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About This Manual

Preface

Read This First

The MSP430x3xx User's Guide is intended to assist the development of
MSP430x3xx family products by assembling together and presenting
hardware and software information in a manner that is easy for engineers and
programmers to use.

This manual discusses modules and peripherals of the MSP430x3xx family of
devices. Each discussion presents the module or peripheral in a general
sense. Not all features and functions of all modules or peripherals are present
on all devices. In addition, modules or peripherals may differ in their exact
implementation between device families, or may not be fully implemented on
an individual device or device family. Therefore, a user must always consult
the data sheet of any device of interest to determine what peripherals and
modules are implemented, and exactly how they are implemented on that
particular device.

How to Use This Manual

This document contains the following chapters and appendixes:
Chapter 1. Introduction

Chapter 2. Architectural Overview

Chapter 3. System Resets, Interrupts, and Operating Modes
Chapter 4. Memory

Chapter 5. 16-Bit CPU

Chapter 6. Hardware Multiplier

Chapter 7. FLL Clock Module

Chapter 8. Digital /0O Configuration

Chapter 9. Universal Timer/Port Module



Related Documentation From Texas Instruments

Chapter 10. Timers

Chapter 11. Timer_A

Chapter 12. USART Peripheral Interface, UART Mode
Chapter 13. USART Peripheral Interface, SPI Mode
Chapter 14. Liquid Crystal Display Drive

Chapter 15. ADC12+2 A-to-D Converter

Appendix A. Peripheral File Map

Appendix B. Instruction Set Description

Appendix C. EPROM Programming

Notational Conventions

This document uses the following conventions.

(1 Program listings, program examples, and interactive displays are shown
in a special typeface similar to a typewriter’s.

Here is a sample program listing:

0011 0005 0001 field 1,2

0012 0005 0003 field 3,4
0013 0005 0006 field 6,3
0014 0006 .even

Related Documentation From Texas Instruments

FCC Warning

For related documentation see the web site http://www.ti.com/sc/msp430.

This equipmentis intended for use in a laboratory test environment only. It gen-
erates, uses, and can radiate radio frequency energy and has not been tested
for compliance with the limits of computing devices pursuant to subpart J of
part 15 of FCC rules, which are designed to provide reasonable protection
against radio frequency interference. Operation of this equipment in other en-
vironments may cause interference with radio communications, in which case
the user at his own expense will be required to take whatever measures may
be required to correct this interference.
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Chapter 1

Introduction

This chapter outlines the features and capabilities of the Texas Instruments
(T1) MSP430x3xx family of microcontrollers.

The MSP430 employs a von-Neumann architecture, therefore, all memory
and peripherals are in one address space.

The MSP430 devices constitute a family of ultralow-power, 16-bit RISC
microcontrollers with an advanced architecture and rich peripheral set. The
architecture uses advanced timing and design features, as well as a highly
orthogonal structure to deliver a processor that is both powerful and flexible.
The MSP430 consumes less than 400 pA in active mode operating at 1 MHz
in a typical 3-V system and can wake up from a <2-yA standby mode to fully
synchronized operation in less than 6 ps. These exceptionally low current
requirements, combined with the fast wake-up time, enable a user to build a
system with minimum current consumption and maximum battery life.

Additionally, the MSP430 family has an abundant mix of peripherals and
memory sizes enabling true system-on-a-chip designs. The peripherals
include a 14-bit A/D, slope A/D, multiple timers (some with capture/compare
registers and PWM output capability), LCD driver, on-chip clock generation,
H/W multiplier, USART, Watchdog Timer, GPIO, and others.

See http://lwww.ti.com for the latest device information and literature for the
MSP430 family.

Topic Page
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1.2 BAX DEVICES ..ottt 1-3
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Features and Capabilities

1.1 Features and Capabilities

1-2

The TI MSP430x3xx family of controllers has the following features and
capabilities:

[ Ultralow-power architecture:
0.1- 400 pA nominal operating current @1 MHz
2.5 - 5.5V operation available
6 us wake-up from standby mode
Extensive interrupt capability relieves need for polling

[ Flexible and powerful processing capabilities:
Seven source-address modes
Four destination-address modes
Only 27 core instructions
Prioritized, nested interrupts
No interrupt or subroutine level limits
Large register file
Ram execution capability
Efficient table processing
Fast hex-to-decimal conversion

(1 Extensive, memory-mapped peripheral set including:
Integrated 14-bit A/D converter
Multiple timers and PWM capability
Slope A/D conversion (all devices)
Integrated USART
Integrated LCD driver
Watchdog Timer
Multiple I/O with extensive interrupt capability
Integrated programmable oscillator
32-kHz crystal oscillator (all devices)

(1 Powerful, easy-to-use development tools including:
Simulator (including peripheral and interrupt simulation)
C compiler
Assembler
Linker
Emulators (ICE and JTAG)
Evaluation kits
Device programmer
Application notes
Example code

(1 Versatile ultralow-power device options including:
Masked ROM
OTP (in-system programmable)
EPROM (UV-erasable, in-system programmable)
—40°C to 85°C operating temperature range
Up to 64K addressing space
Memory mixes to support all types of applications



1.2 31x Devices

1.3 32x Devices

31x Devices

The 31x devices contain the following peripherals:

Uodd odd

Available 31x devices are:

MSP430C311S
MSP430C312
MSP430C314
MSP430C315
MSP430P315
MSP430P315S
PMS430E315

FLL clock system (on-chip DCO + crystal oscillator)

Watchdog Timer/General-Purpose Timer

Timer/Port (2 8-bit or 1 16-bit timer with analog comparator, 5 outputs, and
1 1/0. Ideal for slope A/D conversion)

Basic Timerl (2 8-bit timers or 1 16-bit timer)

LCD Controller/Driver (up to 92 segments)

8-Bit Timer/Counter (8-bit counter with preload. Can be used as UART)
I/0 Port0 (8 I/O’s all with interrupt)

2KB ROM, 128B RAM
4KB ROM, 256B RAM
12KB ROM, 512B RAM
16KB ROM, 512B RAM
16KB OTP, 512B RAM
16KB OTP, 512B RAM
16KB EPROM, 512B RAM

The 32x devices contain the following peripherals:

Uoddo dodd

ADC12+2 (14-bit A/D)

Available 32x devices are:

MSP430C323
MSP430C325
MSP430P325A
PMS430E325A

FLL clock system (on-chip DCO + crystal oscillator)

Watchdog Timer/General-Purpose Timer

Timer/Port (2 8-bit or 1 16-bit timer with analog comparator, 5 outputs, and
1 1/0. Ideal for slope A/D conversion)

Basic Timerl (2 8-bit timers or 1 16-bit timer)

LCD Controller/Driver (up to 84 segments)

8-bit Timer/Counter (8-bit counter with preload. Can be used as UART)
I/0 Port0 (8 I/O’s all with interrupt)

8KB ROM, 256B RAM
16KB ROM, 512B RAM
16KB OTP, 512B RAM
16KB EPROM, 512B RAM
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33x Devices

1.4 33x Devices

1-4

The 33x devices contain the following peripherals:

oo uoD oo

FLL clock system (on-chip DCO + crystal oscillator)

Watchdog Timer/General-Purpose Timer

Timer/Port (2 8-bit or 1 16-bit timer with analog comparator, 5 outputs, and
1 1/0. Ideal for slope A/D conversion)

Basic Timer1 (2 8-bit timers or 1 16-bit timer)

LCD Controller/Driver (up to 120 segments)

8-Bit Timer/Counter (8-bit counter with preload. Can be used as UART)
I/O Port0 (8 I/O’s all with interrupt)

I/O Portl1,2 (8 1/O’s each all with interrupt)

I/O Port3,4 (8 1/O’s each)

Hardware Multiplier (16 x 16-bit)

Timer_A (16-bit timer with 5 capture/compare registers and PWM output)
USART

Available 33x devices are:

MSP430C336 24KB ROM, 1KB RAM
MSP430C337 32KB ROM, 1KB RAM
MSP430P337A 32KB OTP, 1KB RAM
PMS430E337A 32KB EPROM, 1KB RAM



Chapter 2

Architectural Overview

This section describes the basic functions of an MSP430-based system.

The MSP430 devices contain the following main elements:

[ Central processing unit

(1 Program memory

(1 Data memory

[ Operation control

(] Peripheral modules

[ Oscillator and clock generator
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Introduction

2.1

Introduction

The architecture of the MSP430 family is based on a memory-to-memory
architecture, acommon address space for all functional blocks, and a reduced
instruction set applicable to all functional blocks as illustrated in Figure 2-1.
See specific device data sheets for complete block diagrams of individual
devices.

Figure 2—1. MSP430 System Configuration
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2.2 Central Processing Unit

2-2

The CPU incorporates a reduced and highly transparent instruction set and a
highly orthogonal design. It consists of a 16-bit arithmetic logic unit (ALU), 16
registers, and instruction control logic. Four of these registers are used for
special purposes. These are the program counter (PC), stack pointer (SP),
status register (SR), and constant generator (CGx). All registers, except the
constant-generator registers R3/CG2 and part of R2/CG1, can be accessed
using the complete instruction set. The constant generator supplies instruction
constants, and is not used for data storage. The addressing mode used on
CG1 separates the data from the constants.

The CPU control over the program counter, the status register, and the stack
pointer (with the reduced instruction set) allows the development of
applications with sophisticated addressing modes and software algorithms.



Program Memory

2.3 Program Memory

2.4 Data Memory

Instruction fetches from program memory are always 16-bit accesses,
whereas data memory can be accessed using word (16-bit) or byte (8-bit)
instructions. Any access uses the 16-bit memory data bus (MDB) and as many
of the least-significant address lines of the memory address bus (MAB) as
required to access the memory locations. Blocks of memory are automatically
selected through module-enable signals. This technique reduces overall
current consumption. Program memory is integrated as programmable or
mask-programmed memory.

In addition to program code, data may also be placed in the ROM section of
the memory map and may be accessed using word or byte instructions; this
is useful for data tables, for example. This unique feature gives the MSP430
an advantage over other microcontrollers, because the data tables do not
have to be copied to RAM for usage.

Sixteen words of memory are reserved for reset and interrupt vectors at the
top of the 64-kilobytes address space from OFFFFh down to OFFEOh.

The data memory is connected to the CPU through the same two buses as the
program memory (ROM): the memory address bus (MAB) and the memory
data bus (MDB). The data memory can be accessed with full (word) data width
or with reduced (byte) data width.

Additionally, because the RAM and ROM are connected to the CPU via the
same busses, program code can be loaded into and executed from RAM. This
is another unique feature of the MSP430 devices, and provides valuable,
easy-to-use debugging capability.

2.5 Operation Control

The operation of the different MSP430 members is controlled mainly by the
information stored in the special—function registers (SFRs). The different bits
in the SFRs enable interrupts, provide information about the status of interrupt
flags, and define the operating modes of the peripherals. By disabling
peripherals that are not needed during an operation, total current consumption
can be reduced. The individual peripherals are described later in this manual.

Architectural Overview 2-3
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2.6 Peripherals

Peripheral modules are connected to the CPU through the MAB, MDB, and
interrupt service and request lines. The MAB is usually a 5-bit bus for most of
the peripherals. The MDB is an 8-bit or 16-bit bus. Most of the peripherals
operate in byte format. Modules with an 8-bit data bus are connected by
bus-conversion circuitry to the 16-bit CPU. The data exchange with these
modules must be handled with byte instructions. The SFRs are also handled
with byte instructions. The operation for 8-bit peripherals follows the order
described in Figure 2-2.

Figure 2—2. Bus Connection of Modules/Peripherals

MAB
141
MDB
Interrupt Request €—— l4— Interrupt Request
Module/Peripheral
Interrupt Bus Grant —», —» Interrupt Bus Grant

?

PUC

2.7 Oscillator and Clock Generator
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The oscillator is designed for the commonly used 32,768 Hz, low-current-
consumption clock crystal. All analog components are integrated into the
MSP430x3xx; only the crystal needs to be connected with no other external
components required.

In addition to the crystal oscillator, all MSP430 devices contain a digitally-
controlled RC oscillator (DCO). The DCO is different from RC oscillators found
on other microcontrollers because it is digitally controllable and tuneable.

MSP430x3xx devices contain an additional logic block called the frequency
locked loop (FLL). The FLL continuously and automatically adjusts the
frequency of the DCO relative to the 32768-Hz crystal oscillator to stabilize the
DCO over voltage and temperature. This provides an effective, stable,
ultralow-power oscillator for the CPU and peripherals.

Clock source selection for peripherals is very flexible. Most peripherals are
capable of using the 32768-Hz crystal oscillator clock or the DCO clock. The
CPU executes from the DCO clock. See Chapter 7 for details on the clock
module.



Chapter 3

System Resets, Interrupts,
and Operating Modes

This chapter discusses the MSP430x3xx system resets, interrupts, and
operating modes.
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System Reset and Initialization

3.1 System Reset and Initialization

3.1.1

Introduction

The MSP430 system reset circuitry (shown in Figure 3—1) sources two internal
reset signals: power-on reset (POR) and power-up clear (PUC). Different
events trigger these reset signals and different initial conditions exist
depending on which signal was generated.

Figure 3—1. Power-on Reset and Power-up Clear Schematic
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A POR is a device reset. It is only generated by the two following events:
(] Powering up the device
(1 A low signal on the RST/NMI pin when configured in the reset mode

A PUC is always generated when a POR is generated, but a POR is not
generated by a PUC. The following events trigger a PUC:

[ A POR signal

(1 Watchdog Timer expiration (in watchdog mode only)
[0 Watchdog Timer security key violation
EI

A low signal on the RST/NMI pin when configured in the NMI mode

Note:

If desired, software can cause a PUC by simply writing to the watchdog timer
control register with an incorrect password.
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Note:

Generation of the POR/PUC signals does not necessarily generate a system
reset interrupt. Anytime a POR is activated, a system reset interrupt is
generated. However, when a PUC is activated, a system reset interrupt may
or may not be generated. Instead, a lower priority interrupt vector may be
generated, depending on what action caused the PUC. Each device data
sheet gives a detailed table of what action generates each interrupt. This
table should be consulted for the proper handling of all interrupts.

When the V¢ supply provides a fast rise time as shown in Figure 3-2, the
POR delay provides enough active time on the POR signal to allow the signal
to initialize the circuitry correctly after power up. When the V¢ rise time is
slow, as shown in Figure 3—-3, the POR detector holds the POR signal active
until Ve has risen above the V(poR level. This also ensures a correct
initialization.

Figure 3—2. Power-On Reset Timing on Fast V¢ Rise Time
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v
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If power to the chip is cycled, the supply voltage Vcc must fall below the V(min)
(see Figure 3-3) to ensure that another POR signal occurs when V¢ is
powered up again. If Vcc does not fall below V(iny during a cycle or a glitch,
a POR is not generated and power-up conditions do not set correctly.

Figure 3-3. Power-on Reset Timing on Slow Vcc Rise Time
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3.1.2 Device Initialization after System Reset
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After adevice reset (POR/PUC combination), the initial system conditions are:
(1 /O pins switched to input mode (see note below).
[ /O flags are cleared as described in the 1/0 chapter (see note below).

(1 Other peripherals and registers initialized as described in their respective
chapters.

[ Status register is reset.

[ Program counter is loaded with address contained at reset vector location
(OFFFEh). CPU execution begins at that address.

(1 FLL begins regulation of the DCO.

Note:

I/O pins and flags are only initialized after power up. Afterthe '430is powered
and running, if aresetis generated with RST/NMI pin (in reset mode), the I/O
pins are unaffected.

After a system reset, the user program can evaluate the various flags to
determine the source of the reset and take appropriate action.

The initial state of registers and peripherals is discussed in each applicable
section of this manual. Each register is shown with a key indicating the
accessibility of the register and the initial condition, for example, rw—(0), or
rw—0. In these examples, the rindicates read, the w indicates write, and the
value after the dash indicates the initial condition. If the value is in parenthesis,
the initial condition takes effect only after a POR —a PUC alone will not effect
the bit(s). If the value is not in parenthesis, it takes effect after a PUC alone or
after a POR/PUC combination. Some examples follow:

Type Description

rw—(0) Read/write, reset with POR

rw—0 Read/write, reset with POR or PUC
r-1 Read only, set with POR or PUC

r Read only, no initial state

w Write only, no initial state
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3.2 Global Interrupt Structure

There are four types of interrupts:

[ System reset
] Maskable

(1 Nonmaskable
(1 (Non)maskable

System reset (POR/PUC) is discussed in section 3.1.

Maskable interrupts are caused by:
[ A Watchdog-Timer overflow (if timer mode is selected)
[J Other modules with interrupt capability

Nonmaskable interrupts are not maskable in any way. No individual interrupt
enable bit is implemented for them, and the general interrupt enable bit (GIE)
has no effect on them.

(Non)maskable interrupts are not masked by the general interrupt enable bit
(GIE) but are individually enabled or disabled by an individual interrupt enable
bit. When a (non)maskable interrupt is accepted, the corresponding interrupt
enable bitis automatically reset, therefore disabling the interrupt for execution
of the interrupt service routine (ISR). The RETI (return from interrupt)
instruction has no effect on the individual enable bits of the (non)maskable
interrupts. So the software must set the corresponding interrupt enable bit in
the ISR before execution of the RETI instruction for the interrupt to be
re-enabled after the ISR.

A nonmaskable NMI interrupt can be generated by an edge on the RST/NMI
pin if NMI mode is selected. Additionally, a (nhon)maskable interrupt event can
be generated when an oscillator fault occurs, if the oscillator fault interrupt
enable bit is set.

System Resets, Interrupts, and Operating Modes 35
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3.3 MSP430 Interrupt-Priority Scheme

The interrupt priority of the modules, as shown in Figure 3—4, is defined by the
arrangement of the modules in the connection chain: the nearer a module is
to the CPU/NMIRS, the higher the priority.

Figure 3—4. Interrupt Priority Scheme
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@
CPU GIE Module Module WD Module Module
NMIRS 1 2 Timer m n
1 2 1 2 1 2 1 2 1
» — —P
7 | Ny 3 753 AT NPT,
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Circuit OSCfault
€ Reset/NMI
T N\
WDT Security Key

NSNS A NS A NS

MAB — 5LSBs >
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Reset and NMI, as shown in Figure 3-5, can only be used as alternative
interrupts because they use the same input pin. The associated control bits are
located in the watchdog timer control register shown in Figure 3-6, and are
password protected.
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Figure 3-5. Block Diagram of NMI Interrupt Sources
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Figure 3—6. RST/NMI Mode Selection
7 0
WDTCTL
0120h HOLD | NMIES NMI | TMSEL [ CNTCL | SSEL IS1 I1ISO
rw-0 rw-0 rw-0 rw-0 w)-0 rw-0 rw-0 rw-0

BITS 0-4,7 See Timers chapter.
BIT 5: The NMI bit selects the function of the RST/NMI input pin. It is cleared after a PUC signal.

NMI = 0: The RST/NMI input works as reset input. As long as the RST/NMI pin is held
low, the internal PUC signal is active (level-sensitive).

NMI = 1: The RST/NMI input works as an edge-sensitive, nonmaskable interrupt input.

BIT 6: This bit selects the activating edge of the RST/NMI input if the NMI function is selected. It is
cleared after a PUC signal.

NMIES = 0: A rising edge triggers an NMI interrupt.
NMIES = 1: A falling edge triggers an NMI interrupt.

System Resets, Interrupts, and Operating Modes 3-7
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3.3.1 Operation of Global Interrupt—Reset/NMI

If the RST/NMI pin is set to the reset function, the CPU is held in the reset state
as long as the RST/NMI pin is held low. After the input changes to a high state,
the CPU starts program execution at the word address stored in word location
OFFFEh (reset vector).

If the RST/NMI pin is set to the NMI function, a signal edge (selected by the
NMIES bit) will generate an unconditional interrupt. When accepted, program
execution begins at the address stored in location OFFFCh. The RST/NMI flag
in the SFR IFG1.4 is also set.

Note:

When configured in the NMI mode, a signal generating an NMI event should
not hold the RST/NMI pin low, unless it is intended to hold the processor in
reset. When an NMI event occurs on the pin, the PUC signal is activated, thus
resetting the bits in the WDTCTL register. This results in the RST/NMI pin
being configured in the reset mode. If the signal on the RST/NMI pin that
generated the NMI event remains low, the processor will be held in the reset
state.

When NMI mode is selected and the NMI edge select bit is changed, an NMI
can be generated, depending on the actual level at RST/NMI pin. When the
NMI edge select bit is changed before selecting the NMI mode, no NMI is
generated.

3.3.2 Operation of Global Interrupt—Oscillator Fault Control

The oscillator fault signal warns of a possible error condition with the crystal
oscillator. It is generated by different events in the FLL Clock and Basic Clock
systems.

3.3.2.1 Oscillator Fault Control in the FLL Clock System

3-8

The oscillator fault signal is triggered if the 5SMSB (29—-25) DCO control taps in
the SCFI1register are equal to 0, or greater than or equal to 28h. The oscillator
fault signal can be enabled to generate an NMI by bit IE1.1 in the SFRs. The
interrupt flag IFG1.1 in the SFRs can then be tested by the interrupt service
routine to determine if the NMI was caused by an oscillator fault. See chapter
7 for more details on the operation of the DCO oscillator and the FLL.
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3.4 Interrupt Processing

The MSP430 programmable interrupt structure allows flexible on-chip and
external interrupt configurations to meet real-time interrupt-driven system
requirements. Interrupts may be initiated by the processor’'s operating
conditions such as watchdog overflow; or by peripheral modules or external
events. Each interrupt source can be disabled individually by an interrupt
enable bit, or all maskable interrupts can be disabled by the general interrupt
enable (GIE) bit in the status register.

Whenever an interrupt is requested and the appropriate interrupt enable bit
and general interrupt enable (GIE) bit are set, the interrupt service routine
becomes active as follows:

1) CPU active: The currently executing instruction is completed.
2) CPU stopped: The low-power modes are terminated.

3) The program counter pointing to the next instruction is pushed onto the
stack.

4) The status register is pushed onto the stack.

5) The interrupt with the highest priority is selected if multiple interrupts
occurred during the last instruction and are pending for service.

6) The appropriate interrupt request flag resets automatically on single-
source flags. Multiple source flags remain set for servicing by software.

