIE N 7 C Status Register

lllllllllllllllllllllllllllllllllll

0000000 o 0o 0 0O 0O1 0 O O

LFXTCLK
I|> 'y 1,12, 14,8 ——p ACLK = 32kHz
OscOff XTS
XIN T T
— D LFXT1 Oscillator CPLTJOff
] O
XOUT off
o-—o1n, 418 ——p» MCLK ~1MHz
O
DCOCLK T
VCC OSCFault
Rsel SCGO DCO MOD scal
L T % % .
oc Off DCO —
— + 0 _
Generator Modulator }O_ 1,12,14,/8 [——» SMCLK ~ 1MHz

Optimal Solution Uses 32kHz XTAL and DCO ~ 250uA

101
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Ultra-low Power Mode LPMO - MCLK Off

15

Osc | CPU SR Status Register
SCG1({SCGO off | Off GIE

0000000 o 0o 0 01 1 0 O O

N, LFXTCLK

P ' 1,12, 14/8 ——p ACLK =32kHz

OscOff XTS

XIN T T

— D LEXT1 Oscillator CP;Off

XOUT *° off
Q — MCLK =0
P

DCOCLK T
VCC OSCFault

Rsel SCGO DCO MOD

BT % I KR

DC off DCO off

Generator | | * +}O— 1,12, 14,8 f——p SMCLK ~ 1MHz

Modulator

Current Consumption ~ 30UA 102
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Ultra-low Power Mode LPM3 - MCLK and DCOCLK Off

15

sceilsceo| OS¢ | CPUI e Status Register

Off | Off

0000000 o 1 1 0 1 1 0 O O

[N, LFXTCLK |, ACLK = 32kHz

11,12, 14,/18
l/
OscOff XTS
XIN T T
CPUOff

— D LFXT1 Oscillator T
e

off

Xout MCLK =0
OSCFault
SCG1
off
SMCLK =0

Stand-by RTC - Mode Current Consumption ~ 1uA 103
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Ultra-low Power Mode LPM4 - All Clocks Off

sceilsceo| OS¢ | CPUI e Status Register

Off | Off

0000000 o 1 1 1 1 1 0 O O

ACLK = 32kHz
OscOff
CPUOSf
off
MCLK =0
OSCFault
SCGO
T SCTGl
off off
SMCLK =0

Storage Mode - Current Consumption ~ 0.1UA Loa
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ADC12

REFON INCH=0Ah

VeREF+ ¢

[] 200ksps+ Vegrs 15V or 2.5V |— AVCC
< Referernce
[1 Programmable Veer. / Verer.
e IR
Sample & hold MCTLXO - 3 AVSS Ref x 2.5V
1 avee ADC120SC
[J Band-gap Vref 2 3 ﬁ © 4
A0 > MCTLx4 -6 & ADC120N DIV oﬂ
- Temp. sensor e T T 11T oL pe
[] Low-batte ry 2‘31 : Samgle Vr- VR+ ARTTCLK Dl'v_'_dger 02— MCLK
detect A5 > %%; 1» Fiod 12-bit SAR O— SMCLK
[ ] Auto-scan 2;3 : § SIH \ Convert BUSY SSEL
A8 > T ISSH  ENC o
D 16 Word A9 —» SAMPCON Ol Sampling/Conversion T Ol_ ADC123C
conversion 3 Control Sy Og TAL
P ALL 0 * L L Y O~ T8O
bUffer AVCC SHP SHI SHT MSC O— TB1
[] One interrupt S Retx v SHS
vector ADC12MEMO ADC12MCTLO
generator with : i
enable and and 16X 12 16x8
flags in module Better. Control
register
AVSS ) ;
ADC12MEM15 ADC12MCTL15
105
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ADC12 Autoscan Feature

I CSStartAdd

v

1 EOS

R EAL

| 12-bit SAR CONSEQ
0140h ADC12MEMO - ADC12MCTLO | 080h : A
0142h ADC12MEM1 - ADC12MCTL1 | 081h * I
0144h ADC12MEM2 -] ADci2MCTL2 | 082h i I
0146h ADC12MEM3 <[ ADCizmMcTL3 | 083h :
0148h ADC12MEM4 = ADC12MCTL4 | 084h : I
014Ah ADC12MEM5 i ADC12MCTL5 | 085h i :
014Ch ADC12MEM6 — ADC12MCTL6 | 086h = !
014Eh ADC12MEM7 i ADC12MCTL7 | 087h i :
0150h ADC12MEM8 - ADC12MCTLS | 088h : I
0152h ADC12MEM9 -i[" ADpcizmcTLo | osoh : !
0154h ADC12MEM10 —- ADC12MCTL10 | 08Ah |
0156h ADC12MEM11 —| _ AbciamcTL1l | 08Bh i !
0158h ADC12MEM12 ~ ADC12MCTL12 | 08Ch i I
015Ah ADC12MEM13 i ADC12MCTL13 | 08Dh i :
015Ch ADC12MEM14 - ADC12MCTL14 | 08Eh : I
v 015Eh ADC12MEM15 i ADC12MCTL15 | 08Fh i v :
16 x 12-bit : 16 x 8-bit :
ADC Memory * ADC Memory Control : U
—————_——‘ "-- ------------------------ --“’:\\
- - - - N S
. 7 0 .
E T T T o T :
: EOSSref, source of reference INCH, input channel a0 to all

el il o

o i A

ML I

W ORLD

N AL P RD

C
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ADC12 Performance With ADC120SC

Facts on ADC12

[ Internal ADC120SC = 4MHz typical

[J Conversion time = 13/ADC12CLK, @4MHz Tconv = 3.25uS

[] Sampling time = nX4/ADC12CLK, here n =4 (min required)
Tsample = 4us for ADC12CLK @ 4MHz and n=4

[J Time to complete 1 conversion =Tconv + Tsample = 7.25uS

[1 Theoretical Ft(max) for ADC12CLK @ 4MHz, is 7.25us
Fs(max) = 138 KSPS

Note: Increasing the ADC12CLK (6MHz max) frequency will increase the
ADC12 throughput.
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Software Scan of ADC12 Example D437 _4.c

SOFTWARE INVOKES
CONVERSION

12-bitSAR
vV
0140h ADC12MEMO > / MOVE DATA TO
MEMORY
16 x 12-bit
ADC Memory

REAL WORL

D

S

=
R

N A

[] Very inefficient

[] Does not take advantage of Timer invoked
sampling and Auto-scan hardware

[1 Sampling frequency controlled by software
[] Loads CPU almost 100% of the time
[1 Fs(max) limited ~ 30ksps

for (i=0; i<16; i++) /] To collect 16x
{
ADC12CTLO | = ADC12SC; [l Start conversion
LPMD; /] Enter LPM
}
ADC12CTLO &= ~ENC; /1 Clear ENC bit

i nterrupt[ ADC_VECTOR] void ADC12I SR (voi d)

{

ADCDat a[i] = ADC12MEMD; /'l Move results
LPMD_EXI T; /1 Exit LPMD

}

108

P AOCESSING

\Eﬁ 1EXAS INSTRUMENTS



ADC12 Demo

[1 D437 demo board running D437 _4.c and D437 _5.c
[1 FET160 target board generating 10KHz Sine-wave

L2 Vcc

100kl  MSP430F169
3V _ 8MHz
—— RST/NMI XT2IN F——

O

||
NS
E=1
—
MSP430
F437
[ g 0

|

Vref
XT20UT }———
VeREF+
Vss
— 10KHz AO
— DAC OUT
P6.6 — 0O

BSL A JTAG

GND

V'V
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Auto-scan of ADC12

[] Auto-scan flow showing AO input scanned 16 times and stored
automatically and sequentially in the 16 ADC12MEMX locations -
ADC12MCTL15 configured to end sequence

| 12-bit SAR |
RRSL L L L L ELELEEEEEILEED ., CO
CSStartAdd \ 4
_ 0140h ADC12MEMO = ADC12MCTLO | 080h @
Is setto 0x0 0142h ADC12MEM1 [ ADCl2MCTLL | o081h :
0144h ADC12MEM?2 — ADC12MCTL2 | 082h “Single Sequence
0146h ADC12MEM3 - ADCI2MCTL3 | 083h i of Channels”
0148h ADC12MEM4 -— ADC12MCTL4 | 084h : mode with AO as
014Ah ADC12MEM5 + ADCI2MCTL5 | 085h i channel selection
014Ch ADC12MEM6 - ADC12MCTL6 | 086h : for ADC12MEMXx
014Eh ADC12MEM?7 + ADC12MCTL7 | 087h :
0150h ADC12MEMS8 - ADC12MCTL8 | 088h i
0152h ADC12MEM9 | ADCI2MCTL9 | 089h : CPU is interrupted
0154h ADC12MEM10 - ADC12MCTL10 | 08Ah i only after all 16
0156h ADC12MEM11 - ADC12MCTL11 | 08Bh : channels are
0158h ADC12MEM12 | ADCI2mCTL12 | 08Ch i converted (auto
015Ah ADC12MEM13 . ADC12MCTL13 | 08Dh i scanned)
015Ch ADC12MEM14 . ADC12MCTL14 | O8Eh :
V¥V EOS 015Eh ADC12MEM15 = ADC12MCTL15 | 08Fh :
16 x 12-bit : 16 x 8-bit :
ADC Memory + ADC Memory Control :-'
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Auto-scan of ADC12 Example D437 5.c

unsi gned i nt ADCDat a[ 16], i ;
voi d mai n(voi d)

