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* Outline

MSP430: System Architecture
= DMA Controller
= LCD Controller
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DMA Controller Introduction

Direct memory access (DMA) controller
transfers data from one address to another
without CPU intervention, across the entire address range.

= Move data from the ADC12 conversion memory to RAM

= Move data from RAM to DAC12
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

= Can 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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MSP430 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

Configured from software
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DMACTSELx
4

DMA Block Diagram

44— JTAG Active

DMAREQ — 0000
TACCR2_CCIFG — 0001
TBCCR2_CCIFG — 0010

Serial data received — 0011
Serial transmit ready — 0100
DAC12_0IFG — 0101
ADCA2IFGx — 0110
TACCRO_CCIFG —{ 0111
TBCCRO_CCIFG — 1000
USART1 data received — 1001
USART1 transmit ready — 1010 |y
Multiplier ready — 1011

Serial data received 1100
Serial transmit ready — 1101
DMAZIFG — 1110

DMAED — 1111
DMAITSELx
4

DMAREQ — 0000
TACCR2_CCIFG — 0001
TBCCR2Z2_CCIFG — 0010

Serial data received — 0011
Serial transmit ready — 0100
DAC12_0IFG — 0101
ADC12IFGx — 0110
TACCRO_CCIFG—] 0111 [
TBCCRO_CCIFG—] 1000
USARTA data received — 1001
USART1 transmit reacy — 1010
Multiplier ready —| 1011

Serial data received — 1100
Serial transmit ready — 1101
DMAOIFG — 1110

DMAED — 1111
DMAZTSELx
4

DMAREQ —{ 0000

TACCR2 _CCIFG — 0001
TBCCR2_CCIFG — 0010
Serial data received — 0011 | )
Serial transmit ready — 0100
DAC12_0IFG — 0101
ADCA2IFGx — 0110
TACCRO_CCIFG — 0111
TBCCRO_CCIFG —] 1000
USARTA data received — 1001
USART1 transmit reacdy — 1010
Multiplier ready — 1011

Serial data received — 110p
Serial transmit ready — 1104
DMATIFG — 1110

DMAED — 1111

Halt

108u00 puy AloNd YING

ENNM
—8 ROUNDROBIN

DMADSTINCRx DMADTx
5 |—IDMADSTEYTE Ta

DMA Channel 0

DMAOSA

DMAODA B

DMAOSZ

ELL: DMASRSEYTE 4

DMASRCINCRx  DMAEN

DMADSTINCRx DMADTx
2 |—I DMADSTBYTE 13

DMA Channel 1

DMA1SA

DMATDA

DMA1SZ

EE DMASRSBYTE ry

DMASRCINCRx  DMAEN

DMADSTINCRx DMADTx
P |—I DMADSTBYTE 13

DMA Channel 2

DMAZSA

DMAZDA |

DMAZSZ

2 |—I DMASRSBYTE l
DMASRCINCRx  DMAEN

—= DMAONFETCH

L’ Halt CPU
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DMA Addressing Modes

:
DMA DA
Controller Address Space Controller Address Space
L —
Fixed Address To Fixed Address Fixed Addrass To Block Of Addresses
x | I —
DMA DA
Controller Address Space Contraller Address Space
Block Of Addresses To Fixed Address Block Of Addresses To Block Of Addresses

= Configured with the DMASRCINCRx and DMADSTINCRXx control bits

= DMASRCINCRx/ DMADSTINCRXx bits select if the source/destination address is
incremented, decremented, or unchanged after each transfer

= Transfers may be byte-to-byte, word-to-word, byte-to-word, or word-to-byte
= Word-to-byte: only the lower byte of the source-word is transferred
= Byte-to-word: the upper byte of the destination-word is cleared when the transfer
occurs
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DMA Transfer Modes

DMADTx Transfer Description

= Single/Repeated single modes: Mode

each byte/WO rd tra n Sfe r req u | res 000  Single transfer Each transfer requires a trigger. DMAEN is

automatically cleared when DMAxSZ transfers have

a separate trigger pecn made.
001 Block transfer A complgte block is_transferred with one trigger.
0 Block/Repeated bIOCk mOdeS t[;l;ﬂ(ili:larl]ss?elfomatlcallycleared at the end of the
a tranSfer Of a Complete bIOCk Of 010, 011 Burstf—blr.)ck Sﬁdliéﬁti_vity is inter_lea"vedlwitr;; bloﬁktracr;sfferr.]
. transter Is automatically cleared at the end of the
data occurs after one trigger burst-block transfer
. . 100 Repeated Each transfer requires a trigger. DMAEN remains
= CPU is halted until the complete el
bIOCk haS been tranSferred 101 Repeated A complete block is transferred with one trigger.

block transfer DMAEN remains enabled.