7) The GIE bit is reset; the CPUO(f hit, the OscOff bit, and the SCG1 bhit are
cleared; the status bits V, N, Z, and C are reset. SCGO is left unchanged,
and loop control remains in the previous operating condition.

8) The content of the appropriate interrupt vector is loaded into the program
counter: the program continues with the interrupt handling routine at that
address.

The interrupt latency is six cycles, starting with the acceptance of an interrupt
request, and lasting until the start of execution of the appropriate
interrupt-service routine first instruction, as shown in Figure 3—7.

Figure 3—7. Interrupt Processing

Before After
Interrupt Interrupt
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The interrupt handling routine terminates with the instruction:
RETI (return from an interrupt service routine)

which performs the following actions:

1) The status register with all previous settings pops from the stack. All pre-
vious settings of GIE, CPUOFF, etc. are now in effect, regardless of the
settings utilized during the interrupt service routine.

2) The program counter pops from the stack and begins execution at the
point where it was interrupted.

The return from the interrupt is illustrated in Figure 3-8.

Figure 3-8. Return from Interrupt

Before After
Return From Interrupt

Ilteml lteml
Iltem2 SP —» Iltem2 TOS
PC PC
SP —» SR TOS SR

A RETI instruction takes five cycles. Interrupt nesting is activated if the GIE bit
is set inside the interrupt handling routine. The GIE bit is located in status
register SR/R2, which is included in the CPU as shown in Figure 3-9.

Figure 3-9. Status Register (SR)
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OSC|CPU

OffOﬁGIENZC
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rw-0

Apart from the GIE bit, other sources of interrupt requests can be enabled/
disabled individually or in groups. The interrupt enable flags are located
together within two addresses of the special-function registers (SFRs). The
program-flow conditions on interrupt requests can be easily adjusted using the
interrupt enable masks. The hardware serves the highest priority within the
empowered interrupt source.
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3.4.1 Interrupt Control Bits in Special-Function Registers (SFRS)

Most of the interrupt control bits, interrupt flags, and interrupt enable bits are
collected in SFRs under a few addresses, as shown in Table 3-1. The SFRs
are located in the lower address range and are implemented in byte format.
SFRs must be accessed using byte instructions.

Table 3—1. Interrupt Control Bits in SFRs

Address 7 0
000Fh Not yet defined or implemented
000Eh Not yet defined or implemented
000Dh Not yet defined or implemented
000Ch Not yet defined or implemented
000Bh Not yet defined or implemented
000Ah Not yet defined or implemented

0009h Not yet defined or implemented
0008h Not yet defined or implemented
0007h Not yet defined or implemented

0006h Not yet defined or implemented
0005h Module enable 2 (ME2.X)
0004h Module enable 1 (ME1.x)

0003h Interrupt flag reg. 2 (IFG2.x)
0002h Interrupt flag reg. 1 (IFG1.x)
0001h Interrupt enable 2 (IE2.x)
0000h Interrupt enable 1 (IE1.x)

The MSP430 family supports SFRs by applying the correct logic and functions
to each individual module. Each module interrupt source can be individually
enabled or disable using the bits described in Table 3-2.

The interrupt-flag registers are described in Table 3—3. The module-enable
bits are described in Table 3—4.

System Resets, Interrupts, and Operating Modes 3-11
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Table 3-2. Interrupt Enable Registers 1 and 2

Bit Position ~ Short Form  Initial State T Comments

IE1.0 WDTIE Reset Watchdog Timer enable signal. Inactive if watchdog mode is
selected._Active if Watchdog Timer is configured as general-
purpose timer.

IE1.1 OFIE Reset Oscillator fault interrupt enable

IE1.2 POIE.O Reset Dedicated I/O PO0.0 interrupt enable

IE1.3 POIE.1 Reset Dedicated 1/O PO0.1 or 8-Bit Timer/Counter interrupt enable

IE1.4 Reset Reserved

IE1.5 Reset Reserved

IE1.6 Reset Reserved

IE1.7 Reset Reserved

IE2.0 URXIE Reset USART receive interrupt enable (33x devices)

IE2.1 UTXIE Reset USART transmit interrupt enable (33x devices)

IE2.2 ADIE/TPIE  Reset ADC enable (32x devices), Timer/Port enable (31x devices)

IE2.3 TPIE Reset Timer/Port (32x, 33x devices)

IE2.4 Reset Reserved

IE2.5 Reset Reserved

IE2.6 Reset Reserved

IE2.7 BTIE Reset Basic timer interrupt enable signal

T The initial state is the logical state after the PUC signal.
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Table 3-3. Interrupt Flag Register 1 and 2

Bit Position ~ Short Form  Initial State Comments
IFG1.0 WDTIFG Set Set on Watchdog Timer overflow in watchdog mode or security key
violation.
Or reset Reset with VCC power-up, or a reset condition at the RST/NMI pin
in reset mode.
IFG1.1 OFIFG Set Flag set on oscillator fault
IFG1.2 POIFG.0 Reset Dedicated 1/0 P0.0
IFG1.3 POIFG.1 Reset Dedicated I/O PO0.1 or 8-Bit Timer/Counter
IFG1.4 NMIIFG Reset Set through the RST/NMI pin
IFG1.5 Reserved
IFG1.6 Reserved
IFG1.7 Reserved
IFG2.0 URXIFG Reset USART receive flag (33x devices)
IFG2.1 UTXIFG Set USART transmitter ready (33x devices)
IFG2.2 ADIFG Reset ADC, set on end-of-conversion
IFG2.3 Reserved
IFG2.4 Reserved
IFG2.5 Reserved
IFG2.6 Reserved
IFG2.7 BTIFG Unchanged Basic timer flag

Table 3—4. Module Enable Registers 1 and 2

Bit Position Short Form Initial State  Comments

ME1.0 Reserved

ME1.1 Reserved

ME1.2 Reserved

ME1.3 Reserved

ME1.4 Reserved

ME1.5 Reserved

ME1.6 Reserved

ME1.7 Reserved

MEZ2.0 URXE Reset USART receiver enable (33x devices, UART mode)

USPIIE Reset USART transmit and receive enable (33x devices, SPI mode)

ME2.1 UTXE Reset USART transmit enable (33x devices, UART mode)
ME2.2 Reserved

ME2.3 Reserved

ME2.4 Reserved

ME2.5 Reserved

MEZ2.6 Reserved

ME2.7 Reserved
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3.4.2 Interrupt Vector Addresses

The interrupt vectors and the power-up starting address are located in the
ROM, using the address range OFFFFh — OFFEOh as described in Table 3-5.
The vector contains the 16-bit address of the appropriate interrupt handler
instruction sequence. The interrupt vectors for 3xx devices are shown in Table
3-5in decreasing order of priority. See device data sheet for interrupt vectors
for a specific device.

Table 3-5. Interrupt Sources, Flags, and Vectors of 3xx Configurations

Interrupt Source Interrupt Flag System Interrupt Word Address | Priority

Power-up, ext. reset, watchdog WDTIFG Reset OFFFEh 15 (highest)

NMI NMIIFG See Note OFFFCh 14

OSC. fault OFIFGT (Non)maskablef

Dedicated I/O POIFG.0 Maskable OFFFAh 13

Dedicated I/O POIFG.1 Maskable OFFF8h 12
Maskable OFFF6h 11

Watchdog Timer WDTIFG Maskable OFFF4h 10

Timer_A CCIFGO Maskable OFFF2h 9

Timer_A TAIFG Maskable OFFFOh 8

USART receive URXIFG Maskable OFFEEh 7

USART transmit UTXIFG Maskable OFFECh 6

ADC, Timer/Port¥ ADCIFG Maskable OFFEAh 5

Timer/Port8 Maskable OFFE8h 4

Port P2 P2IFG.07T Maskable OFFE6h 3

Port P1 P1IFG.07T Maskable OFFE4h 2

Basic timer BTIFG Maskable OFFE2h 1

Port 0 POIFG.27T Maskable OFFEOh 0 (lowest)

T Multiple source flags

¥ Timer/Port vector in '31x configuration
8 Timer/Port vector in '32x and '33x configuration
T interrupt can be disabled with individual interrupt enable bit, but not with the general interrupt enable bit, GIE.

3.4.2.1 External Interrupts

All eight bits of ports PO, P1, and P2 are designed for interrupt processing of
external events. All individual 1/0O bits are independently programmable. Any
combinations of inputs, outputs, and interrupt conditions are possible. This
allows easy adaptation to different I/O configurations. See Chapter 8 for more
details on I/O ports.

3.5 Operating Modes
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The MSP430 family was developed for ultra-low power applications and uses
different levels of operating modes. The MSP430 operating modes, shown in
Figure 3-10, give advanced support to various requirements for ultra-low
power and ultra-low energy consumption. This support is combined with an
intelligent management of operations during the different module and CPU
states. Aninterrupt event wakes the system from each of the various operating
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modes and the RETI instruction returns operation to the mode that was
selected before the interrupt event.

The ultra-low power system design which uses complementary metal-oxide
semiconductor (CMOS) technology, takes into account three different needs:

[ The desire for speed and data throughput despite conflicting needs for
ultralow-power

[ Minimization of individual current consumption

[ Limitation of the activity state to the minimum required by the use of
low-power modes

There are four bits that control the CPU and the system clock generator:
CPUOff, OscOff, SCGO, and SCG1. These four bits support discontinuous
active mode (AM) requests, to limit the time period of the full operating mode,
and are located in the status register. The major advantage of including the
operating mode bits in the status register is that the present state of the
operating condition is saved onto the stack during an interrupt service request.
As long as the stored status register information is not altered, the processor
continues (after RETI) with the same operating mode as before the interrupt
event. Another program flow may be selected by manipulating the data stored
on the stack or the stack pointer. Being able to access the stack and stack
pointer with the instruction set allows the program structures to be individually
optimized, as illustrated in the following program flow:

(1 Enter interrupt routine

The interrupt routine is entered and processed if an enabled interrupt awakens
the MSP430:

B The SRandPC are stored on the stack, with the content present at the
interrupt event.

B Subsequently, the operation mode control bits OscOff, SCG1, and
CPUOff are cleared automatically in the status register.

(1 Return from interrupt

Two different modes are available to return from the interrupt service routine
and continue the flow of operation:

B Return with low-power mode bits set. When returning from the
interrupt, the program counter points to the next instruction. The
instruction pointed to is not executed, since the restored low-power
mode stops CPU activity.

B Return with low-power mode bits reset. When returning from the
interrupt, the program continues at the address following the
instruction that set the OscOff or CPUOff-bit in the status register. To
use this mode, the interrupt service routine must reset the OscOff,
CPUOff, SCGO, and SCG1 bits on the stack. Then, when the SR
contents are popped from the stack upon RETI, the operating mode
will be active mode (AM).

System Resets, Interrupts, and Operating Modes 3-15



Operating Modes

The software can configure five operating modes:

[ Active mode AM; SCG1=0, SCG0=0, OscOff=0, CPUOff=0:
CPU clocks are active

[ Low-power mode 0 (LPMO0); SCG1=0, SCG0=0, OscOff=0, CPUOff=1:
CPU is disabled
ACLK and MCLK remain active
Loop control for MCLK remains active

[ Low-power mode 1 (LPM1); SCG1=0, SCG0=1, OscOff=0, CPUOff=1:
CPU is disabled
Loop control for MCLK is disabled
ACLK and MCLK remain active

[ Low-power mode 2 (LPM2); SCG1=1, SCG0=0, OscOff=0, CPUOff=1:
CPU is disabled
MCLK and loop control for MCLK are disabled
DCO'’s dc-generator remains enabled
ACLK remains active

[ Low-power mode 3 (LPM3); SCG1=1, SCGO0=1, OscOff=0, CPUOff=1:
CPU is disabled
MCLK and loop control for MCLK are disabled
DCO oscillator is disabled
DCO'’s dc-generator is disabled
ACLK remains active

[ Low-power mode 4 (LPM4); SCG1=X, SCG0=X, OscOff=1, CPUOff=1:
CPU is disabled
ACLK is disabled
MCLK and loop control for MCLK are disabled
DCO oscillator is disabled
DCO'’s dc-generator is disabled
Crystal oscillator is stopped

Note:

Peripheral operation is not halted by CPUOff. Peripherals are controlled by
their individual control registers.
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Table 3—6. Low-Power Mode Logic Chart

SCG1 SCGO OscOff CPUOff
LPMO 0 0 0 1
LPM1 0 1 0 1
LPM2 1 0 0 1
LPM3 1 1 0 1
LPM4 X X 1 1

These modes are illustrated in Figure 3-10.

Figure 3—10. MSP430x3xx Family Operating Modes
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Figure 3—-11. Typical Current Consumption vs Operating Modes
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Operating Modes

The low-power modes 1-4 enable or disable the CPU and the clocks. In
addition to the CPU and clocks, enabling or disabling specific peripherals may
further reduce total current consumption of the individual modes. The activity
state of each peripheral is controlled by the control registers for the individual
peripherals. An example is the enable/disable function of the segment lines of
the LCD peripheral: they can be turned on or off using a single register bit in
the LCD control and mode register. In addition, the SFRs include module
enable bits that may be used to enable or disable the operation of specific
peripheral modules (see Table 3—4).

3.5.1 Low-Power Modes 0 and 1 (LPMO and LPM1)

Low-power mode O or 1 is selected if bit CPUO(f in the status register is set.
Immediately after the bit is set the CPU stops operation, and the normal
operation of the system core stops. The operation of the CPU halts and all
internal bus activities stop until an interrupt request or reset occurs. The
system clock generator continues operation, and the clock signals MCLK and
ACLK stay active depending on the state of the other three status register bits,
SCGO, SCG1, and OscOff.

The peripherals are enabled or disabled according with their individual control
register settings, and with the module enable registers in the SFRs. All 1/O port
pins and RAM/registers are unchanged. Wake up is possible through all
enabled interrupts.

The following are examples of entering and exiting LPMO. The method shown
is applicable to all low-power modes.

The following example describes entering into low-power mode 0.

;===Main program flow with switch to CPUOff Mode

BIS #18h,SR  ;Enter LPMO + enable general interrupt GIE
;(CPUOff=1, GIE=1). The PC is incremented
;during execution of this instruction and
;points to the consecutive program step.

...... ;The program continues here if the CPUOff
;bit is reset during the interrupt service
:routine. Otherwise, the PC retains its
;value and the processor returns to LPMO.
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The following example describes clearing low-power mode 0.

;===Interrupt service routine
...... ;CPU is active while handling interrupts
BIC #10h,0(SP) ;Clears the CPUOf bit in the SR contents
;that were stored on the stack.

RETI ‘RETI restores the CPU to the active state
:because the SR values that are stored on
;the stack were manipulated. This occurs
;because the SR is pushed onto the stack
;upon an interrupt, then restored from the
:stack after the RETI instruction.

3.5.2 Low-Power Modes 2 and 3 (LPM2 and LPM3)

Low-power mode 2 or 3 is selected if bits CPUOff and SCGL1 in the status
register are set. Immediately after the bits are set, CPU, and MCLK operations
halt and all internal bus activities stop until an interrupt request or reset occurs.

Peripherals that operate with the MCLK signal are inactive because the clock
signal is inactive. Peripherals that operate with the ACLK signal are active or
inactive according with the individual control registers and the module enable
bits in the SFRs. All I/O port pins and the RAM/registers are unchanged. Wake
up is possible by enabled interrupts coming from active peripherals or
RST/NMI.

3.5.3 Low-Power Mode 4 (LPM4)

Inlow-power mode 4 all activities cease; only the RAM contents, I/O ports, and
registers are maintained. Wake up is only possible by enabled external
interrupts.

Before activating LPM4, the software should consider the system conditions
during the low-power mode period. The two most important conditions are
environmental (that is, temperature effect on the DCO), and the clocked
operation conditions.

The environment defines whether the value of the frequency integrator should
be held or corrected. A correction should be made when ambient conditions
are anticipated to change drastically enough to increase or decrease the
system frequency while the device is in LPM4.
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Basic Hints for Low-Power Applications

3.6 Basic Hints for Low -Power Applications

There are some basic practices to follow when current consumption is a critical
part of a system application:

a
J

Uy Do dduUuodd boddoodod
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Switch off analog circuitry when possible.

Select the lowest possible operating frequency for the core and the
individual peripheral module.

Select the weakest drive capability if an LCD is used or switch the drive
off.

Use the interrupt driven software; the program starts execution rapidly.

Tie all unused inputs to an applicable voltage level. The list below defines
the correct termination for all unused pins.

PIN Potential Comment
AVcc: DVcce
AVss: DVgg
SVcc: open May be used as a low impedance output
A0 to A7: open Switched to analog inputs: AEN.x=0
Xout: open
XBUF: open
Cl: Vss May be used as a digital input
TPO.0 to TPO.5: open LPZS switched to output direction, others to
i-
Px.0 to Px.7: open Unused ports switched to output direction
RO3: Vss
R13: Vss
R23: Vss
R33: open
SO to S1: open
S3to S20: open Switched to output direction
Com0O to Com3: open
RST/NMI: DVcc resp.  Pullup resistor 100k
Vce
TDO:
TDI: Refer to device specific datasheets for the correct ter-
TMS: mination of these pins.
TCK:



Chapter 4

Memory

MSP430 devices are configured as a von-Neumann architecture. It has code
memory, data memory, and peripherals in one address space. As a result, the
same instructions are used for code, data, or peripheral accesses. Also, code
may be executed from RAM.

Topic Page
4.1 INtrodUCtiON ... 4-2
4.2 Datainthe MEemMOry . ......... oot 4-3
4.3 Internal ROM Organization ..............uiitieiniennennnennan 4-4
4.4 RAM and Peripheral Organization — ..............c.ccoiiiuuinann. 4-6

4-1



Introduction

4.1 Introduction

All of the physically separated memory areas (ROM, RAM, SFRs, and
peripheral modules) are mapped into the common address space, as shown
in Figure 4—1 for the MSP430 family. The addressable memory space is 64KB.
Future expansion is possible.

Figure 4-1. Memory Map of Basic Address Space

Address
(Hex.)

OFFFFh
OFFEOh

Interrupt Vector Table

OFFDFh

Program Memory
Branch Control Tables
Data Tables...

4
v

0200h

Data Memory

01FFh
°
3

°
0100h

16-Bit Peripheral Modules

OFFh
010h

8-Bit Peripheral Modules

OFh
Oh

Special Function Registers

Function Access
ROM Word/Byte
ROM Word/Byte
RAM Word/Byte
Timer,
ADC., . .. Word
1/0, LCD

! Byte
gotic, ... | "
SFR Byte

The memory data bus (MDB) is 16- or 8-bits wide. For those modules that can
be accessed with word data the width is always 16 bits. For the other modules,
the width is 8 bits, and they must be accessed using byte instructions only. The
program memory (ROM) and the data memory (RAM) can be accessed with
byte or word instructions.

Figure 4-2. Memory Data Bus

Address Range 0000h — 00FFh

— — — | USART ROM RAM CPU
High Byte ° .
Data Bus 1

N Low Byte I
\ 4 A y A
SFRs | — — — SCI ADC | ——| WDT
8-Bit Peripheral Modules, Byte/Word 16-Bit Peripheral Modules,
Byte Access Access Word Access
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4.2 Data in the Memory

Data in the Memory

Bytes are located at even or odd addresses as shown in Figure 4-3. However,
words are only located at even addresses. Therefore, when using word
instructions, only even addresses may be used. The low byte of a word is
always at an even address. The high byte of a word is at the next odd address
after the address of the word. For example, if a data word is located at address
xxx2h, then the low byte of that data word is located at address xxx2h, and the

high byte of that word is located at address xxx3h.

Figure 4-3. Bits, Bytes, and Words in a Byte-Organized Memory

(YY)
15 | 14 |..Bits..| 9 8
7 6 |..Bits..| 1 0
Byte
Byte

Word (High Byte)

Word (Low Byte)

XXXAh
xxx9h
xxx8h

XXX7h

XXx6h

xxx5h

xxx4h

xxx3h

Memory
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Internal ROM Organization

4.3

Internal ROM Organization

Various sizes of ROM (OTP, masked-ROM, or EPROM) are available within
the 64-kB address space, as shown in Figure 4-4. The common address
space is shared with SFRs, peripheral module registers, data and code
memory. The SFRs and peripheral modules are mapped into the address
range, starting with 0 and ending with 01FFh. The remaining address space,
0200h to OFFFFh, is shared by data and code memory. The start address for
ROM depends on the amount of ROM present. The interrupt vector table is
mapped into the the upper 16 words of ROM address space, with the highest
priority interrupt vector at the highest ROM word address (OFFFEh). See the
individual data sheets for specific memory maps.

Figure 4-4. ROM Organization

OFFFEh Vectors Vectors Vectors Vectors
OFF‘EOh

. 4Kk
0F000h
OEFFEh

[ )
[ )
° 32k
0D000h

OCFFFh

12 k

xX k

08000h

4.3.1 Processing of ROM Tables

4-4

The MSP430 architecture allows for the storage and usage of large tables in
ROM without the need to copy the tables to RAM before using them. This ROM
accessing of tables allows fast and clear programming in applications where
datatables are necessary. This offers the flexible advantages listed below, and
saves on ROM and RAM requirements. To access these tables, all word and
byte instructions can be used.

(1 ROM storage of an output programmable logic array (OPLA) for display
character conversion

The use of as many OPLA terms as needed (no restriction on n terms)
OTP version automatically includes OPLA programmability

Computed table accessibility (for example, for a bar graph display)

I I Ny

Table-supported program flows



Internal ROM Organization

4.3.2 Computed Branches and Calls

Computed branches and subroutine calls are possible using standard
instructions. The call and branch instructions use the same addressing modes
as the other instructions.

The addressing modes allow indirect-indirect addressing that is ideally suited
for computed branches and calls. This programming technique permits a
program structure that is different from conventional 8- and 16-bit
microcontrollers. Most of the routines can be handled easily by using software
status handling instead of flag-type program-flow control.

The computed branch and subroutine calls are valid throughout the entire
ROM space.

Memory 4-5



RAM and Peripheral Organization

4.4 RAM and Peripheral Organization

The entire RAM can be accessed with byte or word instructions using the
appropriate instruction suffix. The peripheral modules, however, are located
in two different address spaces and must be accessed with the appropriate
instruction length.

[ The SFRs are byte-oriented and mapped into the address space from Oh
up to OFh.

[J Peripheral modules that are byte-oriented are mapped into the address
space from 010h up to OFFh.