{
WDTCTL = WDTPW + WDTHOLD, /1 Stop watchdog tiner
FLL_CTLO | = XCAP18PF; /1 Turn ON internal osc caps
P6SEL | = 0x01; /'l Enable A/ D channel A0
TACTL = TASSEL 2+MC 1; [l Timer_ A setup SMCLK UP Mode
TACCRO = 8; [l Set sanpling period 116. 5KHz
TACCTL1 = QUTMOD_3; /1 CCRl setup
TACCRL = 7, /1l For triggering ADC12
ADC12MCTL15 | = ECS ; /1l Assign end of sequence to ADCVEMLS5
ADC12CTLO = ADC120N+SHTO_2; [l Turn on ADCl2, set sanple/hold tine
ADC12CTL1 = SHS 1+SHP+CONSEQ 1; // TAL triggers sanple tiner,single sequence
ADC12| E = 0x8000; /| Enabl e ADC12l FG. 15
ADC12CTLO | = ENG; /' Enabl e conversions
ADC12CTLO | = ADC12SC, /] Start conversions
_EINT(); /1 Enable interrupts
LPMD; /'l Enter LPM
for ( i=0; i<16; i++)
ADCDat a[i] = ADC12MEM i ]; /'l Move ADCMEMK to RAM
_DINT() ;
ADC12CTLO &= ~ENC, /1 Cear ENC to disable conversions
} /1 SET BREAKPO NT HERE TO READ DATA
interrupt [ ADC_VECTOR] void ADC12I SR (voi d)
{
ADC12I FG &= ~0x8000; /1 Cear ADC12l FG 15
LPMO_EXI T, /1l Exit LPMD on return frominterrupt
}
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Results of Example D437 _5.c

Software Scan Auto-Scan

Number of Samples per cycle = Number of Samples per cycle =

How much time does the CPU
have for running useful code ?

How much time does the CPU
have for running useful code ?

Is this the best way of using Is this the better way of using
the ADC12 in the MSP430 ? the ADC12 in the MSP430 ?
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ADC10

REF+OUT REFON INCH=0Ah

Ve, . REFBurst
[] 200ksps+ P v
._OJ/Qf Vegrs 1.5V or 2.5V [— Avcc
] Prog rammable O Y " Reference
- | VREF-
sample & hold = I <
p INCH AVSS AVCCSR Ref x 2_5V
[] Band—gap Vref 14 , /<5 0/6 ADC100SC
SREF B
[0 Temp. sensor R T T ADC100N TD+VT , 0]
A2 > T Ol— ACLK
[] Low-battery A3 —-0—P Vv, Y ADC1O0CLK | Divider 2 Mok
R R+ o—
Ad —o——Pp| 3 Sample <o 1.8 3
detect AS p & [p| and 10-bit SAR O— SMCLK
. . A6 p £ Hold BUSY .
[] Signed/unsigned A7 p = siH_| \_Convert m e e SSEL
- P . A8 >
justification no Lyl SAMPCON Sampling! . 0% Apciosc
A10 > Conversion Control Sy Ol— TAL
[1 Autoscan —p A1 ADC10DF . 2
O— TAO
T éH*’ Méc 03_ TA2
[1 Data Transfer AVCC A 4
Controller - fDCTOMEM SHS
er X
. L 4
[] One interrupt @

VeCtOF Wlth enable Data Transfer Controller ?
and flags In mOdUIe ADC10SA i RAM, Flash, Peripherials
register 1 1 I i

AV ADC10CT ADC10TB ADC10B1 i
SS )
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MSP430 ADC10 Using DTC Example

; ADC10 Sanple A0 32x Using DTC Exanple - 1 MCLK per conversion

ADC10MEM

v
DTC reduces CPU loading >50x [“abciooTCr |

A
Data Transfer Controller i
ADC10SA 5 o
. RAM, Flash, Peripherials

= s

ADC10CT ADC10TB ADC10B1 !
——»

; ADC10 Sanple A0 32x Using Software Exanple >52 MCLK per conversion

clr.w R5 ; Clear pointer
ADC Loop bis.w  #ADCLOSC+ENC, &ADC10CTLO ; (6) Enable and Start sanpling
L1 bit.w #ADCLOBUSY, &ADC10CTL1 po<--\

j nz L1 ; (41)

nov.w  &ADC1O0MEM 0200h( R5) Po<--/

incd.w R5 ;o (1)

cnp.w  #020h, RS ;o (2)

j ne ADC Loop ;o (2)
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ADC10+DTC

CPU Overhead @ 4MHz / Sample Rate

100% ADC10
75% —
TLV1549
50% —
25% —
ADC10 + DTC
l l
50 100 150 200 KSPS
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ADC10+DTC 8192SPS Data Acquisition Example

External 10-bit ADC - CPU Active Per Sample
MSP430F123 32kHz

e Vcec

L
RST/NMI —
T

VCC CS P3.0

REF+ DOUT P3.2/SOMI

—»| Analog IOCLK P3.3/UCLK

TLV1549

REF- GND Vss

122 244  US

ADC10+DTC - CPU Active Per Sample

MSP430F1232 32kHz

(e Vcc

L
RST/NMI —
T

o—— Vss

122 244  US

DTC relieves the CPU from data handling and servicing serial communication e
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ADC10+DTC

. Vo MSP430F123 32kHz
hiad 1
RST/NMI 1
vce cs P3.0 T 1 MIPS
REF+ % DOUT P3.2/SOMI  P3.4/UTXD ———p» 2 MIPS
—»{Analog = 1OCLK P3.3/UCLK
|_
REF- GND Vss
O
[] Maintain 8192ksps and TX to PC every IMIP
. MSP430F1232 32kHz
= L
RST/NMI 1
T 1 MIPS
P3.4/UTXD |——p» 2 MIPS
—»{ A0
o——— Vss

117

HEAL WaRLD S IANAL P RARDBEESS ‘*{FTE}:AS INSTRUMENTS



MSP430 Memory Mapped Interrupt Vectors - F11x1

- ':; -7 INTERRUPT INTERRUPT FLAG SYSTEM INTERRUPT WORD ADDRESS PRIORITY
: | InterruptVectors | : Power-up WDTIFG Reset OFFFEh 15, highest
B [ B NMI NMIIFG (Note 1 & 3) (non)-maskable OFFFCh 14
FLASH \ OFFFAh 13
Main Memory \ OFFF8h 12
\‘ Comparator A CAIFG maskable OFFF6h 11
\ Watchdog timer WDTIFG maskable OFFF4h 10
\ Timer A CCIFGO maskable OFFF2h 9
‘\ Timer A CCIFG], maskable OFFFOh 8
\ OFFEEh 7
\ OFFECh 6
\ OFFEAh 5
\ OFFEsh 4
‘\ I/O Port P2 P2IFG.0 maskable OFFE6h 3
\ I/O Port P1 P1IFG.0 maskable OFFE4h 2
FLASH ‘\ OFFE2h 1
Info. Memory \ OFFEOh 0, lowest

Bootstrap Loader

RAM

Peripherals
SFR’s
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Interrupt Processing

Iteml

— P Prior to ISR
ISR hardware - automatically
:i:i ] PC pushed
[] SR pushed
PC
= <-SP (1 Interrupt vector moved to PC
[ GIE, CPUOFF, OscOFF and SCG1 cleared
[J IFG flag cleared on single source flags
ftem1 reti - automatically
tem2 | 4-SP ] SR popped - original
[] PC popped

SR and PC content saved automatically to TOS - ISR requires 11 cycles overheialg
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Ultra-low Power Modes In Assembler

lteml
ltem?2 <4-SP
#include "nmsp430x11x1.h”
ORG OFO0O0h X
RESET mov.w  #300h, SP ;
temt SetupWDT  nov.w  #WDT_MDLY 32, @&ADTCTL ; 32nms i nterrupt
ltem?2 bis.b #WDTIE, & E1 ; VDT interrupt
PC Mai nl oop bis.w #CPUOFF+d E, SR ; LPMD with eint
SR =00018 | €-SP nhop _ !
j mp Mai nl oop ;
VDT I SR bic.w #CPUOFF, O( SP) . Clear CPUOFF bit TOS
ltem1 reti ;
Item?2 @t mm mm A e e e A e A e A A A A R A A A R E AR A A R A E A A A R E A A A R A AR A A R R E A R A R R AR A AR R R R A R R R E AR AR EEEEEEEEEEEEEEEEEEEEEEs s
oC ORG OFFFEh :
DW RESET X
= -SP :
SR = 00008 | < ORG  OFFF4h :
DW WDT_| SR X

Iteml
ltem2 «4-- SP

ISR software modifies TOS - exit LPMx at end of ISR
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Ultra-low Power Modes In C

voi d mai n(voi d)