= Burst-block/Repeated burst-block 10,111 Repeated

CPU activity is interleaved with a block transfer.

burst-block >
mOdeS tranSferS are bIOCk transfer DMAEN remains enabled.
transfers with CPU activity
interleaved.

s CPU executes 2 MCLK cycles
after every four byte/word
transfers of the block resulting in
20% CPU execution capacity
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DMA Trigger Operation

DMAXTSELX bits
select trigger

Edge-sensitive or
level-sensitive

Table 10-2. DMA Trigger Operation

DMAXTSELx Operation

0000

0001

0010

0011

0100

0101

0110

A transfer is triggered when the DMAREQ bit is set. The DMAREQ bit is automatically reset
when the transfer starts

A transfer is triggered when the TACCR2 CCIFG flag is set. The TACCR2 CCIFG flag is
automatically reset when the transfer starts. If the TACCR2 CCIE bit is set, the TACCR2
CCIFG flag will not trigger a transfer.

A transfer is triggered when the TBCCR2 CCIFG flag is set. The TBCCR2 CCIFG flag is
automatically reset when the transfer starts. If the TBCCR2 CCIE bit is set, the TBCCR2
CCIFG flag will not trigger a transfer.

Devices with USARTO: A transfer is triggered when the URXIFGO flag is set. URXIFGO is
automatically reset when the transfer starts. If URXIEOQ is set, the URXIFGO flag will not trigger
a transfer.

Devices with USCI_AO0: A transfer is triggered when the UCAORXIFG flag is set. UCAORXIFG
is automatically reset when the transfer starts. If UCAORXIE is set, the UCAORXIFG flag will
not trigger a transfer.

Devices with USARTO: A transfer is triggered when the UTXIFGO flag is set. UTXIFGO is
automatically reset when the transfer starts. If UTXIEO is set, the UTXIFGO flag will not trigger
a transfer.

Devices with USCI_AO0: A transfer is triggered when the UCAOTXIFG flag is set. UCAOTXIFG
is automatically reset when the transfer starts. If UCAOTXIE is set, the UCAOTXIFG flag will
not trigger a transfer.

A transfer is triggered when the DAC12_0CTL DAC12IFG flag is set. The DAC12_0CTL
DAC12IFG flag is automatically cleared when the transfer starts. If the DAC12_0CTL
DAC12IE bit is set, the DAC12_0CTL DAC12IFG flag will not trigger a transfer.

A transfer is triggered by an ADC12IFGx flag. When single-channel conversions are
performed, the corresponding ADC12IFGx is the trigger. When sequences are used, the
ADC12IFGx for the last conversion in the sequence is the trigger. A transfer is triggered when
the conversion is completed and the ADC12IFGx is set. Setting the ADC12IFGx with software
will not trigger a transfer. All ADC12IFGx flags are automatically reset when the associated
ADC12MEMXx register is accessed by the DMA controller.
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DMA Trigger Operation (cont’d)

o1

1000

1001

1010

1011
1100

1101

1110

1111

A transfer is triggered when the TACCRO CCIFG flag is set. The TACCR0 CCIFG flag is
automatically reset when the transfer starts. If the TACCRO CCIE bit is set, the TACCRO
CCIFG flag will not trigger a transfer.

A transfer is triggered when the TBCCRO CCIFG flag is set. The TBCCRO CCIFG flag is
automatically reset when the transfer starts. If the TBCCRO CCIE bit is set, the TBCCRO
CCIFG flag will not trigger a transfer.

A transfer is triggered when the URXIFG1 flag is set. URXIFG1 is automatically reset when
the transfer starts. If URXIE1 is set, the URXIFG1 flag will not trigger a transfer.

A transfer is triggered when the UTXIFG1 flag is set. UTXIFG1 is automatically reset when the
transfer starts. If UTXIE1 is set, the UTXIFG1 flag will not trigger a transfer.

A transfer is triggered when the hardware multiplier is ready for a new operand.

A transfer is triggered when the UCBORXIFG flag is set. UCBORXIFG is automatically reset
when the transfer starts. If UCBORXIE is set, the UCBORXIFG flag will not trigger a transfer.

A transfer is triggered when the UCBOTXIFG flag is set. UCBOTXIFG is automatically reset
when the transfer starts. If UCBOTXIE is set, the UCBOTXIFG flag will not trigger a transfer.

A transfer is triggered when the DMAXIFG flag is set. DMAOIFG triggers channel 1, DMA1IFG
triggers channel 2, and DMA2IFG triggers channel 0. None of the DMAXIFG flags are
automatically reset when the transfer starts.

A transfer is triggered by the extemal trigger DMAEO.

CPE 323



DMA Channel Priorities

= Default DMA channel priorities are DMAO-DMA1-DMAZ2

= If two or three triggers happen simultaneously or are pending,
the channel with the highest priority completes its transfer
(single, block or burst-block transfer) first, then the second
priority channel, then the third priority channel.