(1 Peripheral modules that are word-oriented are mapped into the address
space from 100h up to 01FFh.
4.4.1 Random Access Memory

RAM can be used for both code and data memory. Code accesses are always
performed on even byte addresses.

The instruction mnemonic suffix defines the data as being word or byte data.

Example:

ADD.B &TCDATA, TCSUM_L ;Byte access
ADDC.B TCSUM_H ;Byte access
ADD R5,SUM_A = ADD.W R5,SUM_A :Word access
ADDC SUM_B = ADDCW SUM_A ;Word access

A word consists of two bytes: a high byte (bit 15 to bit 8), and a low byte
(bit 7 to bit 0) as shown in Figure 4-5. It must always align to an even address.

Figure 4-5. Byte and Word Operation

(YY) XXXAh
] ADD.B Bytel, Byte2:
Bytel: 012h x9N Byten = 012h + 034h = 046h
Byte2: 034h xxx8h
Word1 (High Byte): 056h XXX7h
Word1 (Low Byte): 078h XXx6h ADD.W Word1, Word2:
Word2 (Low Byte): 0BCh xxx4h
(YY) xxx3h

All operations on the stack and PC are word operations and use even-aligned
memory addresses.
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In the following examples, word-to-word and byte-to-byte operations show the
results of the operation and the status bit information.

Example Word-Word Operation
R5 = 0F28Eh

EDE .EQU 0212h
Mem(0OF28Eh) = OFFFEh
Mem(0212h) = 00112h

ADD @R5,&EDE

Mem(0212h) = 00110h
C=1,Z=0,N=0

Example Byte-Byte Operation

R5 = 0223h
EDE .EQU 0202h
Mem(0223h) = 05Fh

Mem(0202h) = 043h
ADD.B  @R5,&EDE

Mem(0202h) = 0A2h
C=0,Z=0,N=1

Figure 4-6 shows the register-byte and byte-register operations.

Figure 4—-6. Register-Byte/Byte-Register Operations

Register-Byte Operation

High Byte Low Byte

Unused

Register

Byte Memory

Byte-Register Operation

High Byte  Low Byte

Byte Memory

oh Register

The following examples describe the register-byte and byte-register

operations.

Example Register-Byte Operation Example Byte-Register Operation

R5 = 0A28Fh
R6 = 0203h
Mem(0203h) = 012h

ADD.B R5,0(R6)

08Fh
+ 012h
0Alh

Mem (0203h) = 0A1h
C=0,Z=0,N=1

(Low byte of register)
+ (Addressed byte)
—>(Addressed byte)

R5 = 01202h
R6 = 0223h
Mem(0223h) = 05Fh

ADD.B @R6,R5
05Fh
+ 002h ;Low byte of R5
00061h ;—>Store into R5 -
;High byte is 0
R5 = 00061h

C=0,Z2=0,N=0

(Addressed byte)
+ (Low byte of register)

—>(Low byte of register,
zero to High byte)

Note: Word-Byte Operations

Word-byte or byte-word operations on memory data are not supported. Each

register-byte or byte-register is performed as a byte operation.
L

Memory 4-7



RAM and Peripheral Organization

4.4.2 Peripheral Modules—Address Allocation

Some peripheral modules are accessible only with byte instructions, while
others are accessible only with word instructions. The address space from
0100 to 01FFh s reserved for word modules, and the address space from 00h
to OFFh is reserved for byte modules.

Peripheral modules that are mapped into the word address space must be
accessed using word instructions (for example, MOV R5,&WDTCTL).
Peripheral modules that are mapped into the byte address space must be
accessed with byte instructions (MOV.B #1,&TCCTL).

The addressing of both is through the absolute addressing mode or the 16-bit
working registers using the indexed, indirect, or indirect autoincrement
addressing mode. See Figure 4-7 for the RAM/peripheral organization.

Figure 4—-7. Example of RAM/Peripheral Organization

4.4.2.1

4-8

Word Modules

Address Function Access
(Hex.) 7 0
OlliFh . _ Timer, Word
] 16-Bit Peripheral Modules ADC, . ..
0100h
OFFh ) . I/0, LCD
o10n 8-Bit Peripheral Modules 8b T/C, ... Byte
OFh . . .
oh Special Function Registers SFR Byte

Word modules are peripherals that are connected to the 16-bit MDB.

Word modules can be accessed with word or byte instructions. If byte
instructions are used, only even addresses are permissible, and the high byte
of the result is always '0'.

The peripheral file address space is organized into sixteen frames with each
frame representing eight words as described in Table 4-1.



RAM and Peripheral Organization

Table 4-1. Peripheral File Address Map—Word Modules

4.4.2.2 Byte Modules

Address Description
1FOh — 1FFh Reserved

1EOh — 1EFh Reserved

1D0Oh — 1DFH Reserved

1COh — 1CFH Reserved

1BOh — 1BFH Reserved

1A0h — 1AFH Reserved

190h — 19FH Reserved

180h — 18FH Reserved

170h - 17FH Timer_A

160h — 16FH Timer_A

150h — 15FH Reserved

140h — 14FH Reserved

130h — 13FH Multiplier

120h — 12FH Watchdog Timer
110h - 11FH Analog-to-Digital Converter
100h — 10FH Reserved

Byte modules are peripherals that are connected to the reduced (eight LSB)
MDB. Access to byte modules is always by byte instructions. The hardware
in the peripheral byte modules takes the low byte (the LSBs) during a write

operation.

Byte instructions operate on byte modules without any restrictions. Read
access to peripheral byte modules using word instructions results in
unpredictable data in the high byte. Word data is written into a byte module by
writing the low byte to the appropriate peripheral register and ignoring the high

byte.

The peripheral file address space is organized into sixteen frames as
described in Table 4-2.

Memory
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RAM and Peripheral Organization

Table 4-2. Peripheral File Address Map—Byte Modules

Address Description
00FOh — O0FFh Reserved
OOEOh — O0EFh Reserved
00DOh — 00DFh Reserved
00COh — 00CFh Reserved
00BOh — 00BFh Reserved
00AOh — 00AFh Reserved
0090h — 009Fh Reserved
0080h — 008Fh Reserved
0070h — 007Fh USART
0060h — 006Fh Reserved

0050h — 005Fh
0040h — 004Fh
0030h — 003Fh
0020h — 002Fh
0010h — 001Fh
0000h — 000Fh

System clock generator, EPROM and Crystal Buffer
Basic timer, 8-Bit Timer/Counter, Timer/Port

LCD

Digital I/O port P1 and P2 control

Digital I/0 port PO, P3, and P4 control

Special function

4.4.3 Peripheral Modules—Special Function Registers (SFRs)

4-10

The system configuration and the individual reaction of the peripheral modules
to the processor operation is configured in the SFRs as described in
Table 4-3. The SFRs are located in the lower address range, and are
organized by bytes. SFRs must be accessed using byte instructions only.



RAM and Peripheral Organization

Table 4-3. Special Function Register Address Map

Address Data Bus

7 0
000Fh Not yet defined or implemented
000Eh Not yet defined or implemented
000Dh Not yet defined or implemented
000Ch Not yet defined or implemented
000Bh Not yet defined or implemented
000Ah Not yet defined or implemented
0009h Not yet defined or implemented
0008h Not yet defined or implemented
0007h Not yet defined or implemented
0006h Not yet defined or implemented
0005h Module enable 2; ME2.2
0004h Module enable 1; ME1.1
0003h Interrupt flag reg. 2; IFG2.x
0002h Interrupt flag reg.1; IFG1.x
0001h Interrupt enable 2; IE2.x
0000h Interrupt enable 1; IE1.x

The system power consumption is influenced by the number of enabled
modules and their functions. Disabling a module from the actual operation
mode reduces power consumption while other parts of the controller remain
fully active (unused pins must be tied appropriately or power consumption will
increase; see Basic Hints for Low Power Applications in section 3.6.

Memory 4-11
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Chapter 5

16-Bit CPU

The MSP430 von-Neumann architecture has RAM, ROM, and peripherals in
one address space, both using a single address and data bus. This allows
using the same instruction to access either RAM, ROM, or peripherals and
also allows code execution from RAM.

Topic Page
5.1 CPU REQISIEIS .t e 5-2
5.2 Addressing Modes ......... . 5-7
5.3 Instruction Set OVEIVIEW ... ...t 5-17
5.4 Instruction Map ... ..o 5-23
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CPU Registers

5.1 CPU Registers

Sixteen 16-bit registers (RO, R1, and R4 to R15) are used for data and
addresses and are implemented in the CPU. They can address up to
64 Kbytes (ROM, RAM, peripherals, etc.) without any segmentation. The
complete CPU-register set is described in Table 5-1. Registers RO, R1, R2,
and R3 have dedicated functions, which are described in detail later.

Table 5-1. Register by Functions

Program counter (PC) RO
Stack pointer (SP) R1
Status register (SR)

Constant generator (CG1) R
Constant generator (CG2) R3
Working register R4 R4
Working register R5 R5
Working register R13 R13
Working register R14 R14
Working register R15 R15

5.1.1 The Program Counter (PC)

The 16-bit program counter points to the next instruction to be executed. Each
instruction uses an even number of bytes (two, four, or six), and the program
counter is incremented accordingly. Instruction accesses are performed on
word boundaries, and the program counter is aligned to even addresses.
Figure 5-1 shows the program counter bits.

Figure 5—-1. Program Counter
15 10

Program Counter Bits 15 to 1 0

5.1.2 The System Stack Pointer (SP)

The system stack pointer must always be aligned to even addresses because
the stack is accessed with word data during an interrupt request service. The
system SP is used by the CPU to store the return addresses of subroutine calls
and interrupts. It uses a predecrement, postincrement scheme. The
advantage of this scheme is that the item on the top of the stack is available.
The SP can be used by the user software (PUSH and POP instructions), but
the user should remember that the CPU also uses the SP. Figure 5-2 shows
the system SP bits.

Figure 5-2. System Stack Pointer
15 10

System Stack Pointer Bits 15to 1 0
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5.1.2.1 Examples for System SP Addressing (Refer to Figure 5—4)

MOV SP,R4 :SP—>R4

MOV  @SPR5 : ltem 13 (TOS) —> R5
MOV  2(SP),R6 ;ltemI2—>R6

MOV  R7,0(SP) ; Overwrite TOS with R7
MOV  R8,4(SP) ;Modify item 11

PUSH RI12 ; Store R12 in address Oxxxh — 6; SP points to same address
POP R12 ; Restore R12 from address Oxxxh — 6; SP points to
Oxxxh — 4
MOV  @SP+,R5 ;ltem I3 —> R5 (popped from stack); same as POP
instruction

Figure 5-3 shows stack usage.

Figure 5-3. Stack Usage

Address PUSH #1 POP R8

Oxxxh 11 11 11

Oxxxh — 2 12 12 12

Oxxxh — 4 13 <4— SP 13 13 <4— SP
Oxxxh — 6 #1 &— SP

Oxxxh — 8

5.1.2.2 Special Cases—PUSH SP and POP SP

The special cases of using the SP as an argument to the PUSH and POP
instructions are described below.

Figure 5—4. PUSH SP and POP SP

PUSH SP POP SP
SPolg —®
sp; —¥ SP3 sP, —¥ SP3
The stack pointer is changed after The stack pointer is not changed
a PUSH SP instruction. after a POP SP instruction.

After the sequence

PUSH SP ; SP1 is stack pointer after this instruction
|
|

POP SP ; SP2 is stack pointer after this instruction

The stack pointer is two bytes lower than before this sequence.

16-Bit CPU 5-3
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5.1.3 The Status Register (SR)

The status register SR contains the following CPU status bits:

0 Vv Overflow bit

[ SCG1 System clock generator control bit 1
] SCGO System clock generator control bit 0
[0 OscOff Crystal oscillator off bit

O CPUOSf CPU off bit

0 GIE General interrupt enable bit

O N Negative bit

O Z Zero hit

g C Carry bit

Figure 5-5 shows the SR bits.

Figure 5-5. Status Register Bits

15 9 8 7 0

OSC|CPU
Reserved For Future Enhancements V | SCG1 | SCGO off | off GIE|N|Z]|C

Table 5-2 describes the status register bits.

Table 5-2. Description of Status Register Bits

Bit

Description

\Y,

Overflow bit. Set if the result of an arithmetic operation overflows the signed-variable range. The
bit is valid for both data formats, byte and word:

ADD(.B), ADDC(.B) Set when:

Positive + Positive = Negative

Negative + Negative = Positive, otherwise reset
SUB(.B), SUBC(.B), CMP(.B)  Set when:

Positive — Negative = Negative

Negative — Positive = Positive, otherwise reset

SCG1, SCGO These bits control four activity states of the system-clock generator and therefore influence the

OscOFF

CPU Off

GIE

operation of the processor system.

If set, the crystal oscillator enters off mode: all activities cease; however, the RAM contents, the
port, and the registers are maintained. Wake up is possible only through enabled external
interrupts when the GIE bit is set and from the NMI.

If set, the CPU enters off mode: program execution stops. However, the RAM, the port registers,
and especially the enabled peripherals (for example, basic timer, UART, etc.) stay active. Wake
up is possible through all enabled interrupts.

If set, all enabled maskable interrupts are handled. If reset, all maskable interrupts are disabled.
The GIE bit is cleared by interrupts and restored by the RETI instruction as well as by other
appropriate instructions.

Set if the result of an operation is negative.

Word operation: Negative bit is set to the value of bit 15 of the result

Byte operation: Negative bit is set to the value of bit 7 of the result

Set if the result of byte or word operation is O; cleared if the result is not 0.

Setif the result of an operation produced a carry; cleared if no carry occurred. Some instructions
modify the carry bit using the inverted zero bits.
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Note: Status Register Bits V, N, Zand C

The status register bits V, N, Z, and C are modified only with the appropriate
instruction. For additional information, see the detailed description of the
instruction set in Appendix B.

5.1.4 The Constant Generator Registers CG1 and CG2

Commonly-used constants are generated with the constant generator
registers R2 and R3, without requiring an additional 16-bit word of program
code. The constant used for immediate values is defined by the addressing
mode bits (As) as described in Table 5-3. See Section 5.3 for a description of
the addressing mode bits (As).

Table 5-3. Values of Constant Generators CG1, CG2

Register As Constant Remarks

R2 o0 —-———- Register mode

R2 01 ©) 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

R3 10 00002h +2, bit processing

R3 11 OFFFFh —1, word processing

The major advantages of this type of constant generation are:

(1 No special instructions required

(1 Reduced code memory requirements: no additional word for the six most
used constants

[ Reduced instruction cycle time: no code memory access to retrieve the
constant

The assembler uses the constant generator automatically if one of the six
constants is used as a source operand in the immediate addressing mode.
The status register SR/R2, used as a source or destination register, can be
used in the register mode only. The remaining combinations of
addressing-mode bits are used to support absolute-address modes and bit
processing without any additional code. Registers R2 and R3, used in the
constant mode, cannot be addressed explicitly; they act like source-only
registers.
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The RISC instruction set of the MSP430 only has 27 instructions. However, the
constant generator allows the MSP430 assembler to support 24 additional,
emulated instructions. For example, the single-operand instruction:

CLR dst

is emulated by the double-operand instruction with the same length:

MOV R3,dst
or the equivalent
MOV #0,dst

where #0 is replaced by the assembler, and R3 is used with As = 00, which
results in:

[ One word instruction
[ No additional control operation or hardware within the CPU

(1 Register-addressing mode for source: no extra-fetch cycle for constants
(#0)



5.2 Addressing Modes

Addressing Modes

All seven addressing modes for the source operand and all four addressing
modes for the destination operand can address the complete address space.
The bit numbers in Table 5-4 describe the contents of the As and Ad mode bits.
See Section 5.3 for a description of the source address As and the destination
address Ad bits.

Table 5-4. Source/Destination Operand Addressing Modes

As/Ad Addressing Mode Syntax Description
00/0 Register mode Rn Register contents are operand
01/1 Indexed mode X(Rn) (Rn + X) points to the operand
Xis stored in the next word
01/1 Symbolic mode ADDR  (PC + X) points to the operand
X'is stored in the next word.
Indexed mode X(PC) is used.
01/1 Absolute mode &ADDR  The word following the instruction
contains the absolute address.
10/- Indirect register @Rn Rn is used as a pointer to the
mode operand.
11/- Indirect @Rn+  Rnis used as a pointer to the
autoincrement operand. Rn is incremented
afterwards.
11/- Immediate mode #N The word following the instruction

contains the immediate constant
N. Indirect autoincrement mode
@PC+ is used.

The seven addressing modes are explained in detail in the following sections.
Most of the examples show the same addressing mode for the source and
destination, but any valid combination of source and destination addressing
modes is possible in an instruction.
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Addressing Modes

5.2.1 Register Mode

The register mode is described in Table 5-5.

Table 5-5. Register Mode Description

Assembler Code Content of ROM
MOV R10,R11 MOV R10,R11
Length: One or two words
Operation: Move the content of R10 to R11. R10 is not affected.
Comment: Valid for source and destination
Example: MOV R10,R11
Before: After:

R10 0A023h R10 0A023h
R11 OFA15h R11 0A023h

PC PCoid PC PCoig + 2

I
Note: Data in Registers

The data in the register can be accessed using word or byte instructions. If
byte instructions are used, the high byte is always 0 in the result. The status
bits are handled according to the result of the byte instruction.
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5.2.2 Indexed Mode

Addressing Modes

The indexed mode is described in Table 5-6.

Table 5-6. Indexed Mode Description

Assembler Code Content of ROM
MOV 2(R5),6(R6) MOV X(R5),Y(R6)
X=2
Y=6

Length: Two or three words
Operation: Move the contents of the source address (contents of R5 + 2)
to the destination address (contents of R6 + 6). The source
and destination registers (R5 and R6) are not affected. In
indexed mode, the program counter is incremented
automatically so that program execution continues with the
next instruction.
Comment: Valid for source and destination
Example: MOV 2(R5),6(R6):
Before: After:
Address Register Address Register
Space Space
Oxxxxh | PC
OFF16h | 00006h R5| 01080h OFF16h | 00006h R5( 01080h
OFF14h | 00002h R6| 0108Ch OFF14h | 00002h R6| 0108Ch
OFF12h | 04596h | PC OFF12h | 04596h
0108Ch
01094h | Oxxxxh +0006h 01094h | Oxxxxh
01092h | 05555h 01092h  1092n ["01234n
01090h | Oxxxxh 01090h | Oxxxxh
01080h
01084h | Oxxxxh +0002h 01084h [ Oxxxxh
01082h
01082h | 01234h 01082h | 01234h
01080h [ Oxxxxh 01080h | Oxxxxh
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5.2.3 Symbolic Mode

The symbolic mode is described in Table 5-7.

Table 5-7. Symbolic Mode Description

Assembler Code Content of ROM
MOV EDE,TONI MOV X(PC),Y(PC)
X =EDE -PC
Y = TONI - PC
Length: Two or three words
Operation: Move the contents of the source address EDE (contents of

PC + X) to the destination address TONI (contents of PC +Y).
The words after the instruction contain the differences
between the PC and the source or destination addresses.
The assembler computes and inserts offsets X and Y
automatically. With symbolic mode, the program counter (PC)
is incremented automatically so that program execution
continues with the next instruction.

Comment: Valid for source and destination
Example: MOV EDE,TONI ;Source address EDE = 0F016h,
:dest. address TONI=01114h
Before: After:
Address Register Address Register
Space Space
Oxxxxh | PC
OFF16h 011FEh OFF16h 011FEh
OFF14h 0OF102h OFF14h 0F102h
OFF12h 04090h | PC OFF12h 04090h
OFF14h
0F018h Oxxxxh +0F102h 0F018h Oxxxxh
OFo16h | 0A123h OF016h  4rp16h [ 0A123N
0F014h Oxxxxh 0F014h Oxxxxh
OFF16h
01116h | Oxxxxh +011FEh 01116h | Oxxxxh
01114h
01114h 01234h 01114h 0A123h
01112h Oxxxxh 01112h Oxxxxh
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5.2.4 Absolute Mode

The absolute mode is described in Table 5-8.

Table 5-8. Absolute Mode Description

Addressing Modes

Assembler Code

Content of ROM

MOV &EDE,&TONI

MOV X(0),Y(0)

X =EDE

Y = TONI

Length:

Operation:

Comment:

Example:

Before:

OFF16h
OFF14h
OFF12h

0F018h
0F016h
0F014h

01116h
01114h
01112h

Two or three words

Move the contents of the source address EDE to the
destination address TONI. The words after the instruction
contain the absolute address of the source and destination
addresses. With absolute mode, the PC is incremented
automatically so that program execution continues with the
next instruction.

Valid for source and destination

MOV &EDE,&TONI

Address
Space

01114h

0F016h

04292h

Oxxxxh

0A123h

Oxxxxh

Oxxxxh

01234h

Oxxxxh

PC

Register

After:

OFF16h
OFF14h
OFF12h

0F018h
0F016h
0F014h

01116h
01114h
01112h

Address
Space
Oxxxxh

01114h

0F016h

04292h

Oxxxxh

0A123h

Oxxxxh

Oxxxxh

0A123h

Oxxxxh

:Source address EDE = 0F016h,
:dest. address TONI=01114h

Register

PC

This address mode is mainly for hardware peripheral modules that are located
at an absolute, fixed address. These are addressed with absolute mode to
ensure software transportability (for example, position-independent code).
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Table 5-9. Indirect Mode Description

5-12

Indirect Mode

The indirect mode is described in table 5-9.

Assembler Code

Content of ROM

MOV @R10,0(R11)

MOV @R10,0(R11)

Length:

Operation:

Comment:

Example:

Before:

OFF16h
OFF14h
OFF12h

O0FA34h
0FA32h
OFA30h

002A8h
002A7h
002A6h

Address
Space
Oxxxxh

One or two words

Move the contents of the source address (contents of R10) to
the destination address (contents of R11). The registers are
not modified.

Valid only for source operand. The substitute for destination
operand is O(Rd).

MOV.B @R10,0(R11)

0000h

R10

04AEBh

PC R11

0xxxxh

Oxxxxh

05BC1lh

Oxxxxh

Oxxh

012h

Oxxh

Register

OFA33h

002A7h

OFF16h
OFF14h
OFF12h

OFA34h
O0FA32h
OFA30h

002A8h
002A7h
002A6h

Address
Space
Oxxxxh

0000h

04AEBh

Oxxxxh

Oxxxxh

05BC1h

Oxxxxh

Oxxh

05Bh

Oxxh

PC
R10
R11

Register

OFA33h

002A7h




5.2.6 Indirect Autoincrement Mode

Addressing Modes

The indirect autoincrement mode is described in Table 5-10.

