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Summary from previous session/s

« Low Power Embedded Systems and Applications

« MSP430 Architecture, Instruction Set, Clock System,
Memory map

« MSP430 Family

« Programming MSP430 using CCS
 Low Power Modes and Interrupts
 MSP430 Peripherals |

 MSP430 Peripherals Il
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Agenda for this session
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— DMA
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DMA (1/5)

* The Direct Memory Access (DMA) controller transfers data
from one address to another, without CPU intervention,
across the entire address range.

— E.g. The DMA controller can move data from the
ADC12 conversion memory to RAM.

* Devices that contain a DMA controller may have one, two,
or three DMA channels available.

« Using the DMA controller can increase the throughput of
peripheral modules.

* It can also reduce system power consumption by allowing
the CPU to remain in a low-power mode without having to
awaken to move data to or from a peripheral.
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DMA (2/5)

« DMA Features

Up to three independent transfer channels
Configurable DMA channel priorities

Requires only two MCLK clock cycles per transfer
Byte or word and mixed byte/word transfer capability
Block sizes up to 65535 bytes or words
Configurable transfer trigger selections

Selectable edge or level-triggered transfer

Four addressing modes

Single, block, or burst-block transfer modes
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DMA (3/5)

e |nitial
State/Reset

- DMA
Configuration

» Upto 3 channels

 |dle

e Wait for
Trigger

 Hold CPU, &
Transfer

DMAOTSELx

| 4

DMARECQ —] 0000

TACCR2 CCIFG — 0001

TBCCR2_CCIFE — 0010
Sernal data received — 0011

Serial tansmit ready — 0100
DACAZ2 _0IFG —] 04104

ADC12IFGx — 0110
TACCRO CCIFG — 0111
TBCCRO_CCIFG — 104

USART1 data received — 10

USARTA transmit ready —
Multiplier ready —

Sernal data received -
Serial transmit ready —

DMAZIFG — 1110
DMAED — 1111

DMAATSELx

Q
DMAREQ —] 0000
TACCR2 CCIFG — 0001
TBCCR2_CCIFG — 0010
Sernal data received — 0011
Serial transmit ready — 0100
DACAZ2 0IFG —] 0104
ADCAZIFGx — 010D
TACCRD_CCIFG— 0111
TBCCRO_CCIFG—] 1000
USART1 data received — 1001
USARTA transmit ready — 1010
Multiplier ready — 1011
Sernal data received 1100
Serial tansmit ready — 1101
DMADIFG —] 1110
DMAED — 1111

DMAZTSELx
4
DMAREQ — 0000
TACCR2 CCIFG — 0001
TBCCR2_CCIFG — 0010
Senal data received — 0011
Serial tansmit ready — 0100
DACAZ2 _0IFG —] 04104
ADCA2IFGx —] 0110
TACCRO_CCIFG — 0111
TBCCRO_CCIFG —] 1000
USART1 data received — 1004
USARTA transmit ready — 1010
Multiplier ready — 1011
Senal data received — 1100

Serial transmit ready —
DMAAIFG —]
DMAED —

101
101

1101

1104
1110
1111

Halt

(000 puy ALIOUA NG

JTAG Active
EMNMI
| m ROUNDROBIN
DMADSTINCRx DMADTx
. DMADSTEYTE .
DA Channel O
I DMADSA
> I DMADDA —
I DMAOSZ
2 1 L DMASRSBYTE il
DMASACINCRx DMAEM
DMADSTINCRx DMADTx
s | |—- DMADSTBYTE :3
DMA Channel 1
I DMA1SA
> I DMA1DA
I DMA1SZ
21 I—I DMASRSEYTE L
DMASRCINCRx DMAEM
DMADSTINCRx DMADTx
2 DMADSTEYTE ! 9
DMA Channel 2
I DMA2SA
> I DMAZDA ||
I DMAZSZ
2 t lm DMasRSEYTE &
DMASRACINCRx DMAEM
| = DMAONFETCH
L Halt CPU
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DMA (4/5) - Addressing Modes

x | £
DbLA DA
Controller Address Space Controllar Address Space
I—" ——
—]
Fixed Address To Fixed Address Fixed Address To Block Of Addresses
x -
DMA DA
Controller Address Space Controller Addrass Space
—™ ——
- e
.
—————

Block Of Addresses To Fixed Address Block Of Addresses To Block Of Addressas I
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DMA (5/5) — Transfer Modes

Single Transfer

Block Transfer

Burst Block
Transfer

Repeated Single
Transfer

Repeated Block
Transfer

Repeated Burst
Block Transfer

Each transfer requires a trigger. DMAEN is
automatically cleared when DMAXxSZ transfers have
been made.