= Transfers in progress are not halted if a higher priority
channel is triggered

= The higher priority channel waits until the transfer in progress
completes before starting

= DMA channel priorities are configurable with the
ROUNDROBIN bit (see below)

DMA Priority Transfer Occurs New DMA Priority
DMAO - DMA1 - DMAZ2 DMA1 DMA2 — DMAO — DMA1
DMA2 — DMAO — DMA1 DMA2 DMAO - DMA1 — DMA2
DMAO - DMA1 - DMAZ2 DMAO DMA1 - DMA2 — DMAO
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DMA Transfer Cycle Times

DMA requires 1 or 2 MCLK cc
to synchronize before each
single transfer or complete
block or burst-block transfer

Each byte/word transfer
requires 2 MCLK after
synchronization, and one cycle
of wait time after the transfer

DMA cycle time is dependent
on the MSP430 operating
mode and clock system setup
(use MCLK)

If the MCLK source is active, but the
CPU is off, the DMA controller will use
the MCLK source for each transfer,
without re-enabling the CPU.

If the MCLK source is off, the DMA
controller will temporarily restart
MCLK, sourced with DCOCLK, for the
single transfer or complete block or
burst-block transfer

The CPU remains off, and after the
transfer completes, MCLK is turned
off.

CPU Operating Mode

Clock Source Maximum DMA Cycle Time

Active mode

Active mode

Low-power mode LPM0/1 MCLK=DCOCLK
Low-power mode LPM3/4 MCLK=DCOCLK
Low-power mode LPM0O/A MCLK=LFXT1CLK
Low-power mode LPM3

Low-power mode LPM4

MCLK=DCOCLK 4 MCLK cycles

MCLK=LFXT1CLK 4 MCLK cycles
5 MCLK cycles
5 MCLK cycles + 6 ust
5 MCLK cycles
MCLK=LFXT1CLK 5 MCLK cycles

MCLK=LFXT1CLK 5 MCLK cycles + 6 ust

t The additional & ps are needad to start the DCOCLK. It is the t pry; parameter in the data sheet.

CPE 323
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DMA and Interrupts

= DMA transfers are not interruptible by system interrupts.
= System interrupts remain pending until the completion of the
transfer
= NMI interrupts can interrupt the DMA controller if the ENNMI bit
IS set

= System interrupt service routines are interrupted by
DMA transfers

= If an interrupt service routine or other routine must execute with
no interruptions, the DMA controller should be disabled prior to
executing the routine

= Each DMA channel has its own DMAIFG flag

= Each DMAIFG flag is set in any mode, when the corresponding
DMAXSZ register counts to zero. If the corresponding DMAIE
and GIE bits are set, an interrupt request is generated
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* DMA and Other Devices

= USCI| B I2C Module
= ADC12

= DAC12

= Writing to Flash
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LCD Controller

Liquid Crystal Display (LCD) controller
= Included in several devices of the MSP430 families ('3xx and '4xx)
= Allows a rapid and simple way to interface with the program
LCD controller commands the LCD panels generating voltage
signals to the segments. It supports static, and multiplex rates up to
4 (2 mux, 3 mux and 4 mux) LCD panels
Features
= Display memory
= Automatic signal generation
= Configurable frame frequency
= Blinking capability
= Support for 4 types of LCDs:
» Static
= 2-mux, 1/2 bias

= 3-mux, 1/3 bias

= 4-mux, 1/3 bias
CPE 323 14



LCD Controller Block Diagram

< SEGa9
0Adh > Mux L » Sag
>
B
< SEGas
| Mux I ———» Saa
Display ; . Segment M
Memory [ S ]
20x Control
. . L
8-bits E SEGY
; Mux » — ]
-
|-
> SEGO
091h ; Mux > —» So
L AL A A
w
LCDP2 |y coms
LCDPY B— Common p COM2
LCDPO m—— Output
LEDMX Control | COM1
UL L » COMo
LCDMX0 m—
LCDSON = f f
VAVB VCVD T e ————
LCDON Vi > |
* =R
R23 =
flcb —f>  Timing Generator \‘?‘r}?l"g L = (L B
(from Basic Timer) 21ege V3 <R <
Multiplexer R13 < <
V4 — —¢
OSCOFF m—]| Fo3 SR =R
(from SR} V3 P . *
f:f Rx SRx S Ax
< =
v <L
Static  2Mux  3Mux
4Mux o

External Resistors
Rx = Optional Contrast Gontrol
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LCD Memory Map

Each memory bit Associated
corresponds to one LCD Gommen Fine

Address

segment, or is not used, oAdh

depending on the mode. oAsh

0A2h

To turn on an LCD segment, oATh

OAOh

its corresponding memory el

bit is set 09Dh

09Ch

09Bh

09Ah

099h

098h

097h

096h

095h

094h

093h

092h

091h

CPE 323

- |38
- |36
- |34
- |32
- |30
- |28
- |26
- |24
- |22
- |20

Associated
N Segment Pins

39, 38
37, 36
35, 34
33, 32
31, 30
29,28
27, 26
25,24
23,22
21,20
19, 18
17, 16
15, 14
13, 12
11, 10
9,8
7,6
5,4
3,2
1,0
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LCD Controller Operation

= LCD controller supports blinking

= The LCDSON bit is ANDed with each segment’s memory bit.
= When LCDSON = 1, each segment is on or off according to its bit

value
= When LCDSON = 0, each LCD segment is off

= [iming generation
= Uses the f - signal from the Basic Timer1 to generate the
timing for common and segment lines

= Proper frequency f -5 depends on the LCD’s requirement for
framing frequency and LCD multiplex rate.