{
WDTCTL = WDT_MDLY_32; /1 32ms interrupt
| E1 | = VDTI E; /1 VDT interrupt
for (37)
{
_BI'S_ SR( CPUOFF+Q E) ; /1 LPM) with interrupt
_NOP
}
}
i nterrupt[ WOT_VECTOR] void wat chdog tinmer (void)
O ]
_BI C_SR | RQ( CPUCFF) ; /1 O ear CPUOFF bit fromTOS i
'--} ----------------------------------------------------------------------------------------------------------------------------

ISR software modifies TOS - exit LPM3 at end of ISR
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Timer_ A3 Interrupt Vector Generator TAIV

[] One dedicated interrupt vector for CCRO
[] One shared interrupt vector for CCR1, CCR2 and TAIFG

15 0

TAIV 1
0 0 0 0 0 0 0 0 0 0 0 o | Interrupt vector 0
12Eh —
O r0 0O 0O 0O r0O rO ro ro ro ro ro r-(0) r-(0) r-(0) rO
Interrupt  Interrupt Source Short Vector Vector Register
Priority form Address TAIV Contents
Highest  Capture/Compare 0 CCIFGO X N.A.
Capture/Compare 1 CCIFG1 Y 2
Capture/Compare 2 CCIFG2 Y 4
Reserved n/a Y 6
Reserved n/a Y 8
Lowest Timer Overflow TAIFG Y 10
Reserved n/a Y 12
Reserved n/a Y 14
No interrupt n/a Y 0

Vector generator allows expansion of vectored-interrupt capability
122
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Timer_A3 Interrupt Handling in Assembler

CCRO ISR, COF®X is reset automatically 6
xor. b #01h, &P1OUT
reti 5
CCRX | SR; 6
add &TAIV, PC ; Add offset to Junp table 3
reti ; Vector 0: No interrupt 5
j mp CCRL I SR ; 2
j mp CCR2_ I SR ; 2
reti ' No source
reti ' nNo source
TI MOVH xor.b #02h, &P1OUT
reti 5
CCR1_ ISR xor.b #04h, &P10OUJT
reti : 5
CCR2_ ISR xor.b #08h, &P10OUT
reti : 5
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Timer_ A3 TAIV Handling with C

/1 Timer AO interrupt service routine
i nterrupt[ TI MERAO_VECTOR] void Tinmer_ A (void)
{

}

/1 Timer A3 Interrupt Vector (TAIV) handl er
interrupt [TI MERAL _VECTOR] void Tinmer_ A(void)
{

swtch( TAIV)

{

P1OUT ~= 0x01; // CCRO

case 2: P1QUT "= 0x02; /1 CCR1
br eak;

case 4. P1QUT ~= 0x04; /] CCR2
br eak;

case 10: P1QUT ~= 0x08; /] overflow
br eak;

TAIV used as case indicator
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D437 _3.c Reducing Power Consumption Using LPM3

[1 Modify the main function of D437_3.c to LPM3 properly

voi d mai n(voi d)
{
init_sys();
check_cal ();
Ref cal _ram = Refcal flash
cal node = (P2IN & PB_VOLT);
while (1)
{
/1 THE FOLLOW NG LI NES SHOULD BE UNCOVMENTED FOR HI GH POAER DEMO
------ » | E2 = 0x00; // Disable Basic Timer Interrupt
comment :----- » while (! (IFQ&BTIFG); // Poll for Basic Timer I|nterrupt
------ P | E2|= BTIFG // Enable Basic Tinmer Interrupt
well.. THE FOLLOWN NG LI NE SHOULD BE UNCOMMENTED FOR ULTRA LOW PONER DEMO
uncomment :----- »:// §LPI\/B; /1 The main loop is synchronous to the 1 second interrupt.
“swi'tch (node)

{
case TIME tinme(); break;
case TEMPERATURE: tenperature(tenp_node); break;
case VOLTAGE: voltage(); break;
defaul t: break;

}

} Il while (1)
} /1 main()
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Notes
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Agenda - Dallas, TX - November 2002

Digital Communication
JTAG and Embedded Emulation:
¢ JTAG description and functionality
¢ Designing for embedded emulation
¢ In-system debugging with on-chip emulation logic

¢ Portinitialization, interrupts and alternative function selection
¢ Understanding current source and sink capability
USART:
¢ Peripheral module initialization sequence
¢ Effective USART baud-rate generation
¢ Using the USART in low power applications
¢ SPI master and slave mode selection

¢ Display memory organization
¢ Contrast control and temperature compensation
¢ LCD design process and efficient coding examples
LAB Session 3
Lab: USART capabilities from ultra-low LPM3
Lab: LCD contrast control demonstration
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Embedded Emulation = Real-time System Debug

Contol_Options Window_Help

g® e moEa=eme

E3R3

~ BEIE] s Temna /o
s
o e pover e 1T 157

210 1o power ot 1316 8192

om0

sP V- NZC RO4_ RO5  RO6  RO7  ROB ROY
osoc [p00000000 o000 [oooo | [o000  [oooo | [oooo | [oooo
Rl RI2 RI3 R4 RIS CYCLES CYCLES ABS

o R
woif foooo | o000 [001D | [0000 | [oo00  [0000 | [0000016055 [0000016055

0150 00 00 00 00 00 00 00 G0 00 00 00 00 00 G0 00 00
001c0_ 00 00 00 0O 00 00 00 00 00 0D 02 00 00 00 0D 00 .

2
Y asussEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

JTAG

MSP-FETP430IF L

[1 In-application

[1 On-chip embedded emulation

[1 IJTAG accessed communication
y [] Flash / RAM / peripheral access
' ; [] Full-speed 7/ single step

[] Multiple hardware breakpoints
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MSP430 and IEEE 1149.1 JTAG

Hardware Reset, PUC

[J 1EEE 1149.1 compliant s
but no boundary scan s LILT

[1 TAP Controller v
[J Instruction register Bl el
[1 Instruction decoder

D Elght data regISterS C Rgplgrft = SeleDcz;ta Register = Slrfls(:rcsction Register
Scan Scan
[J Emulation & breakpoint Logic - -
[ ITAG security fuse - -
[1 JTAG data Output 0 0
1 1
1 1
0 0
ez =
1 1
° °
1 1
1 0 1 0
+ 129

WoRLD SieNAL PROCESSING \EITE:ms INSTRUMENTS



MSP430 On-Chip Emulation Logic

[ Eliminates need for bulky T g —— 7'—'-':'-'—';"1
. - 1 1
In-Circuit Emulators | CPU ; i >
i I i
[] Hardware CPU breakpomts : ! JTAG Address J To/From |
) ) I | i Regist Peripherials, !
[1 PC instruction step contro i = S I Ram, FLASHJ:
] Trace coming soon ! — —
= — # ------- - | I L
: ! JTAG Data | :
1| HW Breakpoints Register 1
i < L
s ! | JTAG Control I H
. h Register I
Il clock i < Bypass |
: Generation :| | :
i ! L —\_ /!
i L TMS m—— : I
| T f A e -
i HIE= i TCK = "l Decode ) co
| [ Risc cpu 2 i ¥ \ | i
oo |[S] MDB il DI m |
1 I -2 P I 4 16 : L] | :
1 1 El T A = I
I I |1 __,//yif//:_l-—*m AN | I
1 . | p———— 2 L — e — e — 1
™S *— 1 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ———— .
TCK iqi .
o .1':‘ | erieneria Lo True-test during development of
TDO . . .
'!'_" dense devices and mixed-signal
e — analog systems can now be realized
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Emulation Supported Design

Vc OUT - For Host Threshold Adjust TEST (20/28 pin devices only)

< o > 1 TDO, TDI, TMS, TCK - leave
VN - From Host T unconnected if not used in-
- déé 0000000 application
1 00009 j’)_ °9 [ PWR & GND - in-system Vcc
Optional =

feedback (or) programmer-
s6K supplied

[1 RST pull to DVcc w/ 68k
(optional header connection)

[] TEST required only for
20/28-pin devices

[1 JTAG security fuse
programmed via TDI (or
TEST for 20/28 -pin devices)
6-7V @ 100mA max applied
for 1ms

:

-

i

AVcc
Dvss
AVss
P6.2 —

P6.1 |—
P6.0 |—
RST
TCK
TMS
TDO
XT2IN |F—
XT20UT |—
P5.7 }—
P5.6 |—
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Port Schematic

PISELX g

PIDRX g—oH |

Direction Control
from Module

-Pad Logic |-=----F~----~
P1.0..P1.7

=i

PIOUTX g |
Module X OUT

PLINX mg

EN
Module X IN 4D

PLIRQ.x ,—m PlIEx en ke Interrupt
C—- Q Edge
P1IFG.X Set Select

Interrupt P1IES.x :
Flag P1SEL.x

Port output and input latches are collected in different registers
132
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Port Drive Data Sheet Specification

TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
Vs vs
HIGH-LEVEL QUTPUT VOLTAGE HIGH-LEVEL QUTPUT VOLTAGE
T 0 T T
Vop =22V Vee=3V
P2.7T P27