A complete block is transferred with one trigger.
DMAEN is automatically cleared at the end of the
block transfer.

CPU activity is interleaved with a block transfer.
DMAEN is automatically cleared at the end of the
burst-block transfer.

Each transfer requires a trigger. DMAEN remains
enabled

A complete block is transferred with one trigger.
DMAEN remains enabled

CPU activity is interleaved with a block transfer.
DMAEN remains enabled.

C ® ® O © e
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LCD A (1/10)

« The LCD_A controller directly drives LCD displays by creating the ac
segment and common voltage signals automatically.

Features resulting contrast ratios between the on and off states.
* Display memory
« Automatic signal generation

Table 26-1.LCD Voltage and Biasing Charactenstics

« Configurable frame frequency Mo ;ﬁ; LCDUX LCD2B  COM  Volage Vpysord Vasoy Contrast
. Bllnklng Capablllty g Lines  Levels Vo Vi vHaliﬂN{
RMS0
« Regulated charge pump Veus ofF
- Contrast control by software & s © X 1 VB0 1 0
_ Static 1A 00 0 2 VIV2VAVE 033 075 2%
. . o 1200t 3 VIVAVE 0408 007 7R
~ 2-mux, 1/2 bias or 1/3 bias 3 w0 0 3 oww w V5 033 068 1915
. . MU AT . . .
— 3-mux, 1/2 bias or 1/3 bias
_ _ @ux 1 4 ViVBVE 04 08t 1@
— 4-mux, 1/2 bias or 1/3 bias
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LCD A (2/10)-> LCD Freq. Selection?

 The LCD_A controller uses the fLCD signal from the integrated ACLK
prescaler to generate the timing for common and segment lines. ACLK
is assumed to be 32768 Hz for generating fLCD.

« The proper fLCD frequency depends on the LCD’s requirement for
framing frequency and the LCD multiplex rate and is calculated by:

— fLCD =2 x mux x fFrame

« For example, to calculate fLCD for a 3-mux LCD, with a frame
frequency of 30 Hz to 100 Hz:

fFrame (from LCD data sheet) = 30 Hz to 100 Hz
fLCD(min) = 180 Hz, fLCD(max) = 600 Hz

select fLCD = 32768/128 = 256 Hz or 2768/96 = 341 Hz or 32768/64 =
512 Hz.

« The lowest frequency has the lowest current consumption. The highest
frequency has the least flicker.
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LCD_ A (3/10) — Static Mode

In static mode, each MSP430 segment pin drives one LCD segment
and one common line, COMO0. SP - Segment Pin

| T2 IR
] )
| como — L V5
Y ::::::!ﬂi’r&ﬁ::::::::::::::::‘
SP1 { i ] B :
— e -
r ] Aﬁ'nﬁ I\_E_P: ___________________________ 1":5 -/
SP6 SP2 CG-:“D C ""““““““"“““Tﬁ‘\l
] SP7 || ! :
— L spz — EERY - ll
sps || | sps Vi
Resulting Voltage for
[ | ] Segment a (COMO-SP1) oV
— O Segment Is On.
SP4  SP8 — — Vi
Resulting Voltage for
Segment b (COMO-SP2) owv
Segment Is Off.
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LCD_A (4/10) — 2 Mux Mode

In 2-mux mode, each MSP430 segment pin drives two LCD segments
and two common lines, COMO and COM1, are used.

l u"l | SP1

] ] -
,:.-t_:z-h_dl_-_-_-_-_-_L-_-_-_-_-_l-:-_-_:-_-_g-__‘-_-_:-_%-_;ﬁ%-_:\I /: F <pe [] _!_ o
= [UUUUUUUT - 2o | sp7 ]
SF‘Er _l Vi E r:r
N U S N R O B SP5 spa

Vi | |

Resulting Violtage for ’_I—‘ ’_I—‘ ’_I—‘ ‘ L‘ V3 —— O

Segment h (COMO-SP2) ov

Segment Is On. ﬂ LI_‘ LI_‘ LI_‘ " va SP4 SP8
-1

V1
Resulting Voltage for V3
Segment b (COM1-SP2) [ | [ [ (1 oy
Segment Is Off. L] L] L] L] V3 ;
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LCD A (5/10) 3 Mux and 4 Mux Modes

Waveforms not explained here.