= See the Basic Timerl chapter for more information on configuring
the f, o frequency
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LCD Controller Operation

LCD voltage generation

= Voltages required for the LCD signals are supplied externally to
pins R33, R23, R13, and R0O3

= Using an equally weighted resistor divider ladder between these
pins establishes the analog voltages as shown in Table 24-1

= The resistor value R is typically 680 k

= Values of R from 100k to 1M can be used depending on LCD
requirements.

= R33 is a switched-VCC output. This allows the power to the
resistor ladder to be turned off eliminating current consumption
when the LCD is not used.

Table 24—1. External LCD Module Analog Voltage

OSCOFF LCDMXx LCDON VA VB Ve VD R33
X XX 0 0 0 0 0 Off
1 XX X 0 0 4] 0 Off
0 00 1 Va1 VIS VBN VIAVS On
0 01 1 V5V VIS VANE VIS On
0 1% 1 VSV Va4 Va2 W1IVS On

LFE 525 18



Static Mode

= Each MSP430 segment pin
drives one LCD segment

=  One common line, COMO, is

used.
V1
COMo — — V5
> firame
— — V1
' SP1 V5
f
COMo V1
— — V5
SP1 sP2
SPG / a V1
[ N—
' , b;"'.li SP2 Resulting Voltage for
L/ Segment a (COMO-SP1) ov
. SP7
I
) sp3 Segment Is On.
/1 — L W1
SP5 | gpg Resulting Voltage for
SP4 Segment b (COMO-SP2) oV

] t Is Off.
SP = Segment Pin Ll
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Static LCD a a :
Example T B ST P Y Py PR Y

L ). {
N e

d d d d
Pinout and Connections Display Memory
Connections comi 3l 21101 321110l
|'430 Pins | | LCD Pinout
PIN COMOD MAB 0AOh = = = h = i o g n=30 —
T 0oFh [ESEfEmEEEe [ [EmEEmEE o 28
St o« 2| b O9Eh [~ | = | = [ d | = |~ |~ | ¢ 26 Digit 4
52 +«—p 3 1c T o B o
S3 > 4| 1d 09Dh 2 2 M
S4 < 5| 1e oCh|ala & h | al= s 22
S5 a4 6 | Aif 0oBh |Hasl(lall el [Nl ialial ° 20 .
S8 “«—» 7 19 asah | - | — - d - | - - C 18 Digit 3
57 +—p» & 1h
S8 4 9 2a ossh el )i e | b 1 @ 12| = 16
s9 «» 10| 2b 0osh [l Nall| h e s O 14
510 +» 11| =zc goth [~ - - f | ~-[=-[-~1]e 12 Diait 2
igi
gﬂ «» 12| 20 oeh i d T | < 10 9
12 &« 12| 2e
513 - 14 2{ 095h m — - b - - — a 8 -
514 <« 15| 2g 094h [felllisa e h [N iE e O 8
515 < 16 | 2h i e | [ aealaees| o 4 o
516« 17 | 3a 093h o e W A , D1
S17 « 18| 3b 092h
318 <« 19| a3 o9th | -] - | —-|b|-|—-]-]a o _
519 «—» 20| ad | | | | | [ | [
520 «4—p 21 3e - L 3 2 1 0 3 2 1 0 | .
521 4 22 af A gl QG TA Parallel-Serial
S22 e 23| 3g BJ 3 3 18 Conversion
8523 4 24 3h [ 1
S24 <+ 25 | 4a l l
S25 4 26 4b
S26 27 | 4c Sn+1 Sn
Se7 «+» 28| ad
S0 4w 20 | de
S2g 4% 30 4af
530 4 31| 49
531 4 32 4h
COMo < 33 | COMO
COM1  NC
COM2 NC
COM3 NC

CPE 323 20



Static Mode Software Example

;  All eight segments of a digit are often located in four
display memory bytes with the static display metheod.

-

a EQU 001h
b EQU 01Ch
[s: EQU 00zh
d EQU 020h
e EQU 004h
£ EQU 040h
q EQU 008h
h EQU 0ach
; The register content of Ex should be displaved.
: The Table represents the 'on'-segments according teo the
;  content of Rx.
MOV.B Tabkle (REx),RY ; Load segment information
; into temporary memory.
; (Ry) = 0000 0000 hfdb geca
MOV.B Ry, &LCDn ; Note:
; &1l bits of an LCD memory
' byte are written
RRA Ry ; (Ry) = 0000 0000 Ohfd bgec
MOV.B Ry, &LCDn+1 ; Note:
; &1l bits of an LCD memory
; byte are written
RRA Ry ; (Ry) = 0000 0000 00hf dbge
MOV.B Ry, &LCDn+z2 . Note:
; 411 bits of an LCD memory
' byte are written
RRA Ry ; (Ry) = 0000 0000 000h fdbg
MOV.B Ry, &LCDn+3 ; Note:
; 411 bits of an LCD memory
' byte are written
Table LB a+b+c+d+e+f ; displays "0"
DB b+eo; ; displays "17
DE