-2

=10

—20 b Ta=85C

Ty =B5C
._d-.’r/

Ty = 25°C
|

|ogH— High-Level Qutput Current — mi
&
g — High-Level Output Current — ma
L
tn

Ta = 25°C

0.0 0.5 1.0 1.5 2.0 25 —30

e b L svel Outout Voltags -\ 00 05 10 15 20 25 30 3.5
— High-Lave L i 8 —
oH g pu g VH — High-Level Output Voltage — V

[1 The RpsonN of the CMOS elements limit the current that can be sourced or sunk
from each output port pin
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Port Driving A Load In The Real World

(- ]

MSP430 R

P1.1 T

P1.2 1K ST Ts<lL ' : : : : : :

P1.3 220 _ g b . e mmu
100 s ) . . ;

Chil 500my  Ch2| 500mY |M4.00Ms A Chl S 1.51V
Ch3[ 500mv__ |SGE| 500mV
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Port Configured As Virtual Open Drain / Collector

:
10K > 10K
MSP430V : :
cc S e s s M
"'T|\/|p100_~ ...................... ......................
~~~~~~ @_ m-_;m*-mmw g
| ¢

@E 2.00v |Ch2[ 2.00v  M[20.0us] A Ch3 £ 1.20V
bic.b #002h, &P10OUT ; load zero for output pin

bis.b  #002h, &P1DIR ; output direction = drive |ow

bic.b  #002h, &P1DIR ; input direction = signal high
135
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USART Serial Port

[1 Software selectable

UART or SPI
[J Auto-start from any Receive Status Receiver Buffer URXBUF | SNYC RXE
LPMX + + + Listen M.M
O ot SoM
Receiver Shift Register 4 —OB_._O o< >
[J Double buffered RX il +' i + and
i SSEL1 SSELO l URXD
and_ TX shift 0 H Baud-Rate Generator SYNC S
registers UCLKI —0 .
ACLK —20 Baud-Rate and Modulation STE
[] Baud-rate generator swcik —o Registers -
[1 7 or 8-bit data SMeLK—o Baud-Rate Generator E\C(ZTIC;S ! g
- - 3
D 9-b|t add_reSSIng WUT [P Transmit Shift Register > 0——10 SIMO
mode available 7 x _05*0—@
[J Error detection and TxWake Transmit Buffer UTXBUF
suppression CKPH SYNC CKPL
[] Two interrupt - | 1 | UCLK
vectors with enable UOLKS Clock Phase and Polarity [¢——»<_>
and flags in SFR and
module register
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USART UART Baud Rate Generator

UBRO UBR1
UCLKI —O__ ¢ 7 8
ACLK —O BRCLK
15-Bit Prescaler/Divider
SMCLK —O N
SMCLK —O
15
L] Modulator —- BITCLK :
8 lllllllllll
UMCTL

Example:

ACLK = 32768

Baud = 2400 --> 32768/2400 = 13.68
UBR1 | UBRO | UMCTL = 00h OCh 6Bh

----------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Modulator mixes adjacent clock dividers to enable
high baud rates even with low frequency XTAL.
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USART Configuration Sequence

1. Configure all USART peripheral module registers and appropriate module enable
(MEX) SFR keeping SWRST set

2. Reset SWRST - this loads USART state machine

3. Enable interrupt in appropriate interrupt SFR register

/'l NMSP430F123 Exanpl e

ME2 | = UTXEO + URXEO; /'l Enabl ed USARTO TXD/ RXD

UCTLO | = CHAR /1l 8-bit character

UTCTLO | = SSELO; /1l UCLK = ACLK

UBROO = OxBA; /1l 3.58NMnz 19200 - 186

UBR10 = 0x00;

UMCTLO = 0xO00; /1 no nodul ati on

UCTLO &= ~SWRST; [l Initialize USART state nmachi ne
| E2 | = URXI EO; /'l Enabl ed USARTO RX interrupt

USART module enable (MEX) bits are specific to each MSP430’s

— see device specific datasheet 128
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UART RX-Edge Detect Logic And Error Suppression

SYNC
Reciever Collects Character ]
URXSE —e
From URXD—| ¢ C
Clear
URXIE
Valid Character ]_
Recieved 3_ ISR
SYNC —Q Request
(S)
URXIFG
Character Recieved
or Break Detect >
Clear
IRQA —
URXSE —Q )
UXRXBUF
PUC
SWRST
Start Character from Host Stop
bit -~ —~_ _-—~_hit (¢
S%_/; \ / D
URXDx \ ; R \ )
N ) .’
Edge Character
Detect Recieved
URXIFG is not set - indicates start edge
RETI LPMO/aCtiVe- UART C|OCked URX”:G is set - Character rcv'd
Get character - URXIFG is reset
RETI LPMx 139
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USART RX-Edge Detect Example

32768
AINF—— % vCC v+ — 1
—/ IFORCEOFF V-
S xour — FORCEON L
g‘; _—|Cl+ g GND
g Tl (% JEN
(é) ——|C2+ é
Tlc. = N
P3.4/TX DIN DOUT 19200 < bC
P3.5/RX ROUT RIN >

[1 MSP430 is normally in LPM3 ~ 1uA - hardware FLL automatically calibrates
the DCOCLK with no CPU resources. The DCOCLK is used for UART baud
rate generation.

[] RX-Edge Detect will start DCO on start bit edge - clock is now available
for balance of character.

[] Periodically FLL must be on to calibrate DCOCLK.

RX-Edge Start DCO on start bit - allow fast UART support from LPM3

140
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What is The Maximum Speed of the MSP430 Serial?

[1 Asynchronous - UART or synchronous -SP1
[] What clock is being used?

[J XTAL?

[J DCO?

J HW FLL?

[] Software FLL?

[J What baud rate error can be tolerated?

[1 What CPU loading can be tolerated?

141
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MSP430x4xx LCD Driver

[ Ultra-low power
) < SEG39
[] Fully automatic > Mux > ——» S39
; >
[1 4/3/2 mux or static > Seass
- <Y - S38
[0 44x = 160-bit display Display < | segment ;
Memory Output
20x : Control
8-bits : SEG1 :
> Mux P ——p S1
>
< SEGO
> Mux P —p SO
> A A i i
A A
LCDM7I—| » COM3
LCDM6 B— Cgrl:lr;lﬁn > COM2
LCDM5 B——F——
LCDM4 = Control » COM1
—p COMO
LCDM3 B——
LCDM2 =& T T
LCDM1 Bm—
—p R33
LCDMO
Analog <
._+ Voltage Eiz
feo S Timing Generator —»{ Multiplexer | RO3
OscOff ?

142
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MSP430x4xx LCD Bias and Contrast Control

Switched VCC controllable
_-" with software

3/3 supply

Analog Multiplexer

*-------- 680k typical
1/3 bias_ - -~ -
"

-

0/3 bias ground

Vo -
~ Contrast control

143
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Mapping Segment Display Memory Effectively

R EAL

e C
d h
AR

6 2 244 2l 2l 2|
a
f b
[¢]
—

W OoORLD

13 4 o O 20
MSP430F437 (80-pin)
S11]23 ogeh
095h \\
2b _- \\
094h 18] S6
1g
093h 16| S4
1f le
092h 14152
1d 1c
091h 121 SO
1b la

S

Repeat for all additional digits

I G

N AL

PROCESSING

144
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Notes
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Agenda - Dallas, TX - November 2002

Next Generation Modules
I2C Hardware Module:
¢ Introduction to the 12C module
¢ Clock generation and synchronization
DAC12:
¢ Introduction to the DAC12 module
¢ Using hardware triggers to reduce signal aperture error
DMA:
¢ Introduction to the DMA module
¢ Triggering DMA transfers
¢ Reducing CPU overhead with DMA
¢ Using DMA with low power modes
LAB Session 4
Lab: Demonstration of 12C hardware and software interface solutions
Lab: CPU-less signal generation using DMA

146
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12C Module

[] 12C is an extension

of USARTO on the
‘F15x/16X

Support for 100
Normal 400kbps and
Fast modes

7 and 10-bit
addressing

Full master/slave
compliance

Byte and word data
format

Useable to trigger
DMA for high-speed
support

W ORLD S

Arbitration
Lost ~ MST
Listen
Receiver Shift Register
o
A
SSEL1 SSELO | «—Q CSCL
0
SCLin 1OH I2C Clock Generator Aj
ACLK —C2 D I2CPSC
SMCLK —30 I2CSCLL —a I2CEN
SMCLK —0O [2CSCLH €— Hold
i SDA
Transmit Shift Register > —O —
} T Receive/Transmit
12C Data Register I2C Data Regiser
I2CDR(077h) I2CDR(076h)

I G NAL

PROC

147
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DAC12 Module

ADC12 Reference Circuit REFON |INCH=0Ah

[J Programmable settling time Ve, v
VS. power consumption Veer N ,H 1.5V 2.5V | — avee
. . <+ \l Reference
[1 12-bit monotonic I <
0 Internal or external VRef DACI2SREF 25V
- - By ed]
[] Binary or 2's compliment
data format
[] Self-calibration option for AVSS