Table 5-10. Indirect Autoincrement Mode Description

Assembler Code

Content of ROM

MOV @R10+,0(R11)

MOV @R10+,0(R11)

Length:

Operation:

Comment:

Example:

Before:

OFF18h
OFF16h

OFF14h
OFF12h

OFA34h
OFA32h
OFA30h

010AAh
010A8h
010A6h

One or two words

Move the contents of the source address (contents of R10) to

the destination address (contents of R11). Register R10 is
incremented by 1 for a byte operation, or 2 for a word
operation after the fetch; it points to the next address without

any overhead. This is useful for table processing.

Valid only for source operand. The substitute for destination

operand is O(Rd) plus second instruction INCD Rd.

Address
Space

Oxxxxh

00000h

04ABBh

0xxxxh

Oxxxxh

05BC1h

Oxxxxh

Oxxxxh

01234h

Oxxxxh

R10
pPC R11

MOV @R10+,0(R11)

Register

0FA32h
010A8h

OFF18h
OFF16h

OFF14h
OFF12h

OFA34h
O0FA32h
OFA30h

010AAh
010A8h
010A6h

Address
Space

Oxxxxh

PC

00000h

R10

04ABBh

R11

Oxxxxh

Oxxxxh

05BC1h

Oxxxxh

Oxxxxh

05BC1h

Oxxxxh

Register

OFA34h

010A8h

The autoincrementing of the register contents occurs after the operand is
fetched. This is shown in Figure 5-6.

Figure 5-6. Operand Fetch Operation

Instruction

Address

Operand

+1/ +2

16-Bit CPU
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Immediate Mode

The immediate mode is described in Table 5-11.

Table 5-11. Immediate Mode Description

5-14

Assembler Code Content of ROM
MOV #45,TONI MOV @PC+,X(PC)
45
X =TONI-PC

Length:

Operation:

Comment:

Example:

Before:

OFF16h
OFF14h
OFF12h

010AAhN
010A8h
010A6h

Two or three words

It is one word less if a constant of CG1 or CG2 can be used.

Move the immediate constant 45, which is contained in the
word following the instruction, to destination address TONI.
When fetching the source, the program counter points to the
word following the instruction and moves the contents to the

destination.

Valid only for a source operand.

MOV #45,TONI
After:

Address Register Address

Space Space
OFF18h | Oxxxxh
01192h OFF16h | 01192h
00045h OFF14h 00045h
040BOh | PC OFF12h 040B0Oh

OFF16h

Oxxxxh +01192h  010AAh Oxxxxh
01234h 010A8h  510a8h [ 00045h
0xxxxh 010A6h Oxxxxh

Register

PC



5.2.8 Clock Cycles, Length of Instruction

Addressing Modes

The operating speed of the CPU depends on the instruction format and
addressing modes. The number of clock cycles refers to the MCLK.

5.2.8.1 Format-I Instructions

Table 5-12 describes the CPU format-I instructions and addressing modes.

Table 5-12. Instruction Format | and Addressing Modes

Address Mode No. of Length of Example
As Ad Cycles Instruction
00, Rn 0, Rm 1 1 MOV R5,R8
0, PC 2 1 BR R9
00, Rn 1, x(Rm) 4 2 ADD  R5,3(R6)
1, EDE 2 XOR R8,EDE
1, &EDE 2 MOR R5,&EDE
01, x(Rn) 0,Rm 3 2 MOV  2(R5),R7
01, EDE 2 AND  EDE,R6
01, &EDE 2 MOV  &EDE,R8
01, x(Rn) 1, x(Rm) 6 3 ADD  3(R4),6(R9)
01, EDE 1, TONI 3 CMP  EDE,TONI
01, &EDE 1, &TONI 3 MOV  2(R5),&TONI
3 ADD  EDE,&TONI
10, @Rn  0,Rm 1 AND @R4,R5
10, @Rn 1, x(Rm) 2 XOR  @R5,8(R6)
1, EDE 2 MOV  @R5,EDE
1, &EDE 2 XOR @R5,&EDE
11, @Rn+ 0, Rm 2 1 ADD @R5+,R6
0, PC 3 1 BR @R9+
11, #N 0, Rm 2 2 MOV  #20,R9
0, PC 3 2 BR #2AEh
11, @Rn+ 1, x(Rm) 5 2 MOV  @R9+,2(R4)
11, #N 1, EDE 3 ADD  #33,EDE
11, @Rn+ 1, &EDE 2 MOV  @R9+,&EDE
11, #N 3 ADD  #33,&EDE
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5.2.8.2 Format-Il Instructions

Table 5-13 describes the CPU format Il instructions and addressing modes.

Table 5-13. Instruction Format-Il and Addressing Modes

No. of Cycles
RRA
RRC Length of
Address Mode SWPB PUSH/ Instruction
As/d) SXT CALL (words) Example
00, Rn 1 3/4 1 SWPB R5
01, X(Rn) 4 5 2 CALL 2(R7)
01, EDE 4 5 2 PUSH EDE
01, &EDE SXT &EDE
10, @Rn 3 4 1 RRC @R9
11, @Rn+ 3 4/5 1 SWPB @R10+
(see Note) CALL #81H
11, #N 2

Note: Instruction Format Il Immediate Mode

Do not use instructions RRA, RRC, SWPB, and SXT with the immediate
mode in the destination field. Use of these in the immediate mode will result
in an unpredictable program operation.

5.2.8.3 Format-Ill Instructions

Format-I1l instructions are described as follows:

Jxx—all instructions need the same number of cycles, independent of
whether a jump is taken or not.

Clock cycle: Two cycles

Length of instruction: ~ One word

5.2.8.4 Miscellaneous-Format Instructions

Table 5-14 describes miscellaneous-format instructions.

Table 5-14. Miscellaneous Instructions or Operations

Activity Clock Cycle
RETI 5 cycles

1 wordt
Interrupt 6 cycles
WDT reset 4 cycles
Reset (RST/NMI) 4 cycles

t Length of instruction
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5.3 Instruction Set

Instruction Set Overview

Overview

This section gives a short overview of the instruction set. The addressing
modes are described in Section 5.2.

Instructions are either single or dual operand or jump.

The source and destination parts of an instruction are defined by the following

fields:
src The source operand defined by As and S-reg
dst The destination operand defined by Ad and D-reg
As The addressing bits responsible for the addressing mode used
for the source (src)
S-reg The working register used for the source (src)
Ad The addressing bits responsible for the addressing mode used
for the destination (dst)
D-reg The working register used for the destination (dst)
B/W Byte or word operation:

0: word operation
1: byte operation

Note: Destination Address

Destination addresses are valid anywhere in the memory map. However,
when using an instruction that modifies the contents of the destination, the
user must ensure the destination address is writeable. For example, a
masked-ROM location would be a valid destination address, but the contents
are not modifiable, so the results of the instruction would be lost.
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Instruction Set Overview

5.3.1 Double-Operand Instructions

Figure 57 illustrates the double-operand instruction format.

Figure 5-7. Double Operand Instruction Format
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Opcode S-Reg Ad | B/W As D-Reg

Table 5-15 describes the effects of an instruction on double operand
instruction status bits.

Table 5-15. Double Operand Instruction Format Results

Mnemonic S-Reg, D-Reg Operation Status Bits

Y, N z C
MOV src,dst src —> dst - - - -
ADD src,dst src + dst —> dst * * * *
ADDC src,dst src + dst + C —> dst * * * *
SuB src,dst dst + .not.src + 1 —> dst * * * *
SUBC src,dst dst + .not.src + C —> dst * * * *
CMP src,dst dst — src * * * *
DADD src,dst src + dst + C —> dst (dec) * * * *
AND src,dst src .and. dst —> dst 0 * * *
BIT src,dst src .and. dst 0 * * *
BIC src,dst .not.src .and. dst —> dst - — - -
BIS src,dst src .or. dst —> dst - - - -
XOR src,dst src .xor. dst —> dst * * * *

* The status bit is affected

- The status bit is not affected
0 The status bit is cleared

1 The status bit is set

Note: Instructions CMP and SUB

The instructions CMP and SUB are identical except for the storage of the
result. The same is true for the BIT and AND instructions.
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5.3.2 Single-Operand Instructions

Figure 5-8 illustrates the single-operand instruction format.

Figure 5-8. Single Operand Instruction Format
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Opcode B/W Ad D/S-Reg

Table 5-16 describes the effects of an instruction on the single operand
instruction status bits.

Table 5-16. Single Operand Instruction Format Results

Mnemonic S-Reg, D-Reg Operation Status Bits
\% N Z C
RRC dst C—>MSB—>....... LSB—>C * * * *
RRA dst MSB —> MSB —>....LSB —>C 0 * * *
PUSH src SP -2 ->SP, src —> @ SP - - - -
SWPB dst swap bytes - - - -
CALL dst SP-2->SP - - - -
PC+2 —> stack, dst —> PC
RETI TOS —> SR, SP <-SP + 2 X X X X
TOS —>PC,SP<-SP +2
SXT dst Bit 7 —> Bit 8........ Bit 15 0 * * *

* The status bit is affected

—  The status bit is not affected
0 The status bit is cleared

1 The status bit is set

All addressing modes are possible for the CALL instruction. If the symbolic
mode (ADDRESS), the immediate mode (#N), the absolute mode (&EDE) or
the indexed mode X (RN) is used, the word that follows contains the address
information.
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5.3.3 Conditional Jumps

Conditional jumps support program branching relative to the program counter.
The possible jump range is from —511 to +512 words relative to the program
counter state of the jump instruction. The 10-bit program-counter offset value
is treated as a signed 10-bit value that is doubled and added to the program
counter. None of the jump instructions affect the status bits.

The instruction code fetch and the program counter increment technique end
with the formula:

PChew = PCqlg + 2 + PCoffset X 2

Figure 5-9 shows the conditional-jump instruction format.

Figure 5-9. Conditional-Jump Instruction Format

15

14

13

12 11 10 9 8 7 6 5 4 3 2 1 0

Opcode

C 10-Bit PC Offset

Table 5-17 describes these conditional-jump instructions.

Table 5-17.Conditlonal-Jump Instructions

5-20

Mnemonic S-Reg, D-Reg  Operation

JEQ/IZ Label Jump to label if zero bit is set
JNE/INZ Label Jump to label if zero bit is reset
JC Label Jump to label if carry bit is set
JNC Label Jump to label if carry bit is reset
IN Label Jump to label if negative bit is set
JGE Label Jump to label if (N .XOR. V) =0
JL Label Jump to label if (N .XOR. V) =1
JMP Label Jump to label unconditionally




Instruction Set Overview

5.3.4 Short Form of Emulated Instructions

The basic instruction set, together with the register implementations of the
program counter, stack pointer, status register, and constant generator, form
the emulated instruction set; these make up the popular instruction set. The
status bits are set according to the result of the execution of the basic
instruction that replaces the emulated instruction.

Table 5-18 describes these instructions.

Table 5-18. Emulated Instructions

Mnemonic

Description Status Bits Emulation
\% N z C

Arlthmetic Instructions

ADCI[.W] dst Add carry to destination * * * *  ADDC #0,dst
ADC.B dst Add carry to destination * * * * ADDC.B #0,dst
DADC[.W] dst Add carry decimal to destination * * * *  DADD #0,dst
DADC.B dst Add carry decimal to destination * * * * DADD.B #0,dst
DEC[.W] dst Decrement destination * * * *  SUB #1,dst
DEC.B dst Decrement destination * * * *  SUB.B #1,dst
DECD[.W] dst Double-decrement destination * * * *  SUB #2,dst
DECD.B dst Double-decrement destination * * * *  SUB.B #2,dst
INC[.W] dst Increment destination * * * * ADD #1,dst
INC.B dst Increment destination * * * * ADD.B #1,dst
INCD[.W] dst Increment destination * * * * ADD #2,dst
INCD.B dst Increment destination * * * * ADD.B #2,dst
SBC[.W] dst Subtract carry from destination * * * *  SUBC #0,dst
SBC.B dst Subtract carry from destination * * * *  SUBC.B #0,dst
Logical Instructions

INV[.W] dst Invert destination * * * *  XOR #0FFFFh,dst
INV.B dst Invert destination * * * *  XOR.B #-1,dst
RLA[W] dst Rotate left arithmetically * * * *  ADD dst,dst
RLA.B dst Rotate left arithmetically * * * * ADD.B dst,dst
RLC[.W] dst Rotate left through carry * * * *  ADDC dst,dst
RLC.B dst Rotate left through carry * * * * ADDC.B dst,dst
Data Instructions (common use)

CLR[.W] Clear destination - - - - MoV #0,dst
CLR.B Clear destination - — - -  MOV.B #0,dst
CLRC Clear carry bit - - - 0 BIC #1,SR
CLRN Clear negative bit - 0 - - BIC #4,SR
CLRz Clear zero bit - — 0 - BIC #2,SR
POP dst Item from stack - — - - MOV @SP+,dst
SETC Set carry bit - - - 1 BIS #1,SR
SETN Set negative bit - 1 - - BIS #4,SR
SETZ Set zero bit — - 1 - BIS #2,SR
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Table 5-18. Emulated Instructions (Continued)

Mnemonic

Description Status Bits Emulation

\Y, N 4 C

Data Instructions (common use) (continued)

TSTL.W] dst Test destination 0 * * *  CMP #0,dst
TST.B dst  Test destination 0 * * *  CMP.B #0,dst
Program Flow Instructions

BR dst Branchto... - - — - MOV dst,PC
DINT Disable interrupt - - - - BIC #8,SR
EINT Enable interrupt — - — - BIS #8,SR
NOP No operation - - - - MOV #0h,#0h
RET Return from subroutine — - — - MOV @SP+,PC

5.3.5 Miscellaneous

5-22

Instructions without operands, such as CPUOff, are not provided. Their
functions are switched on or off by setting or clearing the function bits in the
status register or the appropriate I/O register. Other functions are emulated

using dual operand instructions.
Some examples are as follows:

BIS #28h,SR : Enter OscOff mode

; + Enable general interrupt (GIE)
BIS #18h,SR ; Enter CPUOff mode

; + Enable general interrupt (GIE)
BIC #SVCC,&ACTL ; Switch SVCC off



5.4 Instruction Map

Instruction Map

The instruction map in Figure 5-10 is an example of how to encode
instructions. There is room for more instructions, if needed.

Figure 5-10. Core Instruction Map

000 040 080 O0CO 100 140 180 1CO 200 240 280 2CO 300 340 380 3CO
0x

04x

08x

0Cx

10x | RRC |RRC.B | SWPB RRA | RRAB| SXT PUSH [PUSH.B| CALL RETI

14x

18x

1Cx

20x JNE/INZ

24x JEQNIZ

28x JNC

2Cx JC

30x JN

34x JGE

38x JL

3Cx JMP
40x—4Cx MOV, MOV.B
50x-5Cx ADD, ADD.B
60x—6Cx ADDC, ADDC.B
70x—7Cx SUBC, SUBC.B
80x—8Cx SUB, SUB.B
90x—9Cx CMP, CMP.B
AOx—ACx DADD, DADD.B
BOXx—BCx BIT, BIT.B
COx-CCx BIC, BIC.B
DOx-DCx BIS, BIS.B
EOXx—ECx XOR, XOR.B
FOx—FCx AND, AND.B
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Chapter 6

Hardware Multiplier

The hardware multiplier is a 16-bit peripheral module. It is not integrated into
the CPU. Therefore, it requires no special instructions and operates
independent of the CPU. To use the hardware multiplier, the operands are
loaded into registers and the results are available the next instruction—no
extra cycles are required for a multiplication.

Topic Page
6.1 Hardware Multiplier Module Support — ......... ... .. ... ... 6:2
6.2 Hardware Multiplier Operation ... .. .. ... 6-3
6.3 Hardware Multiplier Registers — .............c ... 6-9
6.4 Hardware Multiplier Special Function Bits ~ .................... 6-10
6.5 Hardware Multiplier Software Restrictions  ................... 6-10
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Hardware Multiplier Module Support

6.1 Hardware Multiplier Module Support

The hardware multiplier module expands the capabilities of the MSP430
family without changing the basic architecture. Multiplication is possible for:

[ 16x16 bits
[ 16x8 bits
[0 8x16 bits
] 8x8 bhits

The hardware multiplier module supports four types of multiplication: unsigned
multiplication (MPY), signed multiplication (MPYS), unsigned multiplication
with accumulation (MAC), and signed multiplication with accumulation
(MACS). Figure 6-1 shows how the hardware multiplier module interfaces
with the bus system to support multiplication operations.

Figure 6—1. Connection of the Hardware Multiplier Module to the Bus System
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Hardware Multiplier Operation

6.2 Hardware Multiplier Operation

The hardware multiplier has two 16-bit registers for both operands and three
registers to store the results of the multiplication. The multiplication is
executed correctly when the first operand is written to the operand register
OP1 prior to writing the second operand to OP2. Writing the first operand to
the applicable register selects the type of multiplication. Writing the second
operand to OP2 starts the multiplication. Multiplication is completed before the
result registers are accessed using the indexed address mode for the source
operand. When indirect or indirect autoincrement address modes are used,
another instruction is needed between the writing of the second operand and
accessing the result registers. Both operands, OP1 and OP2, utilize all seven
address mode capabilities.

No instruction is necessary for the multiplication; as a result, the real-time
operation does not require additional clock cycles and the interrupt latency is
unchanged.

The multiplier architecture is illustrated in Figure 6-2.

Figure 6-2. Block Diagram of the MSP430 16x16-Bit Hardware Multiplier

15 rw 0

MPY 130h 15 rw 0 15 rw 0
Operand 1 ["\15vs 1300 Operand 1 Operand 2 138h
(address
defines | MAC 134h ’ Mode
operation)
MACS 136h 16 x 16 Multiplier

D Accessible Register

0000

b :

MACS
MPYS

MAC

MPY
Mode—b\ Multiplexer

L

/ 4

L

Product Register

32-Bit Adder

MAC, MACS

/4— Mode

MPY, MPYS
32-Bit Multiplexer

| SumExt 13Eh I (@

15 r

0

7

Accumulator ACC
SumHi 13Ch SumLo 013Ah
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Hardware Multiplier Operation

The sum extension register contents differ, depending on the operation and
on the results of the operation.

Table 6—1. Sum Extension Register Contents

Register MPY MPYS MAC MACS, see Notes
Operandl X + - + + (OP1xOP2 + (OP1xOP2 + (OP1xOP2+ (OP1xOP2 +
ACC) < ACC) > ACC) > ACC) <
Operand2 X + - - - OFFFFFFFFh OFFFFFFFFh O7FFFFFFFh  O7FFFFFFFh
SumExt 0000h 0000h  OFFFFh 0000h 0001h OFFFFh 0000h
Note:  The following two overflow conditions may occur when using the MACS function and should be handled by software or
avoided.

1) Theresultof a MACS operation is positive and larger than 07FFF FFFFh. In this case, the SumExt register contains
OFFFFh and the ACC register contains a negative number (8000 0000h .... OFFFF FFFFh).

2) Theresultofa MACS operation is negative and less than or equal to 07FFF FFFFh. In this case, the SumExt register
contains 0000h and the ACC register contains a positive number (0000 0000h ... 07FFF FFFFh).



Hardware Multiplier Operation

6.2.1 Multiply Unsigned, 16 x16 bit, 16 x 8 bit, 8 x 16 bit, 8 x 8 bit

The following multiplication operation shows 32 bytes of program code and 32
execution cycles (16 x16 bit multiplication).

LT * * * * * *hkkkkhkhkhhkhkhhx *

* TRANSFER BOTH OPERANDS TO THE REGISTERS IN THE *
* HARDWARE MULTIPLIER MODULE *
* USE CONSTANT OPERAND1 AND OPERAND2 TO IDENTIFY *
* BYTE DATA *
OPERAND1.EQU 0 : 0: OPERAND1 IS WORD (16BIT)

- 8: OPERANDL IS BYTE ( 8BIT)
OPERAND2 .EQU 0 - 0: OPERAND2 IS WORD (16BIT)

: 8: OPERAND2 IS BYTE ( 8BIT)
MPY EQU  0130H
MPYS  .EQU  0132H
MAC EQU  0134H
MACS .EQU  0136H
oP2 EQU  0138H

RESLO .EQU 013AH

RESHI .EQU 013CH

SUMEXT .EQU 013EH
.BSS OPER1,2,200H
.BSS OPERZ2,2
.BSS RAM,8

.IF OPERAND1=8
MOV.B &OPERL,&MPY ; LOAD 1ST OPERAND,
; DEFINES ADD. UNSIGNED MULTIPLY

.ELSE
MOV &OPER1,&MPY ; LOAD 1ST OPERAND,
; DEFINES ADD. UNSIGNED MULTIPLY

.ENDIF

.IF OPERAND1=8

MOV.B &OPER2,&0P2 ; LOAD 2ND OPERAND AND START
; MULTIPLICATION

.ELSE

MOV &OPER2,&0P2 ; LOAD 2ND OPERAND AND START
; MULTIPLICATION

.ENDIF

** *% *% *% *% *% *% *kkkkkkk *% *% *

EXAMPLE TO ADD THE RESULT OF THE HARDWARE *
MULTIPLICATION TO THE RAM DATA, 64BITS *

ADD &RESLO,&RAM  ; ADD LOW RESULT TO RAM

ADDC &RESHI,&RAM+2 ; ADD HIGH RESULT TO RAM+2

ADC &RAM+4 ; ADD CARRY TO EXTENSION WORD
ADC &RAM+6 ; IF 64 BIT LENGTH IS USED
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Hardware Multiplier Operation

6.2.2 Multiply Signed, 16 x16 bit, 16 x8 bit, 8 x16 bit, 8 x8 bit

6-6

The following multiplication operation shows 36 bytes of program code and 36
execution cycles (16x16 bit multiplication).