2-MUX Mode

= Each MSP430
segment pin drives
two LCD segments

= [wo common lines,
COMO and COM1,
are used

= 2-mux example
waverforms

a=COM1-5P1
=COMI1-SP2
c=COM1-SP3
a=COMO-SP3
e=COMO-SP4
=COMO-SFP1
g=COM1I1-5P4
=COMO-SP2

COM1

- JUUuuuuyl

SP2| |

Resulting Voltage for

[ Segment s On.
SP3
SP = Segment Pin

Resulting Voltage for
Segment b (COM1-SP2)
Segment Is Off.

CPE 323
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, :,HP COMo "J_‘
| (-

P fframe

ittt

Segment h (COM0O-5P2)

L

or

[] [] [ 1 []
]

22

VA
V3
V5

V1
Va3
V5

V1

V5
Vi

V5

V1
V3
oV
-V3
-V

Vi
V3
oV
-V3
-5



2-MUX LCD o, a
Example Lol Ll

C
d LI d LY
DGITS —— — — —— — — DIGITY
Pinout and Connections Display Memory
Connections [
(3]l 2110 3] 2] 11 0]
|'430 Pins | | LGD Pinout coM
PIN COMO COMA1 MAB 0AOR | -- - g ] - | - S d n=30 1/2 Digit B

S0 —e 1 1if ia 09Fh | = | -- b | h - |- | a f 28
1 < 2| 1h 1b 00Eh| = | = | gle | =[~]c]d 26 gt 7
S2 <4 3 | 1d 10
S3 4 4 | fe 1g 00Dh BRI b | h |[ESiisn a ; 24
24 4+ b 2f 2a 09Ch | — | - 9 e i | c 22 Digit 6
S5 e 6 | 2h 2b oeBh| - | - | P | P | ~-|—-]a]f 20
S6 -« 7 2d 2c = = g e e - ' d 18 -
S7T 4 8 2e 29 09AR b h a f 18 Digit 5
s 4 9 | 3 a3a 086h ] —
S8 4 10| 3h 3b oggh| ~-| - |9 |e| ~-|—-]¢c|d 14 Digit 4
510 = 14 3d 3c 0a7h| == | == | b | h | =-| = | & f 12
S11 < 12 | 3e  3g e o [E=E=E ¢ | d 10 _
S12 < 13| 4 4a 098h g Digit 3
513 4 14 | 40 4b 095h elilielll D | h ESGHIEES 8 | T 8
514 4w 15 | 4d 4c og4h| - - | gle| -|-|¢c | d 6 Diait 2
S15 4 16 | 4de  4g oosh [ESES b | n =R a | T 4 U9
516 4 17 | 5f 5a —
S17 4 18 | 5h &b pezh| =l = 0|6 | =t ¢ |d 2 Digit 1
518 < 19 | 5d 5¢ ogih|-| - | b | h| -]~ |a]t 0
519 < 20 | 5e &g [ | [ =l [ ]
520 4 21 &f Ga -~ L] a 2 1 0 q 2 1 0 | Parallal-
521 <« 22 | 6h b AL g0 0,2 serial
522 4 23 el 8c B 3 37 |B | conversion
523 4+ 24 | Ge 6g I 1
524 4 25| T Ta l
S25 «+ 26| Th 7B
526 4® 27 | 7d 7c Sn+1 sn
527 4+ 23| 7e Ty
528 4 20 | &f Ba
520 4% 230 | 8h 8b
530 4% 31 | 8&d ac
531 4* 32 | ge By

COMO <+ 23 | COMD

COM1 =+ 34 COM1

com2 NG

COM2 NC
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2-MUX Software Example

L11 eight segments of a digit are often located in two
display memory bytes with the Zmux display rate

-

-

a EQT 002h
b EQU 020h
c EQU 008h
d EQU 004h
= EQT 040h
£ EQT 001h
q EQU 080h
h EQU 010h

; The register content of REx should be displayed.
; The Table represents the ’'on’-segments according to the
H content of Rx.

MOV.B Table(Ex),Ry ; Load segment information into
; temporary memory.