offset i
i DAC12IR v v DAC12AMP
[1 Synchronized or non- 19 90 Re TR
synchronized updates of DACL2LSEL DAC12_ 0 DAC12_00UT
multiple DAC12’s PACESRT H
. GND 0 GND _10 T
module 82 26 4
[] 8/12-bit voltage output DAC12_ODAT
®— Group Load Logic L L
DAC12DF DAC12RES
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DAC12 Offset and Calibration

[] Setup settling time
[] Set bit DAC12CALON

[J Will auto-reset upon calibration
completion

[1 ~11ms calibration time

[1 ~10x reduction in offset error
after calibration

REAL WORLD SIGNAL PROCESSING

A

Full- 1
Scale ~ g
Reduced:
Output Range E
Voltage '
]
]
]
]
]
} ]
: .
0 DAC Data OxFFF
Positive Offset
A
Output
Voltage
Dead
Zone
= R
of .~ !
, DAC Data

Negative Offset
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DAC12 Resolution & Data Formatting

FU”-“

[1 Upper 4 bits are truncated during word access B 2 -
[}
[0 When in 8-bit mode, upper 8 bits are ignored E
]
Output E
Voltage '
]
]
12-Bit Mode, 25 Compliment Data Format E
15 14 13 12 11 10 ] g 7 i 5 4 K] 2 1 A =
WEE | MR- 5 0 F
i . L 1 L i i i i i - DAC Data OXFFF
re-10 oresTp et omwe() ree1) redd ewslD) rseDG re0 ewelD om0 eweil) om0 a0 ewsl el

12-bit, straight binary mode
12-Gift Mode, Binary Dafa Format

b= U N = S I 1 El B T i § i a s i ] Full- 5 !
T T | T | T T | T | 1|1  caaa === -
WSS Lin Scale :
i L i i i i i i i |
muj nul [ian] mnui -l el AU el el PaUI el -] el e FalU] Pelh :
|
. |
8-Bit Mode, 2s Compliment Data Format Output |Mid-Scale ___ v __________ .
15 14 13 12 i1 0 ol & 7 L) 5 il 3 & i 0 Voltage :
| I I | 1
WEE | wEE-1 L '
1 1 1 1 ]
el orellp reedh el w1l readd ee) el omeal) masl) e wel ] maellG oredd eald)  nesll :
0 L
8-t Mode, Binary Data Format 0x800 (-2048) 0X000 OXT7FF (+2047)
1= 14 13 13 11 10 ] B T L] ] 4 E| 2 1 8]
T T T T T DAC Data
Lo L=a . ' .
! ; N | M 12-bit, 2's compliment mode
il L] nigyf L] ra-{l]  re0F  rweil] el e raefl] e rar-l]  ra-l] e ra-l] e
150
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Updating the DAC12

[J Four update methods
Data in DAC12.XDAT is applied directly to the DAC core
DAC12.xDAT is latched into buffer when all grouped DACs have received new data

DAC12.xXDAT is latched into buffer on next positive edge from Timer_A3 OUT3
DAC12.xDAT is latched into buffer on next positive edge from Timer_B7 OUT2

[] Data is latched only after DAC12.xXDAT register(s) is updated (may re-write previous
data)

[] DACI12I1FG signals data has been latched and new data can be written to DAC12.xDAT

151
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DAC12 Settling Time and Power Consumption

[J Three programmable output
amplifier settling time options:

Low: ts=60us, 1;,.=120uA A
Med: t,=15us, 1,,.=200UA

High: ts=3us, 1;,.=700UA Settling Time E Sgr?(;
[] Code-to-Code settling is >
10us, 5us and 2.5us, T
respectively Analog !
Output i

. S

Digital
Change

152
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DMA Module Overview

DMAONFetch ENNMI
T T DMAEN Srcincr Dstincr DT

[J 3 transfer channels _ DMAREQ —To T % %
] T!mer_A.Outl 1 DMA Channel 0
[J Configurable transfer  "m-5au2 = 2 Src. Address DMAOSA
trigger selections 2C XUDFIFG —| 4 | Dest. Address DMAODA
[1 Configurable channel PACLZOFG — Transfer Size DMAOSZ
it DMAEO — 15
priority 4
] Configurable block size PMAOTSEL < | PMAEN Sreincr Dstiner DT
. DMAREQ —™~ =
(] Single, block, or burst  1ime aouu |° 5 I T2 T % |
T 1 2 DMA Channel 1 . Address
transfer modes BZ?EBD'\(()I?; B g < Src. AddressDMA1SA — Space
: — =
[] Requires two MCLK 2C.XUDFIFG —4 [ 5 Dest. Address DMALDA 5
_1s T ,
cycles per transfer e b % Transfer Size DMALS? »{
[] Byte or word transfer 4
DMAOTSEL
[] Selectable edge or level- DMAIErNSrc#ncr Dsq!ﬂncr ?
i DMAREQ —I™\ 2 12 13
triggered transfer Timer_A.out1 —| ° =L
Timer_B.Out2 — 5 Src. Address DMALSA
I2CRRDYIFG —{3 | )]
I2C.XUDFIFG —] 4 Dest. Address DMA1DA
DAC12.0IFG — 5 Transfer Size DMA1Sz
DMAEO —] 15 l
?‘ RoundRobin
DMAOTSEL 153
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DMA Addressing & Transfer Modes

Addressing

[ Fixed address to fixed
address

v r

. DMA Complete DMA Complete
[] Fixed address to block of Controller Address Space Controller Address Space

addresses

[] Block of addresses to fixed
address

[] Block of addresses to block
of addresses

Fixed Address to Fixed Address Fixed address to block addresses

Transfer

Single transfer

Block transfer
DMA Complete DMA Complete

Burst transfe rs Controller Address Space Controller Address Space

Repeated single transfers L N
Repeated block transfers

O 0O o000 -

Repeated burst transfers
Block Addresses to Fixed Address Block Addresses to Block Addresse,i54
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DMA Operational Flow

[] Size, destination & source registers DMAEN = 0

R EAL

. DMAREQ =0

handled automatically by the DMA OMAXSz o

module DMAXSA 2
DMAXDA g

Address registers are stored DMAAboTt = 1 3

temporarily for Inc/Dec operations

DMA can be disabled or re-enabled
after each transfer depending on
mode selected

Single transfers require individual
triggers to initiate

Block mode halts CPU for entire
transfer of DMAXSz words/bytes

Burst mode releases CPU for 2
MCLKs after every 4 word/byte
transfers

W OoORLD S IEGNAL

PROCESSING

Idle

A

DMAAbort=0

A

DMAREQ=0

Wait for Trigger

A

2 x MCLK

€

Hold CPU,
Transfer word/byte

Handle DMAXxSz
SourceAdd*
DesiAdd

m

A
Burst State
(release CPU for
2XxMCLK)
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Starting & Stopping DMA Transfers

[ DMA transfers can be triggered on:
DMAREQ bit set
Timer_A3 CCTL2 CCIFG set
Timer_B7 CCTL2 CCIFG set
12C receiver has new data
12C transmitter requests new data
DACI121FG is set
External trigger - DMAEO

[J In-progress DMA transfers are halted by:
NMI interrupt (ENNMI = set)
Clearing of DMAEN (burst mode only)

Interrupts and the DMA
[J Other ISRs are interrupted by a DMA transfer
[ DMA transfers are NOT interrupted by system INTs (except NMI case above)

156
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CPU Overhead and the DMA

[J Comparison of a typical serial, 12-bit
DAC, DAC12, and DAC12 + DMA

[J DAC12 offers nearly 2x performance
increase over external DAC

[1 DAC12 + DMA provides >20x
performance increase

[] External DAC reaches max frequency
limit at <100% CPU loading due to data
1/F overhead

REAL WORLD SIiGNAL PROD

100%

75%

50%

25%

CPU Overhead @ 8MHz MCLK
(Interrupt Driven)

CPU loading External
required to DAC
generate a 3kHz,

16pt sine wave

DAC12 _.-~

DAC12 + DMA
|& B

|_| I I I I

2 4 6 8 10 kHz
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Low Power Modes and the DMA

[J MSP430 all LPM's = MCLK Off
[J] MCLK restored automatically when a DMA trigger is received
[ DMAonFetch

When enabled, the DMA will wait until the next CPU instruction fetch to
perform transfer when triggered

Eliminates low power mode exit for DMA transfer alone
[ When DCO = MCLK
LPMO/1 = DCO always on

LPM3/4 = DCO disabled: <6us latency to initiate a DMA transfer
required to power-up DCO

[1 DCO = Default DMA clock if MCLK is not equal to the DCO and MCLK is
not present

158
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DAC12 Channel Grouping

Groups DAC 0 & DAC 1

[ DAC_O thru n-1: Grow v v
Load
DAC12GRP & DACI12SEL =1 Logic Ve Ve
DAC12_00UT
[0 DAC_n: T SACIIEL N pAct2.
| DAC12GRP |
DAC12GRP =0 | | ?
i i—O |
DACI12SEL = Group Trigger SRC : : > DAC12 OLatch
1 DACL2GRP groups the DAC with = ; 1