* In 3-mux mode, each MSP430 segment pin drives three LCD
segments and three common lines (COMO0O, COM1, and COM2) are

used. GEME

Il'._.-'I
I
#

7/ COMA
IH
: &

COMO

* In 4-mux mode, each MSP430 segment pin drives four LCD segments
and all four common lines (COMO0O, COM1, COM2, and COMBS) are

used Com3

j" rﬁicxmm

’ COM
N

r—t

COMO
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LCD A (6/10) - Static

—— 0 ——— 0
SP4  SP8 SP4  SP8
DIGIT 4 DIGIT 1

With 30 segment lines, Max 4 digits can be supported
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LCD_A (7/10) — 2 Mux

SPS I lSP3 SP5 I 'SP3
[ ) —— O
SP4 SP8 SP4 SP8
DIGIT 8 DIGIT 1

With 30 segment lines, Max 8 digits can be supported
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LCD A (8/10) — 3 Mux

SP6 SpP2 SP6 I SP2
SP7 SP7

— Gorrernereneninee e n e nnnn —

SPS I 'SPB SP5 I 'sps
— 0 —— @
SP4 SP8 SP4  SP8
DIGIT 10 DIGIT 1

With 30 segment lines, Max 10 digits can be supported
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LCD_A (9/10) — 4 Mux

— Gorrernereneninee e n e nnnn —

SPS I 'SPB SP5 I 'sps
— 0 —— @
SP4 SP8 SP4  SP8
DIGIT 15 DIGIT 1

With 30 segment lines, Max 15 digits can be supported
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LCD_A (10/10) — Displaying

Display Memory

a+b+c+d+e+f =
com|3| 210 3| 2]1]0] OxEB
MAB O9Fh|a | b | c [ h flg|e|d n =230 Digit 16
oEh| a|b|lc|nh| f|ag|e]|d 28 Digit 15 a
ooph| 2| Pl e|h| fTlaje|d 26 Digit 14
poch| 2| b | c|h | fT|lg|e|d 24 Digit 13 f b
09Bh |2 E c : : g | e 3 iﬁ Digit 12
: c g | = Digit 11
E;%’;E alblc|h| flgle]d 18 Digit 10
al| b C h f g a d 16 Digit9
3322 albjlc|h| t|lg]e|d 14 Digit 8
al| b C h flo Z d 12 Digit 7 _ Oh
0BT e [c[h | f|o]|e]d 10 Digit 6
0Sh ST [c|n| fla|e]|d B Digit5
094h S Toe [c [ h | fla|e|d & Digit4
093h|[a | b | c|h | T |o|&|d 4 Digita Each bit in the memory
092h) al b | e | 1 fTla e | d] 2 Digit 2 represents one segment
091hi i .
ialblelhl flolelo) O Dot or not used (mode
===-F==t==1=="F=-f==1==1
S 3 2 1 0|3 2 1 0 —'ﬂ + | Paraiter based)
G2 G4 _ | Serial
5 2 3 : Conversion
[ 1
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RTC (1/2)

« The Real-Time Clock (RTC) module can be used as a general-
purpose 32-bit timer or as a RTC with calendar function.

« RTC features include:
— (Calendar and clock mode 12:01:41 PM
— 32-bit counter mode with selectable clock sources

— Automatic counting of seconds, minutes, hours, day of week, day
of month, month and year in calender mode.

— Interrupt capability
— Selectable BCD format
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/i \Y
1 1
RTC (2/2)  ewsill)
! Basic Timer BTCNT2.06 0t |1
: SMCLK ¥ I
! :
| I
\\ ___________
/ \ RTCMODEx
* Clock source ATcaco ATCHOLD
. ’- ---------------------- I--\
selection { [eco ode | [}
I I
Ho.. 24 2 . % 15 . B T . 0
) | 1
COunterS : ATONT4/ |[ RTCNTY | HTCNTEF{] RTCNT1/ | :
rrcoow <J| AtcHouR<}| RTcmin <M mATCSEC <
- Calendar : [ FTCTE
. . \ l1| ~=—
. \-- ________ a1 _JL N N N N N N B B B B B B N | _, '
BaSIC Tlmer B-bit overflow / minute changad :
I N te raCt 0N 16-bit overflow / hour changed : St ATCFG
24-bit overfiow | ATCHOUR = Midnight | §
\°Interrupt flagS/ %_bit overfow | RTCHOUR =Noon | |
'\____ [ Set BTIFG
T EEEEEEEmmm————————— ™~ | Sat BTIFG from
; V"1
— Basc Ti
: BCD = : asic Timar
1 Calendar 1
I [
: ATCYEARH<H RTCYEARL<H ATCMON <H{ RTCDAY < :Midnight
[ [
\\_ __________________________ _Il
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Wrap-Up

« MSP430 peripherals —
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— LCD

{J TEXAS
INSTRUMENTS




Q&A



Back-Up
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