*kkkkkhkhkhhkhkhhx * * * * * *kkkkkkk

TRANSFER BOTH OPERANDS TO THE REGISTERS IN THE *
HARDWARE MULTIPLIER MODULE *
IF ONE OF THE OPERANDS IS 8 BIT, SIGN EXTENSION *

is NEEDED. USE CONSTANT OPERAND1 AND OPERAND2 TO *

* % X ok ok

IDENTIFY BYTE DATA *
OPERAND1 .EQU 0 ; 0: OPERAND1 IS WORD (16BIT)
; 8: OPERANDL IS BYTE ( 8BIT)
OPERAND2 .EQU O ; 0: OPERAND2 IS WORD (16BIT)

; 8: OPERAND2 IS BYTE ( 8BIT)

MPY  .EQU 0130H
MPYS .EQU 0132H
MAC  .EQU 0134H
MACS .EQU 0136H
OP2 .EQU 0138H
RESLO .EQU 013AH
RESHI .EQU 013CH
SUMEXT.EQU  013EH

.BSS OPERL,2,200H

BSS OPER2,2

BSS RAM,8

.IF OPERAND1=0
MOV &OPER1,&MPYS ; LOAD 1ST (WORD) OPERAND,
; DEFINES ADD. SIGNED MULTIPLY

.ELSE
MOV.B &OPER1,&MPYS ; LOAD 1ST (BYTE) OPERAND,
; DEFINES ADD. SIGNED MULTIPLY
SXT &MPYS ; EXPAND BYTE TO SIGNED WORD DATA
.ENDIF
.IF OPERAND2=0
MOV &OPER2,&0P2 ; LOAD 2ND (WORD) OPERAND AND
; START SIGNED MULTIPLICATION

.ELSE

MOV.B &OPER2,&0P2 ;LOAD 2ND (BYTE) OPERAND,

SXT &0OP2 ; RE-LOAD 2ND OPERAND AND START
; SIGNED ‘FINAL" MULTIPLICATION

.ENDIF

*kkkkkkkhkkhkhkkhx * * * *hkkhkkkkhkkkkhkkk

EXAMPLE TO ADD THE RESULT OF THE HARDWARE *
* MULTIPLICATION TO THE RAM DATA, 64 BITS *

*kkkkkkkkhkkkkhkkkkx *% *% *% *% * *kkkkk

ADD &RESLO,&RAM ; ADD LOW RESULT TO RAM

ADDC &RESHI,&RAM+2 ; ADD HIGH RESULT TO RAM+2
ADDC &SUMEXT,&RAM+4; ADD SIGN WORD TO EXTENSION WORD
ADDC &SUMEXT,&RAM+6; IF 64 BIT LENGTH IS USED



Hardware Multiplier Operation

6.2.3 Multiply Unsigned and Accumulate, 16x16bit, 16x8bit, 8x16bit, 8x8bit

The following multiplication operation shows 32 bytes of program code and 32
execution cycles (16X16-bit multiplication).

*% *%

L T R

*% *% *% *% *% *kkkhkkkkhkkkk *% *

TRANSFER BOTH OPERANDS TO THE REGISTERS IN THE *
HARDWARE MULTIPLIER MODULE *
THE RESULT OF THE MULTIPLICATION IS ADDED TO THE *
CONTENT OF BOTH RESULT REGISTERS, RESLO AND RESHI *
USE CONSTANT OPERAND1 AND OPERAND2 TO IDENTIFY *

BYTE DATA *

OPERAND1.EQU 0 - 0: OPERANDL1 IS WORD (16BIT)
- 8: OPERAND1 IS BYTE ( 8BIT)

OPERAND2 .EQU 0 : 0: OPERAND2 IS WORD (16BIT)
- 8: OPERAND2 IS BYTE ( 8BIT)

MPY EEQU  0130H

MPYS .EQU  0132H

MAC EQU  0134H

MACS .EQU  0136H

oP2 EQU  0138H

RESLO .EQU  013AH

RESHI .EQU  013CH

SUMEXT .EQU 013EH

.BSS OPER1,2,200H
.BSS OPERZ2,2
.BSS RAM,8

.IF OPERAND1=8
MOV.B &OPER1,&MAC ; LOAD 1ST OPERAND,
; DEFINES ADD. UNSIGNED MULTIPLY

.ELSE
MOV &OPER1,&MAC ; LOAD 1ST OPERAND,
; DEFINES ADD. UNSIGNED MULTIPLY

.ENDIF

.IF OPERAND1=8

MOV.B &OPER2,&0P2 ; LOAD 2ND OPERAND AND START
; MULTIPLICATION

.ELSE

MOV &OPER2,&0P2 ; LOAD 2ND OPERAND AND START
; MULTIPLICATION

.ENDIF

e * *hkkkhhkhkhhkhkhhkhkhhkhrrhxhrrhx

EXAMPLE TO ADD THE RESULT OF THE HARDWARE *
MULTIPLICATION TO THE RAM DATA, 64BITS *
THE RESULT OF THE MULTIPLICATION IS HELD IN RESLO*
AND RESHI REGISTERS. THE UPPER TWO WORDS IN THE *

EXAMPLE ARE FURTHER LOCATED IN THEIR RAM LOCATION*

*hkkhkkkkhkkkkhkkhkhkkhkhrxkk

ADDC &SUMEXT,&RAM+4 ; ADD SUMEXTENSTION TO RAM+4
ADC &RAM+6 ; IF 64 BIT LENGTH IS USED
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6.2.4 Multiply Signed and Accumulate, 16x16bit, 16x8bit, 8x16bit, 8x8bit

*  TRANSFER BOTH OPERANDS TO THE REGISTERS IN THE HARDWARE  *

*  MULTIPLIER MODULE *
*  USE CONSTANT OPERAND1 AND OPERAND 2 TO IDENTIFY BYTE DATA *

OPERANDL .EQU O :0: OPERANDL1 IS WORD (16BIT)
: 8: OPERAND1 IS BYTE ( 8BIT)

OPERAND2 .EQU O : 0: OPERAND2 IS WORD (16BIT)
- 8: OPERAND2 IS BYTE ( 8BIT)

MPY EQU  0130H

MPYS EQU  0132H

MAC EQU  0134H

MACS EQU  0136H

oP2 EQU  0138H

RESLO EQU  013AH

RESHI EQU  013CH

SUMEXT EQU  013EH

MAXMACS EQU  32H :NUMBER OF MACS FUNCTIONS WHICH COULD

;BE EXECUTED TILL AN OVERFLOW OR UNDERFLOW
;COULD OCCUR THE FIRST TIME
.BSS OPER1,2,200H
.BSS OPER2,2
.BSS RAM,8
.BSS MCOUNT,2
.IF OPERAND1=8
MOV.B &OPER1,&MACS ; LOAD 1ST OPERAND,
; DEFINES ADD. UNSIGNED MULTIPLY
SXT &MACS ; EXPAND BYTE TO SIGNED WORD DATA
.ELSE
MOV &OPER1,&MACS ; LOAD 1ST OPERAND,
; DEFINES ADD. UNSIGNED MULTIPLY

ENDIF
IF OPERAND1=8
SXT &OPER2 ; OPER2 MEMORY LOCATION NEEDS
;2 BYTES
MOV.B &OPER2,&0P2  ;LOAD 2ND OPERAND AND START
; MULTIPLICATION
ELSE
MOV &OPER2,&0P2  ; LOAD 2ND OPERAND AND START
; MULTIPLICATION
ENDIF

*  EXAMPLE TO ADD THE RESULT OF THE HARDWARE MULTIPLICATION *
*  TO THE RAM DATA IF NECESSARY *

*  THE RESULT OF THE MULTIPLICATION IS HELD IN RESLO AND *

*  RESHI REGISTERS. THE UPPER TWO WORDS IN THE EXAMPLE ARE  *
*  FURTHER LOCATED IN THEIR RAM LOCATION *

INC MCOUNT ; INC MACS COUNTER
CMP #MAXMACS,MCOUNT ; ONLY ADD TO RAM IF NECESSARY
JNE NEXTMACS ;

ADDC &RESLO,&RAM+0 ; ADD SUMEXTENSION TO RAM+0
ADDC &RESHI,&RAM+2 ; ADD SUMEXTENSION TO RAM+2
ADDC &SUMEXT,&RAM+4 ; ADD SUMEXTENSION TO RAM+4
ADDC &SUMEXT,&RAM+6 ; IF 64 BIT LENGTH IS USED

CLR MCOUNT

NEXTMACS
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6.3 Hardware Multiplier Registers

Hardware multiplier registers are word structured, but can be accessed using
word or byte processing instructions. Table 6-2 describes the hardware
multiplier registers.

Table 6-2. Hardware Multiplier Registers

Register Short Form Register Type Address Initial State
Multiply Unsigned (Operandl) MPY Read/write 0130h Unchanged
Multiply Signed (Operandl) MPYS Read/write 0132h Unchanged
Multiply+Accumulate (Operandl) MAC Read/write 0134h Unchanged
Multiply Signed+Accumulate (Operandl) MACS Read/write 0136h Unchanged
Second Operand OP2 Read/write 0138h Unchanged
Result Low Word ResLo Read/write 013Ah Undefined
Result High Word ResHi Read/write 013Ch Undefined
Sum Extend SumExt Read 013Eh Undefined

Two registers are implemented for both operands, OP1 and OP2, as shown
in Figure 6-3. Operand 1 uses four different addresses to address the same
register. The different address information is decoded and defines the type of
multiplication operation used.

Figure 6-3. Registers of the Hardware Multiplier

15 0
MPY (130h),MPYS (132h) Operand 1, OP1
MAC (134h), MACS(136h)
OP2 (138h) Operand 2, OP2
ResLo (13Ah) Result Low Word, ResLo
ResHi (13Ch) Result High Word, ResHi
SumExt (13Eh) Sum Extension Word, SumExt

The multiplication result is located in two word registers: result high (RESHI)
and result low (RESLO). The sum extend register (SumExt) holds the result
sign of a signed operation or the overflow of the multiply and accumulate
(MAC) operation. See Section 6.5.3 for a description of overflow and
underflow when using the MACS operations.

All registers have the least significant bit (LSB) at bitO and the most significant
bit (MSB) at hit7 (byte data) or bitl5 (word data).
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6.4 Hardware Multiplier Special Function Bits

Because the hardware multiplier module completes all multiplication
operations quickly, without interrupt intervention, no special function bits are
used.

6.5 Hardware Multiplier Software Restrictions

Two restrictions require attention when the hardware multiplier is used:

(1 Theindirect or indirect autoincrement address mode used to process the
result

[ The hardware multiplier used in an interrupt routine

6.5.1 Hardware Multiplier Software Restrictions—Address Mode

6-10

The result of the multiplication operation can be accessed in indexed, indirect,
or indirect autoincrement mode. The result registers may be accessed without
any restrictions if you use the indexed address mode including the symbolic
and absolute address modes. However, when you use the indirect and indirect
autoincrement address modes to access the result registers, you need at least
one instruction between loading the second operand and accessing one of the
result registers.

khkkkhkkhkhkkhkhhkhxhhrhxk *% *% * *kkkkkkkkkk

* EXAMPLE: MULTIPLY OPERAND1 AND OPERAND2
RESLO .SET 013AH ; RESLO = ADDRESS OF RESLO
PUSH R5 ; R5 WILL HOLD THE ADDRESS OF

MOV #RESLO,R5 ; THE RESLO REGISTER

MOV &OPER1,&MPY ; LOAD 1ST OPERAND,

; DEFINES ADD. UNSIGNED MULTIPLY
MOV &OPER2,&0P2 ; LOAD 2ND OPERAND AND START

; MULTIPLICATION

*hkkkhhkhkhhkhkhhkhirhx * * * * *kkkkkkk

* EXAMPLE TO ADD THE RESULT OF THE HARDWARE *
* MULTIPLICATION TO THE RAM DATA, 64BITS *
NOP ; MIN. ONE CYCLES BETWEEN MOVING

; THE OPERAND2 TO HW-MULTIPLIER
; AND PROCESSING THE RESULT WITH
; INDIRECT ADDRESS MODE

ADD @R5+,&RAM  ; ADD LOW RESULT TO RAM

ADDC @R5,&RAM+2 ; ADD HIGH RESULT TO RAM+2

ADC &RAM+4 ; ADD CARRY TO EXTENSION WORD
ADC &RAM+6 ; IF 64 BIT LENGTH IS USED
POP R5

The previous example shows that the indirect or indirect autoincrement
address modes, when used to transfer the result of a multiplication operation
to the destination, need more cycles and code than the absolute address
mode. There is no need to access the hardware multiplier using the indirect
addressing mode.
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6.5.2 Hardware Multiplier Software Restrictions—Interrupt Routines
The entire multiplication routine requires only three steps:

1) Move operand OP1 to the hardware multiplier; this defines the type of mul-
tiplication.

2) Move operand OP2 to the hardware multiplier; the multiplication starts.

3) Process the result of the multiplication in the RESLO, RESHI, and
SUMEXT registers.

The following considerations describe the main routines that use hardware
multiplication. If no hardware multiplication is used in the main routine,
multiplication in an interrupt routine is protected from further interrupts,
because the GIE bit is reset after entering the interrupt service routine.
Typically, a multiplication operation that uses the entire data process occurs
outside an interrupt routine and the interrupt routines are as short as possible.

A multiplication operation in an interrupt routine has some feedback to the
multiplication operation in the main routine.

6.5.2.1 Interrupt Following an OP1 Transfer

The two LSBs of the first operand address define the type of multiplication
operation. This information cannot be recovered by any later operation.
Therefore an interrupt must not be accepted between the first two steps: move
operand OP1 and OP2 to the multiplier.

6.5.2.2 Interrupt Following an OP2 Transfer

After the first two steps, the multiplication result is in the corresponding
registers RESLO, RESHI, and SUMEXT. It can be saved on the stack (using
the PUSH instruction) and can be restored after completing another
multiplication operation (using the POP instruction). However, this operation
takes additional code and cycles in the interrupt routine. You can avoid this,
by making an entire multiplication routine uninterruptible, by disabling any
interrupt (DINT) before entering the multiplication routine, and by enabling
interrupts (EINT) after the multiplication routine is completed. The negative
aspect of this method is that the critical interrupt latency is increased drastically
for events that occur during this period.

6.5.2.3 General Recommendation

In general, one should avoid a hardware multiplication operation within an
interrupt routine when a hardware multiplication is already used in the main
program. (This will depend upon the application-specific software, applied
libraries, and other included software.) The methods previously discussed
have some negative implications; therefore, the best practice is to keep
interrupt routines as short as possible.
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6.5.3 Hardware Multiplier Software Restrictions—MACS

6-12

The multiplier does not automatically detect underflow or overflow in the
MACS mode. An overflow occurs when the sum of the accumulator register
and the result of the signed multiplication exceed the maximum binary range.

The binary range of the accumulator for positive numbers is 0 to 231-1
(7FFF FFFFh) and for negative numbers is =1 (OFFFF FFFFh) to —231
(8000 0000h). An overflow occurs when the sum of two negative numbers
yields aresult that is in the range given above for a positive number. An under-
flow occurs when the sum of two positive numbers yields a result that is in the
range for a negative number.

The maximum number of successive MACS instructions without underflow or
overflow is limited by the individual application and should be determined us-
ing a worst-case calculation. Care should then be exercised to not exceed the
maximum number or to handle the conditions accordingly.



Chapter 7

FLL Clock Module

This chapter discusses the FLL clock module used in the MSP430x3xx
families. The FLL clock module in the MSP430x3xx includes a watch-crystal
oscillator, an RC-type digitally-controlled oscillator (DCO), and a frequency-
locked-loop (FLL) to ensure the accuracy of the DCO.
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7.1 The FLL Clock Module

The frequency-locked loop (FLL) clock module (shown in Figure 7-1) follows
the major design targets of low system cost and low-power consumption. The
FLL operates completely using a 32768-Hz watch crystal. A second asynchro-
nous high-speed clock signal is generated on-chip using a digitally-controlled
oscillator (DCO). The DCO frequency is stabilized to a multiple of the watch
crystal frequency by dividing the DCO frequency and digitally locking the two
frequencies. This technique is known as frequency-locked loop.

Figure 7—1. Frequency-Locked Loop
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The FLL module supplies the MSP430x3xx family of devices with two clock
signals and an associated software-selectable buffered clock output.

[0 ACLK, a crystal oscillator signal used by peripheral modules. This signal
isidentical to the frequency of the crystal oscillator input, XIN. ACLK is also
known as ferystal-

[ MCLK, the controller’'s main system clock used by the CPU; this clock is
software selectable for individual peripheral modules. The MCLK is
identical to the frequency generated by the DCO. MCLK is also known as

fsystem-

[0 XBUF, buffered output of either MCLK, ACLK, ACLK/2, ACLK/4, or off.



Crystal Oscillator

7.2 Crystal Oscillator

The crystal oscillator supports low-current consumption by using a 32,768 Hz
watch crystal. The crystal connects to XIN and XOUT without any other
external components. This oscillator generates the ACLK signal which is
available to on-chip peripherals and XBUF.

Two factors determine the choice of the watch crystal:

[ Low-current consumption
] Stable time base

The oscillator operates after applying Vcc. Since the OscOff control bit in the
Status register (SR) is reset. It can be stopped by software by setting the
OscOffbitinthe SR (OscOff = 1). When OscOff mode is selected (see Chapter
3) the ACLK signal is held in a high state.

All components required for crystal operation are integrated into the MSP430
as shown in Figure 7-2. No additional external components are necessary for
operation. Because the oscillator is designed for ultralow-power dissipation,
short connections between the crystal and MSP430 devices should be used
for the PWB layout.

Figure 7-2. Crystal Oscillator Schematic

ACLK

32,768 Hz| —-12 pF
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Digitally-Controlled Oscillator (DCO) and Frequency-Locked Loop

7.3 Digitally-Controlled Oscillator (DCO) and Frequency-Locked Loop

7.3.1 FLL Operation

The DCO is an integrated RC-type oscillator in the MSP430x3xx FLL clock
module. The DCO generates a clock signal called MCLK. The MCLK
generated by the DCO is used by the MSP430x3xx CPU and is available to
on-chip peripherals and XBUF. MCLK is set to an N+1 multiple of ACLK. The
N multiplier is contained in the lowest 7 bits of control register SCFQCTL
(SCFQCTL.6 ... SCFQCTL.0). N is set to 31 on PUC by default, resulting in
an effective ACLK multiplier of 32 and an MCLK of 1.048576 MHz, assuming
that ACLK is 32, 768 Hz.

The multiplier (N+1) sets the frequency of MCLK:
MCLK = (N + 1) x ACLK

MCLK is stabilized using a frequency-locked loop technique. When combined
with the DCO, two important benefits result:

[] Fast start-up. The MSP430x3xx DCO is active in less than 6 us, which
supports extended sleep periods and burst performance.

[ Digital control signals. The DCO starts at exactly the same setting as when
shutoff. Thus a long locking period is not required for normal operation.

User software can modify MCLK by changing the multiplier N at any time. The
exact minimum and maximum MCLK allowed is specified in the device data
sheet.

As with any RC-type oscillator, frequency varies with temperature and voltage.
The FLL hardware automatically stabilizes MCLK. The FLL compares the
ACLK to MCLK/(N+1) and counts up or down a 10-bit frequency integrator.
The MCLK is constantly adjusted to one of 1024 possible settings. The output
of the frequency integrator that drives the DCO can be read in SCFI1 and
SCFIO0. The count is adjusted +1 or —1 with each crystal period (30.5 ps using
32,768 Hz). Of the 10-bits from the frequency integrator, 5-bits are used for
DCO frequency taps and 5-bits are used for a modulator. The 5-bits for the
DCOtap are contained inthe SCFI1 (SCFI1.7 ... SCFI11.3). There are 29 taps
implemented in the DCO (TAPS 28, 29, 30, and 31 are equivalent), each being
approximately 10% higher than the previous. In most applications, a fraction
tap may be required to achieve the programmed MCLK over the full range of
system operation (see Figure 7-3).

Figure 7-3. Fractional Tap Frequency Required
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Digitally-Controlled Oscillator (DCO) and Frequency-Locked Loop

7.3.2 Modulator Operation

The modulator overcomes relatively-large tap steps by mixing a DCO tap with
the next higher-frequency tap DCO+1. The DCO mixing or hop pattern is con-
trolled with 5-bits; thus there are 32 possible mix patterns (see Figure 7-4).
The 5-bits for the modulator are contained in SCFI1 and SCFIO
(SCFI1.2...SCFI1.0, SCFI0.1, and SCFI0.0).

Figure 7—4. Modulator Hop Patterns
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7.3.3 DCO Frequency Range

The fundamental-frequency range of the DCO is centered based on f,gminal
approximately equalto 1 MHz using bits FN_2, FN_3, and FN_4in SCFIO (see
Table 7-1). The range control allows the DCO to operate near the center of the
available taps for a given MCLK.

Table 7-1. The DCO Range Control Bits

FN_4 FN_3 FN_2 MCLK FREQUENCY
0 0 0 1 X frominal
0 0 1 2 X fhominal
0 1 X 3 X fhominal
1 X X 4 X fhominal
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Digitally-Controlled Oscillator (DCO) and Frequency-Locked Loop

7.3.4 Disabling the FLL

FLL loop control and modulation can be disabled independently. FLL loop con-
trol can be disabled by setting the SCGO bit in the status register (SR). In this
case, the DCO runs at the previous tap—open loop. Then the MCLK is not au-
tomatically stabilized to (N+1) x ACLK. The influence of the modulator can be
disabled by setting the modulation bit M (SCFQCTL.7). In this case the MCLK
is stabilized to (N+1) x ACLK every 1024 cycles to the nearest 32 DOC taps.

7.3.5 MCLK Stability

The DCO is absolutely monotonic and the 10-bits of the frequency integrator
continuously count up/down by one. The accuracy of MCLK is the same as that
of ACLK if the FLL is running continuously.

The accumulated error in MCLK tends to zero over a long period. The 10-bit
FLL integrator is automatically adjusted every period of the ACLK. Thus, a
positive frequency deviation over one ACLK period is compensated with a
negative deviation over the next ACLK period. Variation between MCLK clock
periods can be approximately 10% due to the modulator mixing of DCO taps,
while the accumulated system clock error over longer time periods is zero.