the next channel in the module pACL20DAT
[1 Grouped DACs will update
synchronously on a trigger Triggers synchronous update [ .
[J DAC data latches after: J YR YR\ pacia sout
All grouped channels have {OACIASEL HPIDAC
received new data &... R
o . o ] 17O o 1
DAC trigger is received .- 5 2 1 SV p—
N oy 5

|
Example: i
e Move data to DAC12 ODAT
e Move data to DAC12 1DAT

e Trigger DAC12 1
(Data load is independent of order)

REAL WORLD SIiGNAL PROD

DAC12_1DAT
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Sine Wave Generation - CPU-Free

Goal - Output variable sine wave using the ‘F169 DAC12 module

[] Sample a variable voltage
[] Translate to a frequency-dependent sine wave
[1 Compare External A/D & D/A to —
Initialize System:
‘F169 ADC].Z & DAC12 USing DMA Ports, Timers, ADC12, DAC12, DMA
Load Sine Table
Start Timers, ADC12, DMA
Enable INTs
L Vce ¢
100kl MSP430F169 Turn Off CPU
_ 8MHz
RST/NMI XT2IN F—— ADC12 ISR Timer_A CCR2 Trigger
E Vref T Average Sample | DMA: |
0.1 |1.0pf VeREF+ Update CCRO | Transfer data to DACO
| Increment Data Pointer
Vss I_ ______ J
AN~ P6.0 P6.6 —oDAC out
>

160
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Sine Generation C Code -ADC12 Setup

[/ Setup Tiner B

TBCTL = TBSSEL1 + TBCLR; /1 SMCLK, clear TBR
TBCCTLO = OQUTMOD 7;

TBCCRO = OxO03ES;

/] Setup ADC12

P6SEL | = BI T2; /1 P6.2 = ADC CH2
ADC12CTLO = ADC120N + SHTO_5; /1 ADCl2 on, set sanpling tine
ADC12CTL1 = SHP + SHS 2 + ADC12SSEL 3

+ ADC12DIV_7 + CONSEQ 2; // Use sanpling tiner, set node
ADC12MCTLO = | NCH_2; /'l REF+=AvVcc, ADCl2MEMD = A2
ADC12I E = BI TO; /1 Enabl e ADC12I FG 0
ADC12CTLO | = ENG; /'l Enabl e conversions

[J Timer_B Clock = XT2 = 8MHz
[J] TBCCRO = 1000 - TBCCRO trigger at an 8ksps rate
[1 ADC12 begins a new sample/convert cycle each TBCCRO roll-over

[] Upon conversion completion, the CPU executes ADC12 ISR, averages 8
samples and updates Timer_A CCRO
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Sine Generation C Code - DAC12 Setup

[] P6.6 configured for DACO output
[J] DAC12 -VeREF+, 12-bit Mode, Fast Settling
[] Data written to DAC12_ODAT auto updates R-string

/1 Setup DAC12 ChO [/ Data Table for Sine Qut
P6SEL = BI T6; const unsigned int
P6DI R = BI T6; DAC Tabl e[ 16] =
DAC12_OCTL = DAC12SREF_3 + DACL2IR // DAC 0 REF = VeRef +, { 0x0000,

+ DACL2ANP_7; /1 fast settling 0x009A,
0x0256,
Ox04EF,
OxO07FE,
0x0BOE,
Ox0DA7,
Ox0F63,
OxOFFF,
Ox0F63,
Ox0DA7,
OxO0BOE,
Ox07FF,
Ox04EF,
0x0256,
0x009A,
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Sine Generation C Code: DMA Setup

[] Timer_A CCR2 triggers DMAO

1 DMAO moves data from sine table with auto-increment source
address, single word transfer mode to DAC12_ 0

[/ Setup Tinmer A

TACTL = TASSEL1 + TACLR; /'l SMCLK, clear TAR
CCTL2 = OUTMOD _0; /'l Toggl e Mbde
CCR2 = 0x00;
/1 Setup DVA to transfer Sine data
DVACTLO = DMAOTSEL_1; /1 TACCTL2 CCl FG trigger
DMAOCTL = DMASRCI NCR 3 + DMADT 4 + DMAEN; /[l Incr SRC, HWtri g/ xfer,
DMAOSA = (int) DAC Tabl e; /1l Pointer to Sine data
DVMAODA = 0x01Cs; /1 Destination Address: DACO
DMAOSZ = 0x010; /1 16 words to transfer
OxFFFF;E _______________________
g CCRO:>(le_F4_ ______ _
g CCRO = 0x046
o N
£
|_
CCR2 =
Ny S A y A .
DMA 'Ilrigger / Counts g
Timer_A Roll Over 163
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Sine Generation - CPU Resources - ADC

[J CPU is off when not handling ADC12 data

[] ADC12 ISR execution time:
Samples 1-7: 21 MCLKs to execute + 11 MCLKs to enter/exit ISR
Sample 8 : 50 MCLKs to execute + 11 MCLKs to enter/exit ISR

[] Total loading due to ADC12 ISR = 0.29MIPs
for (53)
{ _BI'S_SR(CPUOFF); /1l CPU of f
_NOP() ; /1 Required only for C-spy

}
}

/1 ADCl1l2 interrupt service routine
i nterrupt[ ADC_VECTOR] void ADC12l SR (voi d)

{ Result = Result + (ADC12MEMD); /1 Accunul ate ADC result )
Sanpl es++; /'l 1 ncrenment sanple counter
i f (Sanples == 8) /'l Eight sanpl es? -
{ Sanples = 0; /'l Reset counter -
CCRO = Result/8; /[l CCRO = Average Result
Result = 0; /1 Clear result
} /
} (21+11)x7000+(50+11)x1000 [~ 5gMmips
1,000,000
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Sine Generation - CPU Resources - DMA & DAC

[J DAC12 is updated transparent to the CPU
NO INSTRUCTIONS ARE EXECUTED FOR DAC UPDATES
[J CPU “Loading” due to DMA
Each DMA data transfer takes 2 MCLKs - 1 for data read, 1 for data write
CPU is halted 2 MCLKs for each DMA transfer
MAB & MDB control belongs to the DMA module
[ Total “loading” due to each DAC12 data update for a given fq:

MCLK
Cycles Data

\ / / Points/Cycle

1.7kHz x 2 x 16
1,000,000

Desired Fout

=0.055Mips
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Sine Generation - Total CPU Loading Results

[] Typical External ADC/DAC
ADC (8ksps): 1.62MIPs
DAC (1.7kHz): 1.7MIPs (~62 MCLKs/transfer)
[] Integrated ADC12 & DAC12 using the DMA
ADC (8ksps): 0.29M1Ps
DAC (1.7kHz): 0.055MIPs (2 MCLKs/transfer)

[l Fewer MCLKs/data fetch 100% o
[] Data 1/0 time = fetch MCLKs / External ADC/DAC]
80%
[ Reduced power ° ,
[@)]
= 60%
(]
(@)
Bl )
> 40% —
O ////
20% _—
| __— |Integrated ADC/DAC/DMA
—
0% I HEEEEEEREN
0 20 40 60 80 100

DAC Frequency (kHz)
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Notes
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Agenda - Dallas, November 2002

Fast Track Production
Overview of the different Flash programming options:
¢ Production programming with the PRGS JTAG programming adapter
¢ Production programming with a user-developed JTAG device replicator
¢ Accessing the BSL for production programming
ROM:
¢ Devices offered
¢ ROM process description
System Design and Best Practices:
¢ TI ESD testing specifications
¢ PCB layout fundamentals and suggestions
¢ Solutions for supply voltage brownout

168

REAL WORLD SIBGNAL PROCESSING \E;TEmslws-mLMEM*rs



In-Application Flash Production Programming Options

[] Fast Your End Equipment
[] Simple
[] Low cost —°
1 Flexible MSP430F149  VCC
- TMs|—o [] PRGS /7 GANG
——— TCK -
| 377G - — ° [] Softbaugh_ Repll_cator
L 00l [] Your solution using App.
L Report SLAA149
Flash
—1 ISP
BSL |— RST/NMI|—o0 [] Gessler/Softbaugh
|| SERMT IR (] Your solution using App.
9600 —  P22l— o Report SLAAO96 and
SLAAO089
VSS
I

169
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PRGS Description

[] Uses JTAG in or out of application =lox|
C s T gt AN NN NNy
i 1 i Fib: Mae Digrwice Sedeck n Supok Vallage o
[ Programs Slngle unit at a time | ©\Lbmtekaeal 430 s sheog PRES P J CHEE 53 =k | v =
[] Erase, Program, Verify, Read-Out Locaion Devicablansion o F Vecwachon 3
~58s for 60kBytes (1.0 kByte/s) —_— -
_ ) : Program 1] | Ene verly (2] Readou (3]
[] Requires a PC via RS-232 L S| FlachEvase Opions
[ Erass Flssh Lo
[1 GUI and Zor DLL Puogan | a7 e Check ._": ___________
i i = : :
[1 User's Guide: “MSP430 Family o — E
Serial Programming Adapter RIIIIIIII .
Manual” SLAUO48B Faazel Davice P Cormmuric i 5 Miings
Prsmer Supsly 1M Fixt Bl Fisie
”'3‘3?'::'3 " %Lm AT MM EG z [n=m |
Slmhuy
[ s...:.r:;;-i o . Jirdspher conrecied
k
Boews
WIS P30 Seri il Progresmeming Adapder
WS P-PAGSAI0
L ] | | |
JTAG Conrassi
o e WIS P30 REZIZ Oud ) ) ) )
e B e Available through TI and Distribution
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PRGS

Readout Attendee’s D437 With PRGS
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MSP430 JTAG Commands For Programming

Macro Nams Function
IR_SHIFT(8-bit Instruction) Shifls an B-ba JTAG irstruction ino the: JTAG