MOV.BE Ry, &LCDn ; (REy) = 0000 0000 gebh cdaf
; Note:
; All bits of an LCD memory byte
» are written

REA Ry ; (Ry) = 0000 0000 Ogek heoda
REA Ry ; IRy) = 0000 0000 0O0ge bhod
MOV.B Ry, &LCDn+1 ; Note:

; All bits of an LCD memory byte
» are written

Takle DB a+bt+o+d+a+f ; displays "o¢
DB a+b+c+d+e+f+g+ ; displays "a”

A I



3-MUX Mode Waverforms

Each MSP430 comMz
segment pin drives F"mf_ 7
three LCD segments p-
Three common lines, ;-*'E'f'!" 1 oo

COMO and COM1, and COMOD
COM2 are used

3-mux example 1-;;
waverforms [ R/ |
ek
spi | SP2
sP2

SP = Segment Pin

COMO "J—I_I_I_I_’J—I_I_I_I_I—l—l_\

— firame —M

com o1 [ o [ |
comz j—l_l—l_Lj—l_l—l_lj—'—l_m

Resulting Voltage for
segment e (coMo-sP1) -+ F+HF A

Segment Is Off.

[N [ N N D A N I

Resulting Voltage for ﬂ ﬂ ﬂ
Segment d (COMO-SPZ2) _|U |_|'_||_||_|U |_||_||_II_|U I_I

Segment s On.

CPE 323
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3-MUX LCD
Example

LCD
¥ a ¥ a
¥ o ¥
Lo L
A

Ll

)

q b
’o
i

DIGIT10
Pinout and Connections
Connections
|'430 F'ins| LCD Pinout
FIN COMO COM1 COM2
S0 4 1 1a 1f 1y
51 “» 2 1d 19 1a
52 > 3 1h 1c 1h
53 4 4 2e 2f 2y
54 4 5 2d 2g 2a
56 4 & 2h 2c 2b
56 44— T 3e 3f 3y
57T 4 8 ad 3g 3a
58 4 O 3h 3c 3b
59 a4 10 LE] 4f dy
S10 4 11 4d 4g 4a
511 w4 12 4h dc 4h
S12 4 13 ba 5f Sy
513 < 14 5d 5g ba
514 < 15 5h 5¢ 5b
515 < 18 Ea &f &y
S16 4 17 6d 69 Ba
517 4 18 6h 6o Bhb
518 4 19 e 7f Ty
519 «—» 20 7d 79 7a
S20 «—» 21 7h 7o b
521 4 22 Be Bf 2y
S22 4 23 Bd By Ba
S22 a4 24 8h 8c ah
S24 4 25 E) af 9y
S25 44— 28 9d 9g 9a
526 4 27 9h 9¢ ab
S27 4w 28 10e  10f 10y
528 < 29 10d  10g 10a
S29 < 30 | 10h  10c  10b
COMO <—» 31 | COMO
COM{ <—» 32 CoM1
COomMz < 33 comz
COM3  NC

CPE 323
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d
———————————————— DIGITA
Display Mamary

coml|3| 2]l 110 3]2]1]0]
MAB O9Fh| - | a | g | d | - |y | f e | n=30
09Eh| - | b [ c | h| -|a|g]|d 28
ogbh| | ¥ f e - | b c h 26
ggch| - |a | g |d| -]y |f e 24
0B T e ]

-y e | - C

09Ah — alogld| =y 7= 18
089h - blec|h|-]|a|g|d 16
098h == y| fle|-|b|c|h 14
0O g a] -~y |T]e 12
096N T b [c|h]| ~-|a|g]|d 10
09sh[— y| flel|-|b|c|h 8
0dhl —lalg|d| |y [t ]e &
093h| - | bl c|h|-]a|g|d 4
gozh| - | vy | T |le| -|b|c|h 2
09th|-|a|g|d]| -]y | T ]|e a

[ [ T T T T [ 7

L |

3 2 1 o033 2 1 0
A a0 QGJA
B[ 3 37 B

[ l 1
Sn+1 Sn

Digit 10
Digit 9
Digit &
Digit 7
Digit &
Digit 5
Digit 4
Digit 3
Digit 2
Digit 1

Parallel-
Serial
Conversion
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3-MUX Software
Example

RO D Q0D e

=

i
H

H

The 3mux rate can support nine segments for each
digit. The nine segments of a digit are located in
1 1/2 dieplay memory bytes.

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

0040h
0400h
0Z00h
0010h
0001h
0002h
0020h
0100h
0004h

The LEDigit of register Rx should be displayed.

The Table represents the 'on’-segments according to the
LeDigit of register of Rx.

The register Ry is used for temporary memory

CDDDIGELA

MoV

EVNDIGELA

MoV

ELA
ELA
ELA
ELA
BIC.E
BIE.B

SWEB
MOV.E

Takle DW

Rx

Takle (Ex) , Ry

Ry, &LCIn

Ry
#07h, &LCDN+1

Ry, &LCDg, 1

Rx

Takle (Ex) ,Ry

Ry
Ry
Ry
Ry

#070h, &LCDg4

Ry, &LCDy, 1

Ry
RY: &ELCDn4z

b+a

W a+e+f+g

i

LCD in 3mux has 9 segments per
digit; word table required for
displayed characters.

Load segment information to
temporary mem.

(Ry) = 0000 Obch Oagd Oyfe
write ‘a, g, 4, vy, £, e’ of
Digit n (LowByte)

(Ry) = 0Oagd Oyfe 0000 Obch
write ‘b, ¢, h' of Digit n
{HighByte)

LCD in 3mux has 9 segments per
digit; word table required for
displayed characters.