7.3.6 Oscillator Fault Detection

7-6

MSP430x3xx devices have a fail-safe mode when the external crystal fails. If
the crystal fails and no ACLK signal is generated, the FLL will continue to count
down to zero in an attempt to lock ACLK and MCLK/(N+1). An internal oscilla-
tor fault is detected if the DCO tap moves out of the range 0<Ndco<28; that
is, an oscillator fault is signaled if the five bits SCFI1.7...SCFI11.3 contain one
the values 0, 28, 29, 30, or 31. An oscillator fault sets the oscillator-fault inter-
rupt flag (OFIFG) in the interrupt flag register 1 (IFG1) permanently as long as
the fault condition is valid. If the oscillator-fault interrupt-enable bit (OFIE) is
set by user software in the interrupt enable register 1 (IE1) and an oscillator
fault occurs, a nonmaskable interrupt (NMI) is generated. When the interrupt
is granted, the OFIE is reset automatically by hardware; user software must
reset OFIFG. The NMI interrupt has two sources. User software must
interrogate the OFIFG bit to determine if the NMI was generated by an oscilla-
tor fault.

Note:

MCLK is active even at the lowest DCO tap. The MCLK signal is available
for the CPU to execute code and service an NMI.




FLL Operating Modes

7.4 FLL Operating Modes

Control bits SCG0, SCG1, OscOff, and CPUO(f in the status register configure
the MSP430x3xx operating modes as discussed in Chapter 3, System Resets,
Interrupts, and Operating Modes.

7.4.1 Starting From Power Up Clear (PUC)

On avalid PUC, SCFQCTL = 31, SCFIO and SCFI1 are cleared, and SCGO,
SCG1, OscOff, and CPUO(f in the status register are reset. The FLL is fully
operational and will adjust the DCO until MCLK = (31+1) x ACLK. Using a
32,768-Hz watch crystal for ACLK, MCLK will stabilize to 1.048576 MHz.

Because the DCO starts at the lowest tap on PUC, enough time must be
allowed for the DCO to settle on the proper tap for normal operation. This is
necessary only after PUC, or when SCFIO and SCFI1 are cleared. 32 ACLK
cycles are required to get from one tap to another. Twenty-nine taps are
implemented, requiring 27 x 32 ACLK cycles as the worst case for the DCO
to settle on the proper tap (taps 0 and 27 are not counted since OFIFG is set
at these taps). During initialization, this time should be left prior to precise
MCLK timing. During normal operation, the FLL will constantly adjustthe DCO,
requiring no special considerations.

7.4.2 Adjusting the FLL Frequency

User software can adjust the FLL frequency at any time by changing the N
multiplier in the SCFQCTL register. Also, bits FN_2, FN_3, and FN_4 are
adjusted to the appropriate MCLK frequency range.

Example, MCLK = 64 x ACLK = 2097152

bic #GIE,SR ; Disable interrupts

mov.b #(64-1),&SCFQTL ; MCLK = 64 * ACLK
mov.b #FN_2,&SCFIO ; DCO centered at 2 MHz
bis #GIE,SR ; Enable interrupts

Example, MCLK = 100 x ACLK = 3276800

bic #GIE,SR ; Disable interrupts

mov.b #(100-1),&SCFQTL ; MCLK =100 * ACLK
mov.b #FN_3,&SCFIO ; DCO centered at 3 MHz
bis #GIE,SR ; Enable interrupts

7.4.3 FLL Features for Low-Power Applications

Three conflicting requirements typically exist in battery-powered MSP430x3xx
real-time applications:

(] Low-frequency clock for energy conservation and time keeping

(1 High-frequency clock for fast reaction to events and fast burst-processing
capability

FLL Clock Module 7-7



Buffered Clock Output

[ Clock stability

The MSP430x3xx FLL clock system addresses the above conflicting
requirements by providing both a low-frequency ACLK with crystal stability
and a stable high-frequency MCLK with near instant on-capability. The DCO,
which generates the MSP430x3xx MCLK, is operation in less than 6 pS.

The choice of a digital frequency-locked loop versus an analog-phase locked
loop enables the benefit of fast-start and stability. A phase-locked loop takes
hundreds or thousands of clock cycles to start and stabilize. The MSP430x3xx
frequency-locked-loop starts immediately at the exact setting prior to shut
down.

For minimum power consumption, the MSP430x3xx system operates for
extended periods in low-power mode 3 (LPM3) with only the ACLK active for
timers and low-power peripherals. Interrupts, both from external and internal
events, drive the activation of MCLK for the CPU and high-speed peripherals.
In the MSP430x3xx, any interrupt stores the SR operating modes on the stack
and then clears the SCG1 bit in the SR, automatically starting the DCO and
MCLK. After the interrupt handler has completed, the saved SR is popped from
the stack with the RETI instruction, restoring the previous operating mode.

7.5 Buffered Clock Output

The clock buffer shown in Figure 7-5 allows ACLK, ACLK/2, ACLK/4, or MCLK
to be output on MSP430x3xx pin XBUF. The clock buffer is controlled using the
three bits CBE, CBSEL1, and CBSELO in control register CBCTL.

Figure 7-5. Schematic of Clock Buffer

POR
|
CL
[~
CBSEL1
Q Qi CBSELO
aclk 2
ACLK S
ACLK/2001
ACLK/4 10 XBUF
—OMCLK u XBUF
MCLK o
CBE

CBE enables XBUF when set. CBSEL1 and CBSELDO select the clock source
of an enabled XBUF. On a POR condition, CBSEL1, CBSELO, and CBE are
reset and XBUF is disabled. If either ACLK or MCLK is shut down (generating
no frequency) and this clock source (or fraction of) is selected for XBUF, no
frequency will be output on XBUF regardless of CBE.

Note:

Control register CBCTL is a write-only register. Only mov.B #xxh,

&CBCTLinstructions should be used to access this register. Other Format 1

instructions, which are a read-then-write type, will result in incorrect setting.
J
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FLL Module Control Registers

7.6 FLL Module Control Registers

The FLL module is configured using control registers SCFQCTL, SCFIO,
SCFI1, CBCTL, and four bits from the CPU status register: SCG1, SCGO,
OscOff, and CPUOff. User software can modify these control registers from
their default condition at any time. The FLL control registers are located in the
byte-wide peripheral map and should be accessed with byte (.B) instructions.

Register Short Form  Register Type  Address  Initial State
System clock control SCFQCTL Read/write 052h 031h
System clock SCFIO Read/write 050h Reset

frequency integrator O

System clock SCFI1 Read/write 051h Reset
frequency integrator 1

Clock buffer CBCTL Write only 053h Reset

7.6.1 MCLK Frequency Control

The contents of register SCFQCTL controls the multiplication of the crystal fre-
quency. The contents of register SCFQCTL is shown in Figure 7—6.

Figure 7—6. SCFQCTL Register
7 0

SCFQCTL
052h M |26 | 25| 24| 23 | 22 | 21| 20

rw-0 rw-0 rw-0 rw-1 rw-1 rw-1 rw-1 rw-1
The seven bits indicate a range of 1+1 to 127+1. Any value below 1 results in
unpredictable operation. The user should ensure that the value selected does
not exceed the maximum MCLK value specified in the device data sheet.

The default value in SCFQCTL is 31 after a PUC signal is active, resulting in
a factor of 32.

The output of the frequency integrator controls the DCO. This value can be
read using the SCFI1 and SCFI0 addresses as shown in Figure 7-7.

Figure 7—7. SCFIO and SCFI1 Registers

If the modulation bit M is set, only the DCO taps determine the system
frequency. Adjacent DCO taps are not mixed. Note, however, that if the FLL
remains active (SCG0=0), it will continue to adjust the DCO taps. If an
application requires the system frequency to remain constant for a short period
of time, both the modulation and the FLL should be disabled (M=1, SCG0=1).

7 0
SCFI0 1 0
050h 0 0 0 |FN_4[FN_3|FN_2[ 2 2
r r r rw-0 rw-0 rw-0 rw-0 rw-0
7 0
SCFI1
9 8 7 6 5 4 3 2
051h 2 2 2 2 2 2 2 2

rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
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Figure 7-8. Crystal Buffer Control Register

CBCTL

CBSEL | CBSEL
053h T t T t t N 0 CBE
t Not implemented w—(0) w—(0) w—(0)
Bit O: Bit CBE controls the output buffer configuration.

CBE=1: Output buffer enabled
CBE=0: Output buffer disabled

Bits 1, 2: Bits CBSEL1 and CBSELO select the frequency that can be
applied to output pin XBUF.

CBE CBSEL1 CBSELO XBUF
0 X X Disabled
1 0 0 ACLK
1 0 1 ACLK/2
1 1 0 ACLK/4
1 1 1 MCLK

7.6.2 Special-Function Register Bits

7-10

The FLL clock module affects two bits in the special-function registers, OFIFG
and OFIE. The oscillator fault-interrupt enable bit (OFIE) is located in bit 1 of
the interrupt-enable register IE1. The oscillator fault-interrupt flag bit (OFIFG)
is located in bit 1 of the interrupt-flag register IFG1.

IE1 7 6 5 4 3 2 1 0

0oh I I I I I I | OFIE | |
rw—0

IFG1 7 6 5 4 3 2 1 0

ozh | I I I I I [ OFIFG | |
rw—1

The oscillator fault signal sets the OFIFG as long as the oscillator fault condi-
tion is active. The detection and effect of the oscillator fault condition is de-
scribed in section 7.3.6. The oscillator fault interrupt requests a nonmaskable
interrupt if the OFIE bit is set. The oscillator interrupt-enable bit is reset auto-
matically if a non-maskable interrupt is accepted. The initial state of the OFIE
bit is reset, and no oscillator fault requests an interrupt even if a fault condition
occurs.



Chapter 8

Digital /0O Configuration

This chapter describes the digital /0 configuration.
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Introduction

8.1

8-2

Introduction

The general-purpose /O ports of the MSP430 are designed to give maximum
flexibility. Each I/O line is individually configurable, and most have interrupt
capability.

There are several different I/O port modules that function in slightly different
ways. For this reason, names have been given to each port module. For exam-
ple, port PO, P1, P2, etc. These names refer to specific port modules, and apply
to all MSP430 devices. For example, port PO and P1 may be available on a
particular MSP430 device, while ports P1 and P3 may be available on another
device. Itis important for the user to understand the operating differences and
which port(s) are available on the device in use.

Additionally, the I/O port pins are often multiplexed with other pin functions on
the devices to provide maximum flexibility while optimizing pin count on the
devices.



Port PO

8.2 Port PO

The general-purpose port PO contains 8 general-purpose 1/O lines and the
required registers to control and configure them. Each 1/O line is capable
of being controlled independently. In addition, each I/O line has interrupt
capability.

Six registers are used to control the port I/O pins (see Section 8.2.1).

Port PO is connected to the processor core through the 8-bit memory data bus
(MDB) and the memory address bus (MAB). Port PO should be accessed using
byte instructions in the absolute address mode, such as:

MOV.B #12h,&POOUT.

Figure 8-1. Port PO Configuration

MDB
8
B 8
] 8
Input Register POIN
Oh
R/W
2+ 6/2
Output Register POOUT
011h RIW o
Direction Register
PODIR
012h v RIW

Interrupt Flags POIFG

6/2

013h
Interrupt Flags IFG1.2/3 -I
002h

R/W

Interrupt Edge Select
014h POIES
A

a

R/W
Interrupt Enable POIE

015h
Interrupt Enable IE1.2/3 -I
000h

a

MSB LSB
P0.7 P0.0

8.2.1 Port PO Control Registers

Port PO has six registers to control the 1/0 pins. The six control registers give
maximum input/output configuration flexibility:

J Allindividual I/O bits are independently programmable.
1 Any combination of input, output, and interrupt condition is possible.

[ Interrupt processing of external events is fully implemented for all eight
bits of port PO.

Digital I/O Configuration 8-3



Port PO
The six registers are shown in Table 8-1.

Table 8-1. Port PO Control Registers

Short Register

Register Form Type Address  Initial State
Input POIN Readonly 010h  ————-—
Output POOUT Read/write  011h Unchanged
Direction PODIR Read/write  012h Reset
Interrupt flags POIFG Read/write  013h Reset
Interrupt edge select POIES Read/write  014h Unchanged
Interrupt enable POIE Read/write  015h Reset

These registers contain eight bits except for the two LSBs in the interrupt flag
register and interrupt enable register. These two bits are included in the special
functionregister. The registers should be accessed using byte instructions and
absolute address mode.

8.2.1.1 Input Register POIN

The input register is a read-only register that shows the values of the signals
at the 1/O pins. The direction of the pin must be selected as input.

Note: Writing to the Read-Only Register POIN

Any attempt to write to this read-only register results in increased current
consumption while the write attempt is active.

8.2.1.2 Output Register POOUT

The output register shows the information of the output buffer. The output
buffer can be modified using all instructions that write to a destination. If read,
the contents of the buffer are independent of the pin direction. A direction
change does not modify the output buffer contents.

8.2.1.3 Direction Register PODIR

The direction register contains eight bits that define the direction of each I/O
pin. All bits are reset by the PUC signal.

When:
Bit = 0: The 1/O pin is switched to input direction
Bit = 1: The I/O pin is switched to output direction

8-4



Port PO

8.2.1.4 Interrupt Flags POIFG

The interrupt flags register contains six flags that reflect whether or not an
interrupt is pending from the corresponding /O pin, if the 1/O pins are
interrupt-enabled.

Three interrupt vectors are implemented for port PO; one for port P0.0, one for
port P0.1, and one for interrupt events on ports P0.2 to P0.7. The six flags
shown in Figure 8-2 are located in bits 7 to 2 and correspond to pins P0.7 to
P0.2. The interrupt flags for pins P0.1 and PO0.0 are located in the SFRs.

Figure 8-2. Interrupt Flags Register
7 0

POIFG
013h

POIFG.7 [ POIFG.6| POIFG.5|POIFG.4 POIFG.3|POIFG.2

w-0 rw-0 rw-0 rw-0O rw-0 rw-0 r0 (0]

When:
Bit = 0: No interrupt is pending

Bit=1: Aninterruptis pending due to a transition at the I/O pin or software
setting the bit. Manipulation of POOUT and PODIR can also set
the POIFG bits.

Writing a zero to an interrupt flag resets it; writing a one to an interrupt flag sets
it and generates an interrupt.

Interrupt flags POIFG.2 to POIFG.7 use only one interrupt vector. These flags
are not reset automatically when any interrupt from these events is served.
The software should determine which event is served and reset the appropri-
ate flag(s).

Flags POIFG.0 and POIFG.1 generate individual interrupts, and are reset
automatically when serviced.

Note:

Any external interrupt event should be as long as 1.5 times MCLK or longer
to ensure that is accepted and the corresponding interrupt flag is set.

8.2.1.5 Interrupt Edge Select POIES

The interrupt edge select register contains a bit for each I/O pin, which controls
which transition triggers the interrupt flag. All eight bits corresponding to pins
P0.7 to P0.0 are located in this register. When:

Bit = 0: The interrupt flag is set with a low-to-high transition

Bit = 1: The interrupt flag is set with a high-to-low transition

Note:

Any change in the POIES bit(s) may result in setting the associated interrupt
flags.

Digital I/O Configuration 8-5



Port PO

8.2.1.6 Interrupt Enable POIE

The interrupt enable register contains bits for I/O pins P0.7 to P0.2, as shown
in Figure 8-3, which enable an interrupt request for an interrupt event on these
pins. Two interrupt enable bits for P0.0 and P0.1 are located in special function
registers IE1.2 and IE1.3.

Figure 8-3. Interrupt Enable Register
7 0

POIE

POIE.7 | POIE.6 [ POIE.5 | POIE.4 | POIE.3 | POIE.2
015h

rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 r0 ro

When:
Bit = 0: The interrupt request is disabled

Bit = 1: The interrupt request is enabled

Note: Port PO Interrupt Sensitivity
Only transitions, not static levels, cause interrupts.

The interrupt routine must reset the interrupt flags POIFG.2 to POIFG.7. Flags
POIFG.0 and POIFG.1 are reset automatically when these interrupts are
serviced.

If an interrupt flag is still set when the RETI instruction is executed (for
example, atransition occurs during the interrupt service routine), an interrupt
occurs again after RETI is completed. This ensures that each transition is
acknowledged by the software.

8.2.2 Port PO Schematic

The pin logic of each individual port PO signal can be read from and written to
as described in the following sections.

8.2.2.1 Port PO, Bits P0.3 to P0.7

Each port PO signal’s pin logic is built from five identical register bits—PODIR,
POOUT, POIFG, POIE, POIES—and one read-only input buffer, POIN. Bits 3
through 7 function identically as shown in Figure 8—4.
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Figure 8-4. Schematic of Bits P0.7 to P0.3

PODIRX
i i——— ——1
POOUT.x > Output
| |
| |
Input : !
POIN.x < mux ——* Liad_ngf__!
POIRQ.x — POIE.x
Interrupt
Interrupt
POIFGx | Flag | | Ed9¢
X 9 Select
PnIRQ.y T
Request ° POIES.x
Interrupt < M
P0.27
PnIRQ.z
NOTE:3<x<7

8.2.2.2 Port PO, Bit P0.2

Port PO

Bit 2 is slightly different from bits 3 to 7 as shown in Figure 8-5. The output
signal can be determined either by the port POOUT.2 bit or by the 8-Bit
Timer/Counter signal (TXD). When the output control register bit (TXE) is set
to a logic 1, the TXD signal is selected as the relevant output signal and the
pad logic is switched to the output, independent of the direction control bit

PODIR.2.

Figure 8-5. Schematic of Bit P0.2

TXE ®
PODIR.2 I i i—
| |
POOUT.2 > Output | |
TXD g MUX | |
| |
Input : !
POIN.2 < vux ——* LE“d_"igf__!
POIRQ.2 —— POIE.2
Interrupt
Interrupt
POIFG.2 | Fla Edge
: 9 Select
POIRQ.3 T
Request ° POIES.2
Interrupt M
P0.27
POIRQ.7

Digital I/O Configuration
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8.2.2.3 Port PO, Bit PO.1

Bit 1 is slightly different from bits 3 to 7 as shown in Figure 8-6. The interrupt
signal can be sourced by the input signal at pin P0.1, or by the 8-Bit
Timer/Counter carry signal. Whenever the interrupt source control bit (ISCTL)
in the 8-Bit Timer/Counter control register (TCCTL) is set, the interrupt source
is switched from pin P0.1 to the carry signal from the counter in the 8-bit
Timer/Counter. Flag POIFG.1 is reset automatically when the interrupt is
serviced (IRQA signal).

Figure 8—6. Schematic of Bit P0.1

PODIR.1
: i
POOUT.1 » Output ]
| |
| |
: |
POIN.1 < Input > |
LPadtogic |
Interrupt
POIES.1 Edge
Select F——————— 1

P0.1D (To 8-hit T/C) |
ﬁ'— Carry |
Request POIRQ.1 — POIE.1 I I
Int t Interrupt | | . |

Interrupt nterrupt |4 I ISCTL (From 8-bit T/C)

Source |
. Fla
PO.1 POIFG.1 9 Select | | |
T L -
IRQA

(Interrupt request accepted)
8.2.2.4 Port PO, Bit P0.0

Bit O is identical to bits 3 to 7 as shown in Figure 8—7, but has its own interrupt
vector. Flag POIFG.0 is reset automatically when the interrupt is serviced
(IRQA signal).

Figure 8—7. Schematic of Bit P0.0

PODIR.O I
POOUT.O > Output
POIN.O < Input
N MUX
POIRQ.0 - POIE.O
Request Interrupt
Interrupt Interrupt | Edge
PO0.0 POIFG.0 Flag Select
T POIES.O
IRQA

(Interrupt request accepted)
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8.2.3 Port PO Interrupt Control Functions

Port PO uses eight bits for interrupt flags, eight bits to enable interrupts, eight
bits to select the effective edge of an interrupt event, and three different
interrupt vector addresses.

The three interrupt vector addresses are assigned to:

O P0.0
0 PO.1/RXD
] P0.2toP0.7

The two port PO signals, P0.0 and P0.1/RXD, are used for dedicated signal
processing. Four bits in the SFR address range and two bits in the portO
address frame handle the interrupt events on P0.0 and P0.1/RXD :

P0.0 interrupt flag POIFG.O (located in IFG1.2, initial state is reset)
P0.1/RXD interrupt flag POIFG.1 (located in IFG1.3, initial state is reset)
P0.0 interrupt enable POIE.O (located in IE1.2, initial state is reset)
P0.1/RXD interrupt enable POIE.1 (located in IE1.3, initial state is reset)
P0.0 interrupt edge select (located in POIES.O, initial state is reset)
P0.1/RXD interrupt edge select (located in POIES.1, initial state is reset)

Uoooon

Both interrupt flags (POIFG.0 and POIFG.1/RXD) are single source flags and
are automatically reset when the processor serves them. The enable bits and
edge select bits remain unchanged.

The interrupt control bits of the remaining six 1/0 signals, P0.2 to P0.7, are
located in the 1/0O address frame. Each signal uses three bits for configuration
and interrupt.

[J Interrupt flag, POIFG.2 to POIFG.7
[J Interrupt enable bit, POIE.2 to POIE.7
[ Interrupt edge select bit, POIES.2 to POIES.7

The interrupt flags POIFG.2 to POIFG.7 share the same interrupt vector. An
interrupt event on one or more pins of P0.2 to P0.7 requests an interrupt when
two conditions are met: the appropriate individual enable bit POIE.x (2<x < 7)
is set and the general interrupt enable (GIE) bit is set. Since the interrupts
share the same interrupt vector, interrupt flags P0.2 to P0.7 are not
automatically reset and, therefore, continue to generate interrupts until reset.
The interrupt service routine software should handle the detection of the
source and reset the appropriate flag when it is serviced.

Note:

Modifying the direction control bit or interrupt edge select bit for an I/O may
result in setting the interrupt flag for that I/O line.

Digital I/O Configuration 8-9



Port PO
I/O-Pin Interrupt Handler for P0.2 to PO.7: Programming Example

8.2.3.1
The following code describes how to set the I/O pin interrupt handler.

; The 1/0-PIN interrupt handler for P0.2 to P0.7 starts here

;Save R5
;Read interrupt flags

;Clear status flags with the
;read data
;Additional set bits are not
:cleared!
;Allow interrupt nesting

IOINTR PUSH R5
MOV.B &POIFG,R5

BIC.B RS5,&PO0IFG

EINT
;R5 contains information about which 1/0-pin(s) cause
;interrupts:

;the processing starts here.

;JOB done: restore R5
;Return from interrupt

;Definition of interrupt vector table

.sect "1027_vec”,0FFEOh ;The interrupt vector for
;flags POIFG.2 and POIFG.7

;are at memory address OFFEOh
;in 3xx devices.