nslruction megisier, Al the same time, the B854 value is
shifted out through T
DR_SHIFT1&{18-hit Data) Shifls a 16-ba dala word inlo a JTAG dala register
Al the samea lime, e 16-k value = shifled aul throegh
TOO
Dhslivy (Lirme) ‘Wail for the specified time in ms
SafTCLE Hal TCLK 1o 1
CITCLK Sat TCLK 1o 0
TOCvalue ‘Variable containing tha last valua shifted cut on TDO
Insfruction Name B-Bit Instruction
Value (Hex)
Controlling the MAB [Memory Address Bus)
IR_ADDR_16BIT Ol
IR_ADDR CAPTURE OB
Controlling the MDB [Memory Data Bus)
IR _DATA TO ADDR ifeh
IR_CATA 1BBIT Oxd 1
IR_DATA_CUICK a3
IR_BYPASS OxFF
'Cmtmllmg the CPU
IR_CNTRL_SIG_16BIT 013
IR_CHWTRL_SIG_CAPTURE Oxl4
| IR_CNTRL_SIG_RELEASE 015
Memory Verification (via Signature Analysis)
| IR_DATA_PSA Umd 4
IR_SHIFT_QOUT_FS5a O
EII Prn;;'ImminE
IR_Prapare_Blow (2
IR_Ex_Blow s 172
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Building A Device Replicator Using JTAG

Target MSP430

(] App Report: “Programming a Source

Flash-based MSP430 Using i  or 543

the JTAG Interface” -

SLAA149 Convert
[J System description i ot
[J Host Software in C v Y
[] A proven “Replicator” E i i . . §

schematic E Filemaker.exe E E UStgg]lirtioi ine E
O] Filemaker.exe § + § e !
[ Complete hardware solution | Replicatorpr | |

available from Softbaugh 5 ;

I Program via JTAG

HOST MSP430

i Replicate via JTAG

Target MSP430
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An MSP430 “Replicator” Spec

[1 HW as described in

“Programming a Flash-based
MSP430 Using the JTAG
Interface” available from

[=]

SoftBaugh b
[] Standalone production =
Programmer

[J Compatible with all MSP430
Flash-based devices

[J Maximum target device
program code size: ~57 KB

[J Programming speed (Erase,
Program, Verify): ~8 KB in 1.5
sec, 48 KB in 8 sec

[] Fast verify and erase check:
~17 KB/10 ms

Joieat|dey DEedSd

g ¥
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Replicator

Program attendee’s D437 with Replicator
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MSP430x11x Flash BSL Overview

Interrupt Vectors

FLASH
Main Memory

FLASH
Info. Memory

Bootstrap Loader

RAM

Peripherals
SFR’s

W o

AL

R'LD

[1 9600 “auto baud” UART
[1 No XTAL or any XTAL can be in place

S

I G N AL

N\
AN MSP430F11x1
A TEST P1.7
b - Vcce P1.6
\\ —_1 P25 P1.5
I 4 Vss P1.4
<~ Tx— xout P1.3
! r 1 XIN P1.2
\ 7
Se--- RST/NMI P1.1] TXD
—1 P20 P1.0
—1 P21 P2.4
RXD p | P22 P2.3
- Another ‘430
-PC
- Production platform
RST/NMI A } \
LN b A S N T O W I
Bootloader starts
Test (internal) “TTTTTrT 1T T 11" T
T 1 T T T
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Flash BSL Function Summary

[] Programs single units in application

[] Uses 9600 / 38400 baud UART protocol 8E1
[J Erase, Program, Verify, Read-Out

[1 V1.60: 20s for 60kBytes (3.00kByte/s)

[0 App Reports “Application of Bootstrap Loader in MSP430
w/Flash Hardware, Software Proposal” (SLAAO96B)
and“Features of the MSP430 Bootstrap Loader”
(SLAAO89A)

[1 PC-based solutions available from SoftBaugh & Gessler
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Flash BSL Functions & Password

Password Protected Functions
[] Receive data block to program flash memory, RAM, or peripherals
[] Transmit data block
[1 Erase segment
[] Erase check
[] Load program counter and start user program

Unprotected Functions Max Code Crack Duration:
[ Receive password ~ 134e66 years @ 9600 baud '
[1 Mass erase | ~ 33€e66 years @ 38400 baud

[1 Transmit BSL version
[] Change baud rate

Code Specific BSL Password = 16, 16-bit Interrupt Vectors:

44 bytesx 8 bits
9600 baud

2256

combinations x = 4.245e75 seconds
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BSL Command Structure

BSL Command |HDR|CMD| L1 | L2 [AL| AH | LL | LH (D1| D2...Dn |CKL|CKH|ACK
RX Data Block |0x80|0x12| n n |AL| AH | n-4 |0x00|D1|D2...Dn-4| CKL|CKH|ACK
RX Password Ox80|0x10| 24 | 24 [xx]| xxX | xx xx [D1]| D2...D20 [ CKL|{CKH|ACK
Erase Segment |0x80|0x16| 4 4 |AL| AH [Ox02[0OxA5| - CKL|{CKH|[ACK
Mass Erase Ox80|0x18| 4 4 [ xx]| xx [ xx XX - CKL|CKH[ACK
Erase Check Ox80|0x1C| 4 4 |AL| AH | LL [ LH | - CKL|{CKH|[ACK
Chg Baud Rate |0x80|0x20| 4 4 |D1| D2 | D3 | xx | - CKL|CKH|ACK
Load PC Ox80|0x1A| 4 4 |AL| AH | xX XX | - CKL|{CKH|[ACK
TX Data Block Ox80|0x14| 4 4 |AL| AH n |0x00| - CKL[CKH| -
BSL Response| 0x80| xx n n (D1|D2...| ... ...Dn | CKL|CKH| -
TXBSL Version |0Ox80|0x1E| 4 4 | xXxX| XX | XX XX - CKL|CKH| -
BSL Response|0x80| xx 10 | 10 |D1|D2...1 ... oo | ..l ...D10 |CKL|CKH| -

[1 All transfers begin with header - 0x80

[] L1 = L2 = Length number of bytes to RX/TX - AL thru Dn

[1 L1 <255, and must be even

[1 OXAH|]AL = start address

[] OXLH|LL = # data bytes(<=250) or erase check size (<=OxFFFF)
[1 OXCKH|CKL = Checksum
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BSL

Re-program attendee’s D437 with the BSL
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MSP430 Gang Programmer Concept

Preview.

[ Parallel flash programming
[] Serial verify & fuse-blow

[J Non-volatile memory for standalone
programming

Sequencing < 8xTDO , )\

> control Logic ’ To/from target
, MSP430's
q 8 x TDO
PC I/F JTAG
SPI :
RS-232 [ HOST TMS, TCK, TDI :
< 4 > |
(MSP430F149) 7 > | 8 max
JTAG |—> '
|
]
CNTRL¢ EEPROM
V.., GND T JTAG
Adjustable Power a y >
Supply # PP >/
Ve, GND
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MSP430 Gang Programmer (2Q-2003)

=2 PP 30 FLASH Gang Programmer

. . ban Frioccs: Dragrtic
[1 Extension of Replicator Concept ceaponees | || T T T TS
[J Programs up to 8 targets Coesced T CCCC OO
imultaneousl FEme FEChek | EChwked T rCrr
simu y FF Progam | Vel Veled CCCOCCCCOr
[] Stand-alone or controlled via RS232- ™ Blow Fuse Fallown I -
r
Port e O Al Crorrrrorrr
[] ~5kB/sec (60kB in 12sec) s
[] Storage capability for target code: Slehas informelion
4MB %
[J Firmware can be updated via the Tergel Fowes / Davice
Supply Volags Dievice Type
R8232—POI’t ¥ Supplisd by Progiamse |g_r-..l ﬂ Ipm'_- ll
) F Swsich Voo off Dierica Infimalon
[] Multiple programmers can be operated FAM: 255 Ble  FLASH. 4 Kiiyls [+256 Byie]
in parallel T arpet Progeam
Fila Marmes
[] Supports programming of the security Losdinage | [ |
fuse _ —
Serace Commurscshon Selirgs
Categmiy LI Frost Baaa] Figte
[ - | [EE | [n5m ~]

104

REAL WORLD SIGNAL PROCESSING \EITE}:AS INSTRUMENTS



Gang Programmer

Gang Programmer Demo
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Flash Field Upgrades

[] Fast
[] Simple

[] Low cost
L] Flexible

R EAL

Your End Equipment

MSP430F149  VCC
T™MS o
TCK o
| JTAG TDI o
TDO o
—1 Flash
_1 ISP
BSL }— RST/NMI}———o0
| | ROM |—  Tck|—o0
UART |— P1L1}—o0
9600 |— P2.2}—o
Your
Code [¥=~_P*X[
vss| ™=~

W ORLD

s BN AL PRARDMEESS

[1 PRGS /7 GANG

[1 Softbaugh Replicator

[] Your solution using App.
Report SLAA149

[] Gessler/Softbaugh

[] Your solution using App.
Report SLAAO096 and
SLAAO089

~ -
~o
-~

your solution
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Flash Programmer Summary Q & A

[J Why is the FET not recommended for production?
[J What tools are available to aid development of a custom solution?
[J 1 want to use the BSL in production, how do | protect my IP?

Tool Program Times
(Erase, Write, Verify)
160 T
BSLv1.10 | =
140
P
120
P
100
o~ A
> 80 ipd BSL v1.40
= )
F e el T | PRGS
—
L1 L
L1 L
40 i 1T FET
L1 L
20 P T | BSL v1.60
P e N S s s A ::~~i Gang N
= — L—— — Replicator
0 10 20 30 40 50 60 70
Memory Size (KB)