Load segment information to
temporary mem.

(Ey) = 0000 Obch Oagd Oyfe
(Ey) = 0000 bchd agdd yfel
(Ey) = 000k ch0a gd0y f=00
(Ey) = 00bc hOag 4Oy =000
(Ey¥) = 0Okch Oagd Oyfe 0000
write ‘v, £, &' of Digit n+l
(LowBytLe)

(Ey) = Oyfe 0000 Obch Oagd

write ‘b, ¢, h, a, g, 4’ of
Digit n+1 (HighByte)

displays "0
displays "1"

displays "F~”



4-MUX Mode Waverforms

Each MSP430 ——

segment pin drives four ’— L coM2 W
LCD segments .-"'Lfcom

Four common lines, = o= | oy [

COMO, COM1, COM2 CoMo

and COM3 are used COMEM_IW

4-mux example -

waverforms CO'“”I‘J_‘—'_H_F_‘—'_U_H_
'l." J ’
/ SF'E

SF'1
SP = Segment Pin

Resulting Voltagefor  — [ 1 1 1 [1 [ |_| I

Segmente (COM1-sp1) L LI LI LT LT LT
Segment Is Off.

Resulting Voltage for
Segment ¢ (COM1-SP2) ——— I

|
Segment Is On. L u I L U L

CPE 323
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4-MUX LCD
Example

d @y d @y
plGgITY ——- —— — — — DIGITA
Pinout and Connections Display Memory
Connections com | 3] 2 1] 0] 3] 2]1]0
"430 F'ins‘ | LCD Pinaut B
PIN COMOCOMIcomzcoms MABO9Fh|a | b | c | h | flg |e | d| n=30Digtis
S0 1 d 1e g if OOER| & | b c h flag e | d 28 Digit 15
S1 «»2 | 1h 1c b 1a oopnl @b [e|[n | flgle]d 26 Digit 14
S2 43 | 2d 2 2 alb|c|n|t e | d 24 Digi
S3 e 4 | 20 2 2 Za 08Ch 8 Digit 13
S4 w5 | 3d 3 39 oopn | 2l P e |h | flgje|d 22 Digit 12
S5 4w & Sh 3 3 3a 09AN al|lb c h fla e | d 20 Digit 11
gg - ; :ﬁ ie :g :f 000n L2 blc|n| f|lg|e]|d 18 Digit 10
-“—p ] = -
58 <40 | 5 BSe &g &f ooeh |2 blec|h | flg|e]d 16 Digit 9
S0 4— 10 sh &z &b Ba al b C h flag e d 14 Digit 8
S10 <> 11 | &4 6e &g O M= T 5 [c[h|flg |e]d 12 Digit 7
511 -+ 12 &h Gc Gb GBa 096h =
12 #«w12 | 74 7o Tg T 095 albloc|h | Flg|e|d 10 Digit 6
S13 #+—* 44 | 7h Tc Tb Ta alblc|h flg|e|d 8 Digits
g:; 4+ 15 ad 8:  Bg AOf 094h 2 T b z h g s . & Digitd
- 16 8h 8¢ 8b Ba =
516 17 | 9d o©e og of M3hlal b c|h flgle|d 4 Digit 3
S17  «—p 18 gh %9  Gb 9a ozZh|(al b C h flag e d 2 Digit2
518 «—» 10 10d  10e  10g  10F 091h .
S10 €20 | 10h 10c 10b 10a a|b|lc|h|f|lg]le]d 0 Digit 1
520 @21 | Hd 1l 1ig 1 [ I I I I I
S 4w 2 ih 11c 1ib 1a A L 3 2 1 0 3 2 1 0 | rA Parallel-
522 «—» 23 | 12d 12e {2g 12f gl 0q Serial
523 «— 24 | 12h 12c 126 1Za B[ "3 3 15 Conversion
524 425 | 13d 13 13g 13f m m
S25 «— 25 | 13h 13c 1% 13a l l
526 <+ 27 | {4d f4e 14g 141
527 #4—* 20 | {4h 14c  14b 14a sSn+1 Sn
528 «— 20 | 15d 15e 15g 15f
520 #+—* 30 | i5h 16c 15k 15a
COMD *+—* 21 | COoMD
COMi <+ 32 CONMY
COM2 <+ 33 com2
COM3 <+ 34 COM3



4-MUX Software Example

;  The 4mux rate supports eight segments for each digit.
;  All eight segments of a digit can often be located in

EQU
EQU
EQU
EQT
EQT
EQU
EQU
EQU

o T o T O =P T o L R

; The LEDigit of register
H The Tabkle represents the

one display memory byte

080h
040h
020h
001h
00Zh
0n&h
004h
010h

: content of REx.

MOV.EB Table(Ex), &LCIn

DB

b+

b+o+d+e+qg
a+d+e+f+g
a+e+f+g

Rx should be displayed.
'on'-segments according to the

;n=1 ...