.WORD IOINTR ;1/O-Pin (2 to 7) Vector in
:ROM

.sect "RST_vec”,0FFFEh
.WORD RESET

;Interrupt Vectors
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8.3 Ports P1, P2

Ports P1, P2

Each of the general-purpose ports P1 and P2 contain 8 general-purpose 1/0
lines and all of the registers required to control and configure them. Each 1/0
line is capable of being controlled independently. In addition, each 1/O line is
capable of producing an interrupt.

Separate vectors are allocated to ports P1 and P2 modules. The pins for port
P1 (P1.0-7) source one interrupt, and the pins for port P2 (P2.0-7) source
another interrupt.

Seven registers are used to control the port I/O pins (see Section 8.3.1).

Ports P1 and P2 are connected to the processor core through the 8-bit MDB
and the MAB. They should be accessed using byte instructions in the absolute
address mode.

Figure 8-8. Port P1, Port P2 Configuration

n
n

B MDB R
« r Y Z 3 Z 3 r Y r Y r A v
8
R 8
8
Input Register PnIN
1:020n T -~ 8
2:028h Output Register PNOUT
A 4 R/W 8
n=1:021h Direction Register
=2:029h
n=2:029 PnDIR J RIW
n=1:022h 8
n=2:02Ah Interrupt Flags PnIFG
vy R/W
n=1:023h Interrupt Edge Select 8
n=2:02Bh PnIES
7'y R/W
n=1: 024h
n=2:02Ch Interrupt Enable PnlE
R/W
n=1:025h 4
n=2:02Dh Function Select PnSEL
n=1:026h 4
n =2: 02Eh
MSB LSB
Pn.7 Pn.0

Digital I/O Configuration
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Ports P1, P2

8.3.1 Port P1, Port P2 Control Registers

The seven control registers give maximum digital input/output configuration
flexibility:

[J Allindividual I/O bits are independently programmable.
[0 Any combination of input, output, and interrupt condition is possible.

(1 Interrupt processing of external events is fully implemented for all eight
bits of ports P1 and P2.

The seven registers for port P1 and the seven registers for port P2 are shown
in Table 8-2 and Table 8-3, respectively.

Table 8-2. Port P1 Registers

Register Short Form  Register Type  Address Initial State
Input P1IN Read only 020h  ————-
Output P1OUT Read/write 021h Unchanged
Direction P1DIR Read/write 022h Reset
Interrupt Flags P1IFG Read/write 023h Reset
Interrupt Edge Select P1IES Read/write 024h Unchanged
Interrupt Enable PlIE Read/write 025h Reset
Function Select P1SEL Read/write 026h Reset

Table 8-3. Port P2 Registers

Register Short Form  Register Type  Address Initial State
Input P2IN Read only 028h  ————-
Output P20UT Read/write 029h Unchanged
Direction P2DIR Read/write 02Ah Reset
Interrupt Flags P2IFG Read/write 02Bh Reset
Interrupt Edge Select P2IES Read/write 02Ch Unchanged
Interrupt Enable P2IE Read/write 02Dh Reset
Function Select P2SEL Read/write 02Eh Reset

These registers contain eight bits, and should be accessed using byte
instructions in absolute-address mode.

8.3.1.1 Input Registers P1IN, P2IN

Both Input registers are read-only registers that reflect the signals at the 1/0
pins.

Note: Writing to Read-Only Registers P1IN, P2IN

Writing to these read-only registers results in increased current consumption
while the write attempt is active.

8.3.1.2 Output Registers P1OUT, P20UT

Each output register shows the information of the output buffer. The output
buffer can be modified by all instructions that write to a destination. If read, the
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Ports P1, P2

contents of the output buffer are independent of pin direction. A direction
change does not modify the output buffer contents.

8.3.1.3 Direction Registers P1DIR, P2DIR

8.3.1.4

The direction registers contain eight independent bits that define the direction
of the 1/O pin. All bits are reset by the PUC signal.

When:
Bit = 0: The port pin is switched to input direction (3-state)

Bit = 1: The port pin is switched to output direction

Interrupt Flags P1IFG, P2IFG

Each interrupt flag register contains eight flags that reflect whether or not an
interruptis pending for the corresponding I/O pin, if the I/O is interrupt-enabled.

When:
Bit = 0: No interrupt is pending

Bit = 1: An interrupt is pending due to a transition at the I/O pin or from
software setting the bit.

Note:

Manipulating P1OUT and P1DIR, as well as P20UT and P2DIR, can result
in setting the P1IFG or P2IFG bits.

Writing a zero to an interrupt flag resets it; writing a one to an interrupt flag sets
it and generates an interrupt.

Each group of interrupt flags P1FLG.0 to P1FLG.7 and P2FLG.0 to P2FLG.7
sources its own interrupt vector. Interrupt flags P1IFG.0 to P1IFG.7 and
P2IFG.0 to P2IFG.7 are not reset automatically when an interrupt from these
events is serviced. The software should determine the origin of the interrupt
and reset the appropriate flag(s).

Note:

Any external interrupt event should be at least 1.5 times MCLK or longer, to
ensure that it is accepted and the corresponding interrupt flag is set.
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8.3.1.5 Interrupt Edge Select P1IES, P2IES

Each interrupt edge select register contains a bit for each corresponding 1/0
pin to select what type of transition triggers the interrupt flag.

When:
Bit = 0: The interrupt flag is set with a low-to-high transition

Bit = 1: The interrupt flag is set with a high-to-low transition

Note:

Changing the P1IES and P2IES bits can result in setting the associated
interrupt flags.

PnlES.x PnIN.x PnIFG.x
0-1 0 Unchanged
0-1 1 May be set
1-0 0 May be set
1-0 1 Unchanged

8.3.1.6 Interrupt Enable P1IE, P2IE

Each interrupt enable register contains bits to enable the interrupt flag for each
I/O pin in the port. Each of the sixteen bits corresponding to pins P1.0 to P1.7
and P2.0 to P2.7 is located in the P1IE and P2IE registers.

When:
Bit = 0: The interrupt request is disabled

Bit = 1: The interrupt request is enabled

Note: Port P1, Port P2 Interrupt Sensitivity
Only transitions, not static levels, cause interrupts.

If an interrupt flag is still set when the RETI instruction is executed (for
example, atransition occurs during the interrupt service routine), an interrupt
occurs again after RETI is completed. This ensures that each transition is
acknowledged by the software.

8.3.1.7 Function Select Registers P1SEL, P2SEL

8-14

P1 and P2 port pins are often multiplexed with other peripheral modules to
reduce overall pin count on MSP430 devices (see the specific device data
sheet to determine which other peripherals also use the device pins). Control
registers P1SEL and P2SEL are used to select the desired pin function—I/O
port or other peripheral module. Each register contains eight bits
corresponding to each pin, and each pin’s function is individually selectable.
All bits in these registers are reset by the PUC signal. The bit definitions are:

Bit = 0: Port P1 or P2 function is selected for the pin

Bit = 1: Other peripheral module function is selected for the pin



Ports P1, P2

Note: Function Select With P1SEL, P2SEL

The interrupt-edge-select circuitry is disabled if control bit PnSEL.x is set.
Therefore, the input signal can no longer generate an interrupt.

When a port pinis selected to be used as an input to a peripheral module other
thanthe I/O port (PnSEL.x = 1), the actual input signal to the peripheral module
is a latched representation of the signal at the device pin (see Figure 8-9
schematic). The latch uses the PnSEL.x bit as its enable, so while PnSEL .x=1,
the internal input signal simply follows the signal at the pin. However, if the
PnSEL.x bitis reset, then the output of the latch (and therefore the input to the
other peripheral module) represents the value of the signal at the device pin
just prior to the bit being reset.

8.3.2 Port P1, Port P2 Schematic

The pin logic of each individual port P1 and port P2 signal is identical. Each
bit can be read and written to as shown in Figure 8-9.

Figure 8-9. Schematic of One Bit in Port P1, P2

PnSEL.x O
PnDIR.x

Output
MUX

\ 4

Direction Control
From Module

\ 4

r————_——————

PnOUT.x

\ 4

Output

Module X OUT MUX

\ 4

PnIN.x
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Ports P1, P2

8.3.3 Port P1, P2 Interrupt Control Functions

8-16

Ports P1 and P2 use eight bits for interrupt flags, eight bits to enable interrupts,
eight bits to select the effective edge of an interrupt event, one interrupt vector
address for port P1, and one interrupt vector address for port P2.

Each signal uses three bits for configuration and interrupt:

1 Interrupt flag, P1IFG.0 to P1IFG.7 and P2IFG.0 to P2IFG.7
(1 Interrupt enable bit, P1IE.O to P1IE.7 and P2IE.O to P2IE.7
1 Interrupt edge select bit, P1IES.0 to P1IES.7 and P2IES.O to P2IES.7

The interrupt flags P1IFG.0 to P1IFG.7 source one interrupt and P2IFG.0 to
P2IFG.7 source one interrupt. Any interrupt event on one or more pins of P1.0
to P1.7 or P2.0 to P2.7 requests an interrupt when two conditions are met: the
appropriate individual bit PnlE.x is set, and the GIE bit is set. Interrupt flags
P1IFG.0 to P1IFG.7 or P2IFG.0 to P2IFG.7 are not automatically reset. The
software of the interrupt service routine should handle the detection of the
source, and reset the appropriate flag when it is serviced.



8.4 Ports P3, P4

Ports P3, P4

General-purpose ports P3 and P4 function as shown in Figure 8—-10. Each pin
can be selected to operate with the 1/O port function, or to be used with a
different peripheral module. This multiplexing of pins allows for a reduced pin
count on MSP430 devices.

Four registers control each of the ports (see Section 8.4.1).

Ports P3 and P4 are connected to the processor core through the 8-bit MDB
and the MAB. They should be accessed with byte instructions using the
absolute address mode.

Figure 8-10. Ports P3, P4 Configuration

8.4.1

P MDB R
- Z ) 7 § y x D>

8

R 8
8
Input Register PnIN
R/W
a 8
n=3:018h .
n=4:01ch Output Register PNOUT
\ 4 R/W
n= i: 819;;] Direction Register
n=4:
— PnDIR ¢ RIW
n " 3: O1AN Function Select
n=4:01Eh Register PnSEL
n=3:01Bh T
n =4:01Fh
MSB LSB
Pn.7 Pn.0

Port P3, P4 Control Registers

The four control registers of each port give maximum configuration flexibility

of digital 1/0.

(1 Allindividual I/O bits are programmed independently
[ Any combination of input is possible
(1 Any combination of port or module function is possible

The four registers for each port are shown in Table 8—4. They each contain
eight bits and should be accessed with byte instructions.

Digital I/O Configuration
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Ports P3, P4

Table 8—4. Port P3. P4 Registers

Register Short Form Address  Register Type Initial State

Input P3IN 018h Readonly  ————-
P4IN 01Ch Readonly ————-—

Output P30OUT 01%9h Read/write Unchanged
P40OUT 01Dh Read/write Unchanged

Direction P3DIR 01Ah Read/write Reset
P4DIR O01lEh Read/write Reset

Port Select P3SEL 01Bh Read/write Reset
PASEL 01Fh Read/write Reset

8.4.1.1 |Input Registers

The input registers are read-only registers that reflect the signal at the I/O pins.

Note: Writing to Read-Only Register

Any attempt to write to these read-only registers results in an increased
current consumption while the write attempt is active.

8.4.1.2 Output Registers

The output registers show the information of the output buffers. The output
buffers can be modified by all instructions that write to a destination. If read,
the contents of the output buffer are independent of the pin direction. A
direction change does not modify the output buffer contents.

8.4.1.3 Direction Registers

The direction registers contain eight independent bits that define the direction
of each 1/0O pin. All bits are reset by the PUC signal.

When:
Bit = 0: The port pin is switched to input direction

Bit = 1: The port pin is switched to output direction
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Ports P3, P4
8.4.1.4 Function Select Registers PnSEL

Ports P3, P4 pins are often multiplexed with other peripheral modules to
reduce overall pin count on MSP430 devices (see the specific device data
sheet to determine which other peripherals also use the device pins). Control
registers PnSEL are used to select the desired pin function—I/O port or other
peripheral module. Each register contains eight bits corresponding to each
pin, and each pin’s function is individually selectable. All bits in these registers
are reset by the PUC signal. The bit definitions are:

Bit = 0: Port function is selected for the pin

Bit = 1: Other peripheral module function is selected for the pin

Note: Function Select With PnSEL Registers

The interrupt-edge-select circuitry is disabled if control bit PnSEL.x is set.
Therefore, the input signal can no longer generate an interrupt.

When a port pinis selected to be used as an input to a peripheral module other
than the 1/0 port (PnSEL.x=1), the actual input signal to the peripheral module
is a latched representation of the signal at the device pin (see Figure 8-11
schematic). The latch uses the PnSEL.x bit as its enable, so while PnSEL.x=1,
the internal input signal simply follows the signal at the pin. However, if the
PnSEL.x bitis reset, then the output of the latch (and therefore the input to the
other peripheral module) represents the value of signal at the device pin, just
prior to the bit being reset.

8.4.2 Port P3, P4 Schematic

The pin logic of each individual port signal is shown in Figure 8-11.

Figure 8-11. Schematic of Bits Pn.x
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Chapter 9

Universal Timer/Port Module

The Universal Timer/Port module supports the following system features:

[ Up to six independent outputs
[J Two 8-bit counters or one 16-bit counter
[ A precision comparator for slope A/D conversion

Topic Page
9.1 Timer/Port Configuration  ......... ...ttt 9-2
9.2 Timer/Port Module Operation — ........... ... 9-3
9.3 Timer/Port RegiSters . ... .t 9-7
9.4  Timer/Port INterruptS ... .. oot 9-11
9.5 Timer/Portin an ADC Application  .......... ... .o, 9-12
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Timer/Port Configuration

9.1 Timer/Port Configuration

The Timer/Port is configured as shown in Figure 9-1.

Figure 9—1. Timer/Port Configuration
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Timer/Port Module Operation

9.2 Timer/Port Module Operation

This section describes the Timer/Port counters.

9.2.1 Timer/Port Counter TPCNT1, 8-Bit Operation
Refer to Figure 9-1 for the following discussion.

The Universal Timer/Port offers much more application flexibility than other
simple timer/counters by providing for flexible clocking and enable conditions.

The clock input to counter TPCNT1 can be selected from three different
sources. MCLK, ACLK, or CMP (an external signal, or the comparator output)
can be used to increment the timer/counter. The counter increments with each
positive edge of the CLK1 clock input when enable signal EN1 is set. When
the counter reaches full scale (OFFh), a ripple-carry signal RC1 goes high and
remains high as long as the counter data equals OFFh. When the counter
increments from OFFh to 000h, RC1 goes back low, but the negative edge of
signal RC1 sets a ripple-carry flag bit in the TPCTL register (RC1FG) to
indicate that the counter has rolled over. Setting the ripple carry flag RC1FG
will generate a CPU interrupt if the Timer/Port interrupt enable flag (TPIE) is
set. The RC1FG is not automatically reset, so it must be reset by the interrupt
service routine (ISR).

The user has several choices to configure the enable signal EN1 (see
Table 9-1). The counter is enabled when one or both ENA and ENB bits are
set. Both of these bits are reset with a system reset (POR or PUC).

Further, an external event can be used to enable or disable the timer. When
an external event on signals CMP or TPIN.5 disables the counter, flag EN1FG
of the TPCTL register is set and a CPU interrupt is generated if the Timer/Port
interrupt is enabled. The EN1FG flag is not automatically reset, so it must be
reset by the ISR. Note that the EN1FG flag is not set if the counter is disabled
through software manipulation of the ENA or ENB hits.

Any time the counter is disabled, the counter data is frozen, but the software
can write a different value to the counter to change its data. Note that this write
operation does not re-enable the counter.

The counter can be read or written to at anytime. A timer read can occur
asynchronously to a timer increment if the clock source for the timer is either
the ACLK or the CMP signal. In this situation the user software should perform
several reads of the timer and take a majority vote to determine the correct
timervalue. When MCLK is selected as the clock source, the read is performed
synchronously to the increment, so a majority vote software routine is not
necessary.

Reading the timer/counter does not effect the count. The timer/counter will
accurately increment with each clock regardless of when a read occurs. Also,
performing a read of the counter directly after writing to it could resultin reading
different data than was written to it, depending on when the clock signal is
applied.
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Timer/Port Module Operation

9.2.2 Timer/Port Counter TPCNT2, 8-Bit Operation

Counter TPCNT2 operates similarly to TPCNTZ1, with a few differences in the
enable signal and clock source.

The enable signal for TPCNT2 is primarily controlled with bit B16 of the TPD
register. Bit B16 selects 8 or 16-bit mode for the Timer/Port. When B16 is reset,
the Timer/Port is in 8-bit mode and counter TPCNT2 is always enabled.

Additionally, in 8-bit mode, counter TPCNT2 is completely independent from
TPCNTL1 and has a separate clock source. The clock source for TPCNT2 in
8-bit mode can be selected to be ACLK, MCLK, or the TPIN.5 pin.

Like TPCNT1, TPCNT2 has a ripple-carry output (RC2) that is high while the
counter data is equal to OFFh and the enable signal EN2 is high. When the
counter increments from OFFh to 000h, RC2 goes back low. The negative
edge of RC2 sets aripple-carry flag in the TPCTL register (RC2FG) to indicate
that the counter has rolled over. Setting RC2FG generates a CPU interrupt
if the Timer/Port interrupt is enabled. RC2FG is not automatically reset and
should be reset by the ISR.

Any time the counter is disabled, the counter data is frozen, but the software
can write a different value to the counter to change its data. Note that this write
operation does not reenable the counter.

The counter can be read or written to at any time. A timer read can occur
asynchronously to a timer increment if the clock source for the timer is either
ACLK or the TPIN.5 signal. In this situation, the user software should perform
several reads of the timer and take a majority vote to determine the correct
timer value. When MCLK is selected as the clock source, the read is performed
synchronously to the increment, so a majority vote software routine is not
necessary.

Reading the timer does not effect the count. The timer will accurately
increment with each clock regardless of when a read occurs. Also, performing
a read of the counter immediately after writing to it could result in reading
different data than was written to it, depending on whether a clock signal was
applied between the write and the read.

9.2.3 Timer/Port Counter, 16-Bit Operation

9-4

In 16-bit mode (B16 = 1), counters TPCNT1 and TPCNT2 are cascaded to
form one 16-bit timer (see Figure 9-2). In this configuration, both counters
operate from the same clock and the ripple-carry output of TPCNT1 serves as
the enable for TPCNT2.

In 16-bit mode, clock source selection for the counter is made with the
TPSSELO and TPSSEL1 bits, and TPSSEL2 and TPSSEL3 become don’t
cares. Clock source choices are the same as those for TPCNT1 in 8-bit mode:
ACLK, MCLK, or CMP.



Timer/Port Module Operation

Figure 9-2. Timer/Port Counter, 16-Bit Operation
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In 16-bit mode, the ripple carry signal is RC2 and is set when the counter value
is equal to OFFFFh. When the counter increments to 00000h, the negative
edge of RC2 sets the RC2FG flag generating a CPU interrupt, and indicating
that the counter has rolled over. The RC2FG flag must be reset by the ISR.
RC1FG is not set in 16-bit mode — it remains unchanged.

Like in the 8-bit operation of TPCNT1, an external event can be used to enable
or disable the timer when in 16-bit mode. When an external event on signal
CMP or TPIN.5 disables the counter, flag EN1FG of the TPCTL register is set
and a CPU interrupt is generated if the Timer/Port interrupt is enabled. The
EN1FG flag is not automatically reset, so it must be reset by the ISR. Note that
the EN1FG flag is not set if the counter is disabled through software
manipulation of the ENA or ENB bits.

Read and write access to the Timer/Port is always done using byte
instructions—even when the counter is configured in 16-bit mode. This
requires special software considerations to access the counter while it is
running to assure that the value read is correct. If a clock edge increments the
counter between readings of the TPCNT1 and TPCNT2 values, the counter
data will not be correct.
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9.2.4 Enable Control

The signals ENA, ENB, TPSSELO, and TPSSEL1 control the operation of the
counter as described in Table 9-1. Therefore, the counter can be configured
to run unconditionally, to run based on signals TPIN.5 or CMP, or to stop.
Additionally, several clock choices are available within each operating mode.

Table 9—-1. Timer/Port Counter Signals, 16—Bit Operation

ENB ENA TPSSell  TPSSelo EN1 CLK1
0 0 0 0 0 CMP
0 0 0 1 0 ACLK
0 0 1 X 0 MCLK
0 1 0 0 1 CMP
0 1 0 1 1 ACLK
0 1 1 X 1 MCLK
1 0 0 0 TPIN.5 CMP
1 0 0 1 TPIN.5 ACLK
1 0 1 0 TPIN.5 MCLK
1 0 1 1 TPIN.5 MCLK
1 1 0 0 CMP CMP
1 1 0 1 CMP ACLK
1 1 1 0 CMP MCLK
1 1 1 1 CMP MCLK

9.2.5 Comparator Input

The comparator input is typically shared with one segment line as shown in
Figure 9-3. The LCD segment function is selected for this pin after the PUC
signal is active. The comparator input is selected when the CPON bit is set.
Note that once selected, the comparator input can not be deselected without
a PUC signal. See Chapter 3 for details on the PUC signal.

Figure 9-3. Timer/Port Comparator Input
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9.3 Timer/Port Registers

Timer/Port Registers

The Timer/Port module registers listed in Table 9-2 are byte structured and
must be accessed using byte instructions (suffix B).

Table 9-2. Timer/Port Registers

Register Short Form  Register Type Address Initial State
TP Control TPCTL Read/write 04Bh Reset
TP Counter 1 TPCNT1 Read/write 04Ch Unchanged
TP Counter 2 TPCNT2 Read/write 04Dh Unchanged
TP Data TPD Read/write 04Eh Reset
TP Data Enable TPE Read/write 04Fh Reset

9.3.1 Timer/Port Control Register

The information stored in the control register (see Figure 9—4) determines the
operation of the Timer/Port module.

Figure 9-4. Timer/Port Control Register

7 0

TPCTL

04Bh | TPSSEL 1| TPSSEL 0 ENB ENA EN1 | RC2FG | RC1FG| EN1FG

rw-

Bit O:

Bit 1:

Bit 2:

0 rw-0 rw-0 rw-0 r-0 rw-0 rw-0 rw—0

Enable flag EN1FG is set with the negative edge of enable signal
EN1, ifan eventon CMP or TPIN.5 causes EN1 to go low. Note that
EN1FG is not set if EN1 goes low as a result of software
manipulation of ENA or ENB. EN1FG must be reset by software.