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ROM Option

[] Factory masked ROM is available for the following device families:
MSP430C11x1
MSP430C13x1
MSP430C31x
MSP430C32x
MSP430C33x
MSP43C41x
[] 10-week lead-time for first samples
[1 50ku / year minimum volume
[1 $3k USD NRE
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Production Checklist

[ Is the supply voltage glitch-free and within the specified device limits
[] Is an initial software delay provided for the DCO and FLL to settle

[1 Is the watchdog timer disabled or configured properly for the application
[ Is the crystal can grounded

[] Are Dvcc and Avcc at the same potential

[J No signal paths are passing near the crystal

[J Have the recommended ESD handling guidelines been followed

[1 Are all unused 1/0 pins configured as outputs and not connected

[J Are all ITAG and Test (20 and 28-pin devices) pin left unconnected

[J On a ‘4xx device, have the OSC_CAP internal capacitors been enabled
[1 1T an HF-XTAL is used, has the proper turn on sequence been followed
[J Has the USART been configured properly
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T1 Device-Level ESD Specification

100M 1.5K
o—/\V\/'—— DUT

[J 2KV Human Body Model

— 100pF

10nH 25

[] 500V Charged Device Model @@

S5pF——=
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Proper Supply Pin Configuration

[1 AVcc and DVcc connected internally by diodes

[] DVcc - AVcc << 0.3V - always! - do not power down Avcc

[ DO NOT power down DVcc and AVcc separately

[J AVcc must not come up before DVcc

[] Avss and DVss connected internally - always connect them on your board

MSP430

+ O @ DVcc

50 - 100

T AVcc

AVss
-0 DVss
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System-Level ESD Testing

[] Your system-level ESD requirements can sometimes reach as high as 15KV
(IEC61000-4-2).

[] System-level specification - not device level specification.

Discharge Gun

Insulation

ESD Simulator DUT

Horizontal coupling
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Decoupling Capacitors

[ Most common is .1uF - often, 0.01uF more effective against ESD.
Combinations of values are commonly used.

[1 Lead length is critical because of inductance
V=L*di/dt
L for leads and PCB = 20nh/in
ESD hits can induce di/dt of 10a/500ps
V =400V/in

Vias to
ground
plane

Keep traces/leads absolutely as short as possible. Also keep supply lines

short because inductance can cause overshoot. Lo1
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PCB Layout Fundamentals - Crystal Critical!

[1 Keep crystal lines short - less than 1cm - remember length = inductance
[] Ground crystal can

[1 Ground ring around crystal lines

[J No traces under crystal

[] Ground plane underneath crystal

Ground plane underside

J

-~

Pad to ground
crystal can
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External ESD Suppression

[] Series R most basic. Also helps reduce Vcc ringing at power-up
(inductance) - can also be combined with diodes.

[] Suppression devices such as varistors, thyristors, TVS diodes, etc.
should be used in extreme cases (www.littlefuse.com).

(I\ MSP430F11x1
VCC

500-1K ohm 33-100 ohm
i amVAVAYA Input Output >

VSS
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PCB Layout Fundamentals

[] Use ground plane where possible to lower current-path inductance
[ Properly terminate all unused ‘430 pins - See user’s guide

[1 No floating copper islands on the PCB - they can induce noise and arc in the
presence of ESD

[1 Avoid crossing breaks in the ground plane with traces - this increases loop
inductance

[1 Keep the ‘430 out of the path of ESD
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Enclosure Openings - Close Them!

[] No direct openings or keep PCB away from openings
[] Use gasket around LCD opening
[] LEDs are particularly vulnerable - direct path to PC board

Lens
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Enclosures - Grounding Paths

[] Provide ESD a path to ground

[1 Keep MSP430 out of path of ESD
[] Ground the connector shrouds

[1 Ground the enclosure

Likely ESD Strike Points

e

VA

/ %

Additional LCD @

Ground—|_| ESD paths

"barrirer" \ 4\
Ground ring
around PCB

MSP430

J0C
000
J0C
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MSP430 Power On Reset (POR) Circuitry

....................

|
|
|
|
|
|
|
!
l) H r— 2 POR
: Latch » POR
;L . R
i
|
|
|
)

VCC

1
1
1
1
1
1
1
POR !
Detect ]
1
1
<
1
1
1
1
1

------------------ — |
P Delay
RST/NMI | ’_DC
NMI(WDTCTL.5) T » S
TMSEL S
WDTQn J ) » S PUC PUC
WDTIFG S Latch
» S
O [

KEYV

The two parts of the power-on circuitry are:
[] Power-on reset detection
[] Power-on reset delay
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Valid POR Versus Supply Voltage “Brown-Out”

Caution: Power-on Reset is not a voltage supervising circuit!
198
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Supply Voltage Protection Using Discrete Solutions

Caution: Battery Insertion is NOT
a clean event!

= ; : _ | | _ _ _ |
Chil 2.00v  |Ch2[ 2.00V M 0.0ms A| SR v| 1uA 1.8V Comparator. MSP430F11x1
Ch3[ 2.00V |@iE 2.00V
> * VCC
1K
| ] h TLV3491
3V 150K RST/NMI
T 51K T
T .1uF
1M
® VSS
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Supply Voltage Protection Using Integrated Solutions

220nA SVS

O { VCC
VDD RESET RST/NMI

MR
CT
_| GND
o—l—r _J VSS
1.2uA LDO + power good

TPS3836E18
MSP430F11x1

Oo——eo—IN Out Y VCC
%
—
& E:
% PG RSTNMI
= 2
<
=
J 0.47uf ——
o o VSS
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MSP430F1xx2/x4xx/15x/16x New Brownout Protection

"uf't:l:istart}_r/ \

'y

1

o
-l'(EEl'R]

POR/Brownout Reset (BOR) vs Supply Voltage
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Brownout Parameters

POR brownout, reset (see Notes 25 and 26)

PARAMETER TEST CONDITIONS MIN YP MAX | UNIT
tBOR(delay) 2000 us
Vecor dVppldt = 3 Vs (see Figure 13) 0.7 =Vg 11— W
Vie.iry Brownout dWVepfdt = 3 Vs (s2e Figure 13, Figure 14, Figure 158) 1.71 W
V(B 1T dWppfdt = 3 Vs (ses Figure 13) 70 130 180 my
¢ Pulse length needad at RST/NMI pin to acceptad reset internally, 2 L8

(reset) Veg =22VI3V |

NOTES: 25. The current consumption of the brownout module is already included in the lqq current consumption data. The voltage level Vg 11_
+ Vh?ﬁ{B.lT—:l is=1.8V

26. During power up, the CPU bagins code execution following a period of teorjdetay afterVeoo =Vigiro + Viysie, 1o The default FLL+
settings must not be changed until Vee 2 Vegiming: See the M5P430x4xx Family User's Guide for more information on the
brownout/SWVE circuit.

Brownout circuit assures device startup because threshold is above

the starting threshold of the CPU. 002
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MSP430F4xx/15x/16x Supply Voltage Supervisor
— E IJ]’ NMI ——(Q )
L Tau ~ 50nS

d
-

VCC

\—O<17 TCK VCC |
Brownout
VCC

Reset
M v
N —,

P6.7/A7 > 15
14 _\Q~ Sou;L—D_._ Set POR
1 T
{ fece; ~ 5OUS

M P P1.3/SVSOut
1.25V ® >
2 ~
1
L~
— o
Set SVSFG
1 . 1
VLD

SVSCTL Reset
056h . : . PORON [ SVSon | SVSOP | SVSFG SVSCTL Bits

rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r r rw-(0)

A 4
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Agenda - Dallas, TX - November 2002

Future Products

Get a sneak peak of what's coming in the next 12 months. Hear about the integrated sigma delta
converter, programmable state machine, MEMX memory expansion, and increased processor clock.
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