15

; all eight segments are
; written to the diasplay

; MEemory

; displays
; displays

; displays
; displays
; displays

CPE 323
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LCD Control Registers

Register Short Form Register Type Address Initial State
LCD control register LCDCTL Read/write 090h Reset with PUC
LCD memory 1 LCDM1 Read/write 091h Unchanged
LCD memory 2 LCDMZ Read/write 092h Unchanged
LCD memory 3 LCDM3 Read/write 093h Unchanged
LCD memory 4 LCDM4A Read/write 094h Unchanged
LCD memaory 5 LCDM5S Read/write 095h Unchanged
LCD memory 6 LCDME Read/write 096h Unchanged
LCD memory 7 LCDMT Read/write 097h Unchanged
LCD memaory 8 LCDM3 Read/write 098h Unchanged
LCD memory 9 LCDMS Read/write 09%h Unchanged
LCD memaory 10 LCDM10 Read/write 09Ah Unchanged
LCD memory 11 LCDM1 Read/write 09Bh Unchanged
LCD memory 12 LCDM12 Read/write 09Ch Unchanged
LCD memory 13 LCDM13 Read/write 09Dh Unchanged
LCD memory 14 LCDM14 Read/write 09Eh Unchanged
LCD memory 15 LCDM15 Read/write 09Fh Unchanged
LCD memory 16 LCDM16 Read/write 0AOh Unchanged
LCD memory 17 LCDM1T Read/write 0A1h Unchanged
LCD memory 18 LCDM18 Read/write 0AZh Unchanged
LCD memory 19 LCDM19 Read/write 0A3h Unchanged
LCD memaory 20 LCDM20 Read/write 0Adh Unchanged

CPE 323



LCD Control Register

LCDPx

LCDMXx LCDSON Unused LCDON

LCDPx

LCDMXx

LCDSON

Unused
LCDON

rw-0

Bits
75

Bits
4-3

Bit 2

Bit 1
Bit 0

LCD Port Select. These bits select the pin function to be port 'O or LCD
function for groups of segments pins. These hits ONLY affect pins with
multiplexed functions. Dedicated LCD pins are always LCD function.
000 No multiplexed pins are LCD function

001 S0-S15 are LCD function

010 S0-S19 are LCD function

011 S0-S23 are LCD function

100 S0-527 are LCD function

101 S0-531 are LCD function

110 S0-335 are LCD function

111 S0-539 are LCD function

LCD mux rate. These bits select the LCD mode.
00 Static
01 Z2-mux
10 3-mux
11 4-mux

LCD segments on. This bit supports flashing LCD applications by turning

off all segment lines, while leaving the LCD timing generator and R33

enabled.

0 All LCD segments are off

1 All LCD segments are enabled and on or off according to their
corresponding memaory location.

Unused

LCD On. This bit turns on the LCD timing generator and R33.
0 LCD timing generator and Ron are off
1 LCD timing generator and Ron are on

CPE 323 32



DRFG4618 LCD Interface

P7.6/S27 [ }—X

P77/526 94—

P8.0/S25

Pg.1/524

P8.2/523

P8.3/522

P8.4/32]

P8.5/520

P8.6/S19

P8.7/518

LCD1

P9.0/S17 g]g % DP7 7E_7G_TF S
P91/316 S15 217D 7 78 7A MEM_MINUS ERR DOL 22328
P9.2/515 1> > | DPB_6F 60_6F 8BC_RX_TX_ENV 5> =23
P9.2/514 213 4 16D 6C 88 oA AD_AT_A2ANT 2232
P9.4/313 213 5 | COL1_BE_5G 5F BB_B0_B1_BT 23 52
P9.5/512 12 8 1 op 5C 58 5 AL_AD_ARTAU 32221
P9 /511 17— DPd_4E 4G 4F P2 P1_POPL 527
P9 7/510 10 2 1 4p 7c 78 A FLFIFIFl 20218
P10.0/S9 2 | cOL2 3E_3G_3F P3 P4_PR_F5

P10.1/38 | 50 013D 38 38 3 comMi —o—=oml
P10.2/S7 111 bP3 2E 2G 2F COM2

P10.3/56 212120 3¢ 28 oA com3 (2222
P10.4/35 22 13 DPT_IE_IG_IF COM4

P10.5/54 1D_1C_T8_TA

SBLCDAS

PE.4/COM3
PE.3/COM2
PE_2ICOM1

COMO |

CPE 323
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Softbaugh LCD SBLCDAA4:
Segment Description

SBLCDAA4 Display

(T e i (S .
0N LR P UL Ty N 4l
3888838 § =T

AL "‘ $ & 0 ) F) (e () O

: D 5 0[50, 50 =0 e, .

FIF2F3FAES = H

T

FL PO

E1

BO

P

BB
P2 P3 PL PR

]

\L/}\“/

BA,M

—

BT AN p AU
\QK 7 ¢ J@]ﬁ

EMV

=

CPE 323
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