The EN1FG bit can be used during the Timer/Port interrupt service
routine to determine if the interrupt event came from enable EN1
or from a ripple/carry.

In 8-bit mode, bit RC1FG indicates that counter TPCNT1 rolled
from OFFh to Oh (overflow condition). In 16-bit mode, RC1FG is not
active. However, if software sets RC1FG, an interrupt request will
be generated (if enabled), even if the counter is in 16-bit mode.
RC1FG must be reset by software.

In 8-bit mode, bit RC2FG indicates that counter TPCNT2 rolled
from OFFh to Oh (overflow condition). In 16-bit mode, RC2FG
indicates the 16-bit counter has rolled from OFFFFh to 0000h.
RC2FG must be reset by software.

Note: RCI1FG and RC2FG When Software Disables the Counter

When the counter is disabled with software via bits ENA and ENB, flag
RC1FG (8-hit mode), or flag RC2FG (16-bit mode) may or may not be set
if the counter rolls over to zero at the same time.

Universal Timer/Port Module 9-7



Timer/Port Registers

Bit 3:

Bits 4, 5:

Enable signal EN1. This bit represents the state of enable signal
EN1 and can be read by software.

The signal at TPx.5 can be used in the module internally and can
be read with bit EN1 when TPE.5 is reset.

The value of enable signal EN1 is defined by bits ENA, ENB and
TPSSELDO, as described in Table 9-3.

Table 9-3. Bit EN1 Level/Signal

ENB ENA  TPSSel0 EN1
0 0 X 0
0 1 X
1 0 0 TPIN.5
1 0 1 TPIN.5
1 1 0 CMP
1 1 1 CMP
Bits 6, 7: The Timer/Port clock source-select bits TPSSELO and

TPSSEL1 select the clock source for TPCNT1, as described in

Table 9-4.

Table 9—4. Timer/Port Clock Source Selection

TPSSell TPSSel0 CLK1
0 0 CMP
0 1 ACLK
1 X MCLK

9.3.1.1 Timer/Port Counter Registers TPCNT1 and TPCNT2

Both counter registers are read and written independently. The counter
registers are shown in Figure 9-5.

Figure 9-5. Timer/Port Counter Registers

7 0
TPCNT1
04Ch 27 26 25 24 | 23 22 21 20
rw rw rw rw rw rw rw rw
7 0
TPCNT2
04Dh 27 26 25 24 | o3 22 21 20
rw w r'w r'w w rw rw w
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9.3.1.2 Timer/Port Data Register

The data register holds the value of the six outputs, the 16-bit mode control bit,
and the comparator control bit, as shown in Figure 9-5.

Figure 9-6. Timer/Port Data Register
7 0

TPD
04Eh B16 | CPON | TPD.5 | TPD.4 | TPD.3 | TPD.2 | TPD.1 | TPD.O

w-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0

Bits 0to5: Bits TPD.0 to TPD.5 hold the data for the output pins TPx.0 to
TPx.5. The values are applied to these pins when the three-state
output is enabled by TPE.O to TPE.5. They are reset with a PUC.

Bit 6: The comparator CPON bit enables the comparator. It is reset with
a PUC. Current consumption is reduced by disabling the
comparator when not in use.

Bit 7: Control bit B16 selects 8- or 16-bit operation.

B16 = 0: 8-bit counter mode is selected. TPCNT1 and TPCNT2
are independent 8-bit counters.

B16 = 1: 16-bit counter mode is selected. TPCNT1 and TPCNT2
form one 16-bit counter.

9.3.1.3 Timer/Port Enable Register

The Timer/Port enable register contains the enable bits for the six outputs and
two bits for clock source selection for TPCNT2.

Figure 9-7. Timer/Port Enable Register

7 0
TPE
TPSSEL [ TPSSEL
04Fh 3 5 | TPES | TPE4 | TPE3 [TPE2 | TPE1| TPEO

rw-1  rw-1 rw-0O rw-0O rw-0O rw-0 rw-0 rw-0

Bits 0 to 5:Bits TPE.O to TPE.5 are the enable bits for outputs TPx.0 to TPx.5.
The bits are reset with a PUC, with the resulting outputs being in
the high impedance state.

Note:

TPE.5 must be reset to use pin TPx.5 as an input.
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Bits 6, 7:

Timer/Port clock source-select bits TPSSEL2 and TPSSEL3 select
the clock source for TPCNT2 when bit B16 is reset, as shown in
Table 9-5. In 16-bit mode (B16 = 1) the clock source for counters
TPCNT1 and TPCNT2 are identical and are selected by TPSSELO
and TPSSEL1.

Table 9-5. Counter TPCNTZ2 Clock Sources

9-10

B16 TPSSel3 TPSSel2 CLK2
0 0 0 TPIN.5
0 0 1 ACLK
0 1 0 MCLK
0 1 1 MCLK
1 X X =CLK1




Timer/Port Interrupts

9.4 Timer/Port Interrupts

The Timer/Port has one interrupt vector sourced by up to three interrupt flags
(RC1FG, RC2FG, and EN1FG), as shown in Figure 9-8. When in 8-bit mode,
all three flags source the Timer/Port interrupt. When in 16-bit mode, only flags
RC2FG and EN1FG source the interrupt. The Timer/Port interrupt service
routine should check the flags to determine the source of a Timer/Port interrupt
and handle it appropriately. All three flags must be reset by software. Note that
even though RC1FG is inactive in 16-bit mode, an interrupt request will be
generated (if enabled) when set by software.

Figure 9-8. Timer/Port Interrupt Scheme
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EN1 >—Op>

B16 —O| D AN

Q —I_/ :)—9 Request_Interrupt_Service
TPIE —

RC1 >—Op>
HIGH D Q
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The Timer/Port interrupt is enabled by the TPIE bit located in the SFR register
IE2. The bit must be set to enable the Timer/Port interrupt. The initial state is
reset. See chapter 3 for a discussion of the IEX registers.

Note:

When software is used to stop the counter via the ENA and ENB bits, flags
RC1FG and RC2FG may be set (as appropriate, according to 8- or 16-bit
mode) if the counter(s) roll over at the same time.
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9.5 Timer/Port in an ADC Application

9-12

In addition to supporting a variety of counting and timing applications, the Uni-
versal Timer/Port also supports slope A/D conversion. Slope A/D conversion
is extremely useful in sensor applications where the sensor is either resistive
or capacitive.

In general, slope A/D conversion involves comparing the discharge times of
two RC networks—one with a known time constant, and one with a sensor
controlling the time constant. The value of the sensor can then be determined
by a simple ratio of the discharge times.

For example, to use the Universal Timer/Port to measure a resistive sensor,
one would first charge and discharge an RC network, made up of a known
resistor value and a known capacitor value, while measuring the discharge
time. Next, the known resistor would be replaced in the circuit by the unknown
sensor and the charge/discharge cycle would be repeated, again measuring
the discharge time. The value of the sensor could then be calculated by
dividing the discharge times and multiplying by the known resistor value.

All of the required charging, discharging, timing, and switching of the resistors
or capacitors can be done completely with the Universal Timer/Port, its high-
impedance outputs, and its integrated comparator.

See the MSP430 Application Report Book and other application notes for
details and circuit diagrams on using the Universal Timer/Port in slope A/D
applications.

Application notes may be downloaded from www.ti.com/sc/msp430.



Chapter 10

Timers

The MSP430 microcontrollers offer a variety of very flexible timers that can be

used to support a wide array of applications while also optimizing ultralow-
power operation.

Topic Page
10.1 BasiC TImMerL ..o 10-2
10.2 8-Bit Interval Timer/Counter ...t 10-7
10.3 The Watchdog Timer . ....... .o 10-13
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Basic Timerl

10.1 Basic Timerl

The Basic Timerl (shown in Figure 10-1) supplies other peripheral modules
or the software with low frequency control signals. The Basic Timer1 operation
supports two independent 8-bit timing/counting functions, or one 16-bit

timing/counting function.

Some uses for the Basic Timerl include:

[ Real-time clock (RTC)

(1 Debouncing keys (keyboard)
] Software time increments

Figure 10-1. Basic Timerl Configuration
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10.1.1 Basic Timerl Registers

The Basic Timerl register is byte structured, and should be accessed using
byte processing instructions (suffix .B). Table 10—1 describes the Basic Timerl
registers.

Table 10-1.Basic Timerl Registers

Register Short Form  Register Type Address Initial State
BT Control BTCTL Read/write 040h Unchanged
BT Counter 1 BTCNT1 Read/write 046h Unchanged
BT Counter 2 BTCNT2 Read/write 047h Unchanged

Note:  The user’s software should configure these registers at power-up, as there is no defined
initial state.

10.1.1.1 Basic Timerl Control Register

The information stored in the control register determines the operation of Basic
Timerl. The state of the different bits selects the frequency source, the
interrupt frequency, and the framing frequency of the LCD control circuitry as
shown in Figure 10-2.

Figure 10-2. Basic Timerl Control Register

7 0
BTCTL
040h | SSEL | Hold | DIV [FRFQL|FRFQO| IP2 IP1 IPO
rw rw rw rw rw rw rw rw

Bits 0 to 2: The three least-significant bits IP2 to IPO determine the interrupt
interval time. It is the interval of consecutive settings of the
interrupt-request flag BTIFG, as illustrated in Figure 10-3.

Bits 3 to 4:The two bits FRFQ1 and FRFQO select the frequency f cp as
described in Figure 10-3. Devices with the LCD peripheral on the
chip use this frequency to generate the timing of the common and

select lines.
Bit 5: See hit 7.
Bit 6: The hold bit stops the counter operation.

BTCNT2 is held if the hold bit is set.
BTCNT1 is held if the hold and DIV bits are set.

Bit 7: The SSEL and DIV bits select the frequency source for BTCNT2,
as described in Table 10-2.
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Table 10-2.BTCNTZ2 Input Frequency Sources

SSEL DIV CLK2
0 0 ACLK
0 1 ACLK/256
1 0 MCLK
1 1 ACLK/256

Figure 10-3. Basic Timerl Control Register Function

7 0
BTCTL
040h SSEL Hold DIV | FRFQ1|FRFQO| IP2 IP1 IPO
rw rw rw rw rw rw rw rw
‘ ‘ ‘ Interrupt
Frequency
0| 0] offcye2
0| 0| 1]t
0O | 1] 0| fcike8
0 1 1 | foLkp/16
1 10 | 0 |foikof32
1 0 1 | foLko/64
1| 1| 0 |fo ko128
1| 1| 1| fo o256
0| 0 fLep = facLk/32
0o | 1 fLep = facL/64
1] o0 fLep = facLk/128
1] 1 fLep = facLk/256

10.1.1.2 Basic Timerl Counter BTCNT1

The Basic Timerl counter BTCNT1, shown in Figure 10—4 divides the auxiliary
clock ACLK. The frame frequency for the LCD-drive is selected from four
outputs of the counter’s bits. The output of the most significant bit can be used
for the clock input to the second counter BTCNT2. The value of bits QO to Q7
can be read, and the software can write to bits QO to Q7.

Figure 10—4. Basic Timerl Counter BTCNT1
7 0
27 26 25 24 23 22 21 20

BTCNT1
046h

rw w rw w w w 'w w
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10.1.1.3 Basic Timerl Counter BTCNT2

The Basic Timerl counter BTCNTZ2, shown in Figure 10-5, divides the input-
clock frequency. The input-clock source can be MCLK, ACLK, or ACLK/256.
The interrupt period can be selected using IPO to IP2, located in the Basic
Timerl control register BTCTL. It selects one of the eight bits of BTCNT2 as
the source signal to set the Basic Timerl interrupt flag BTIFG. The value of the
counter bits can be read, as well as written.

Figure 10-5. Basic Timerl Counter BTCNTZ2

7 0
27 26 25 24 23 22 21 20

BTCNT2
047h

w rw 'w w r'w w w 'w

10.1.2 Special Function Register Bits

Two SFR bits pertain to the Basic Timerl Interrupt:

[J Basic Timerl interrupt flag (BTIFG) (located in IFG2.7)
[J Basic Timerl interrupt enable (BTIE) (located in IE2.7)

The BTIFG flag indicates that a Basic Timerl interrupt is pending and is reset
automatically when the interrupt is accepted.

The BTIE bit enables or disables the interrupt from the Basic Timerl and is
reset with a PUC. The Basic Timerl interrupt is also enabled or disabled with
the general interrupt enable bit, GIE.

10.1.3 Basic Timerl Operation

The Basic Timerl is constantly incremented by the selected clock source.

The hold bit inhibits all functions of the module and reduces power
consumption. The Basic Timerl registers may be accessed at any time,
regardless of the state of the hold bit.

An interrupt can be used to control system operation. The interrupt is a single
source interrupt.

The basic timer can operate in two different modes:

(1 Two independent 8-Bit Timer/Counters
[ One 16-bit timer/counter
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10.1.3.1 8-Bit Counter Mode

In the 8-Bit Timer/Counter mode, counter BTCNT1 is incremented constantly
with ACLK. When reading the counters, the user should be aware that the
counter clock and CPU clock may be asynchronous. Therefore, special
software consideration may be required to assure a correct reading.

The BTCNT2 clock signal can be selected to be MCLK, ACLK, or ACLK/256
using the control signals SSEL and DIV. Counter BTCNTZ2 is incremented with
the signal selected.

One of the eight counter outputs can be selected to set the Basic Timerl
interrupt flag. Read and write access can be asynchronous when ACLK or
ACLK/256 is selected.

The hold bit stops all operations.

10.1.3.2 16-bit Counter Mode

The 16-bit timer/counter mode is selected when control bit DIV is set. In this
mode, the clock source of counters BTCNT1 and BTCNT2 is the ACLK signal.

The hold bit stops all operations.

10.1.4 Basic Timerl Operation: Signal f | cp

10-6

The LCD controller uses the f|_ cp signal from the Basic Timer1 to generate the
timing for common and segment lines. The frequency of signal f cp is
generated from ACLK. Using a 32,768-Hz crystal, the f| cp frequency can be
1024 Hz, 512 Hz, 256 Hz, or 128 Hz. Bits FRFQ1 and FRFQO allow the
correct selection of frame frequency. The proper frequency f| cp depends on
the LCD'’s requirement for framing frequency and LCD multiplex rate and is
calculated by:

fLcp = 2 x MUX rate * frraming

A 3 MUX example follows:

LCD data sheet: frraming = 100 Hz .... 30 Hz

FRFQ: fLep = 6 * frraming
fLcp =6 x 100 Hz =600 Hz ... 6 x 30 Hz = 180 Hz
Select f cp: 1024 Hz, 512 Hz, 256 Hz, or 128 Hz
fLcp = 32,768/128 = 256 Hz FRFQ1 =1; FRFQO =0

See the LCD Driver chapter for more details on the LCD driver.
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10.2 8-Bit Interval Timer/Counter

The 8-Bit Timer/Counter supports three major application functions:

[ Serial communication or data exchange
(1 Pulse counting or pulse accumulation
(1 Timing

Figure 10-6 shows the 8-Bit Timer/Counter functions.

Figure 10-6. 8-Bit Timer/Counter

Interrupt Request |

-
|

I POIE.1 —— IRQPO.L |
| POIES.1 —m D— |
| po1 POIFG.1 |
I Q_El 1 Set I
| T Q |
| |
| |
| |

—1 ™ Clear
lJ IRQA: Interrupt Request Accepted
1 G1 I
ISCTL P0.1 —8bT/C Interrupt Logic
N, S, | MDB
'y
Carry 8b  |e 8b
Counter Preload
+ —D Q iD Enable
Reg.
> Clear ¢ 8 N|
Detect Start Q Load
Cond. CLK
Write To TCDAT ? 8
P 1
MCLK » 3
ACLK P 2
L | 4
T -
N SSEL1 MSB
B SSELO
r - A
| PODIR2 | ISCTL
| EN1 I TXE
EN2 1 < _ 8
I P0.2 - | [ POOUT.2 I ‘ENCNT <
| <— | _RXACT
-
| | | PUC TXD
| I | Set 1 RXD
| ® i QD dp 0 LsB
L | < > gt Interval/Timer ¥
T Control Register
TXD_FF RXD_FF
PUC
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10.2.1 Operation of 8-Bit Timer/Counter

The 8-Bit Timer/Counter includes the following major blocks:
(1 8-bit up-counter with a preload register

8-bit control register

Input clock selector

Edge detection, (for example, a start bit of asynchronous protocols)

U ooduu

Input and output data latch, triggered by the carry-out signal from the 8-bit
counter

10.2.1.1 8-Bit Timer/Counter With Preload Register

The 8-bit counter counts up with the selected input clock. Two counter inputs,
load and enable, control the operation.

Figure 10-7 shows the 8-bit counter functions.

Figure 10-7. 8-Bit Counter Example

8-Bit Preload Register

Y

Counter is loaded with 037h Carry Clock Selected Via

each tlme the carry signal 4+— 8b Counter CLK J¢— Input Multiplexer
goes high. Load Enable
CLK
Q7-Q0 | FA | FB | FC | FD | FE | FF[ | 00/37] 38 | 39 | 3A | 3B |
CARRY
LOAD

<4 NCLK =100h — 037h —.‘

Either of two events controls the load function: a carry from the counter or a
write access loads the counter with the data of the preload register. Note that
writing to the counter (TCDAT register) loads the counter with the preload
value, not the contents of the write instruction.

The software may write or read the preload register. The preload register acts
as a buffer and can be written to immediately after the load of the counter is
complete.

When the enable signal is set high, the counter counts up each time a
positive-clock edge is applied to the counter’s clock input.
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10.2.1.2 8-Bit Control Register

The information stored in the 8-bit control register selects the operating mode
of the timer/counter and controls the function.

10.2.1.3 Input Clock Selector

Two bits in the 8-bit control register select the source for the clock input of the
8-bit counter. The four sources are the system clock MCLK, the auxiliary clock
ACLK, the external signal from pin P0.1, and the signal from the logical .AND.
of MCLK and pin PO.1.

10.2.1.4 Edge Detection

Serial protocols such as UART need start-bit edge detection at the receiver to
determine the start of data transmission. This edge detection is supported by
the 8-Bit Timer/Counter and used to implement a UART with the timer.

10.2.1.5 Input and Output Data Latch, RXD_FF and TXD_FF

The clock used to latch data into the input and output data latches is the carry
signal from the 8-bit counter. Both latches are used as single-bit buffers and
change their outputs with the predefined timing.

10.2.2 8-Bit Timer/Counter Registers

The timer/counter registers, described in Table 10-3, are accessed using byte
instructions.

Table 10-3.8-Bit Timer/Counter Registers

Register Short Form  Register Type Address Initial State
TC Control TCCTL Read/write 042h Reset

Preload TCPLD Read/write 043h Unchanged
Counter TCDAT Read/(write) 044h Unchanged

10.2.2.1 8-Bit Timer/Counter Control Register

The information stored in the control register, as shown in Figure 10-8,
determines the operation of the 8-Bit Timer/Counter.

Figure 10-8. 8-Bit Timer/Counter Control Register

7 0
TCCTL
SSEL1 | SSELO| ISCTL TXE |ENCNT|RXACT| TXD RXD
042h
rw—0 rw-0 rw-0 rw-0 rw—0 rw-0 rw-0 r(-1)
Bit O: Bit RXD is read only. The signal from external pin P0.1 is latched

with the carry signal of the 8-bit counter.

Bit 1: Register bit TXD is buffered and clocked out with the carry signal
from the 8-bit counter at pin P0.2 .

Timers 10-9



8-Bit Interval Timer/Counter

Table 10-4.Clock Input Source

10-10

Bit 2:

Bit 3:

Bit 4:

Bit 5:

Bit RXACT controls the edge detect logic. The edge detect logic
needs a reset ENCNT bit (bit 3) for correct counter-enable
operation.

RXACT = 0: The edge-detect FF is cleared and it cannot be the
source for enabling the counter operation.

RXACT = 1: The edge-detect FF is enabled. A positive or
negative edge at pin P0.1, selected by POIES.1, sets the FF, and
the counter is prepared for count operation. Once the FF is set, it
remains set until it is reset with RXACT = 0.

Bit ENCNT sets the counter-enable signal. The 8-bit counter
increments its value with each rising edge of the clock input.

Together with bit RXACT (bit2, 0), this bit provides start/stop
operation.

Signal TXE controls the three-state output buffer for the TXD bit:

TXE =0: The direction control bit PODIR.2 (see 1/O chapter)
determines if the buffer is active or in high-impedance
state.

TXE =1: Output buffer active (independent of the value of
PODIR.2)

Signal ISCTL controls the interrupt source between the I/O pin P0.1

and the carry signal of the 8-bit counter.

ISCTL=0: The I/O pin P0.1 is the source of interrupt POIFG.1.

ISCTL =1: The carry signal from the 8-bit counter is the source
of interrupt POIFG.1.

Bits 6, 7: Bits SSELO and SSEL1 select the source of the clock input.

Table 10—4 describes the clock input source.

SSEL1 SSELO Clock Source
0 0 Signal at pin P0.1 (according to POIES.1)
1 0 MCLK
0 1 ACLK
1 1 Signal pin P0.1(according to POIES.1) .AND. MCLK
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10.2.2.2 8-Bit Timer/Counter Preload Register

The information stored in the preload register, not the data included with the
instruction, is loaded into the 8-bit counter when a write access to the counter
(TCDAT) is performed, as shown in the following code:

;========= Definitions

Dummy .EQU O ; Value for dummy is not loaded into
; counter

TCDAT .EQU 044h ; Address of 8-Bit Timer/Counter

;==Write pre-load register contents to 8-bit Timer/Counter=
MOV.B #Dummy,&TCDAT

The pre-load register (TCPLD) can be accessed using the
address 043h.

10.2.2.3 8-Bit Counter Data

The data of the 8-bit counter can be read using address 044h. Writing to the
counter loads the contents of the preload register—not the data included with
the instruction.

10.2.3 Special Function Register Bits, 8-Bit Timer/Counter Related

The 8-Bit Timer/Counter has no individual interrupt bits; it shares the interrupt
bits with port PO. Bit ISCTL, in control register TCCTL, selects the interrupt
source for the interrupt flag.

The port0 signal P0.1/RXD, or the carry signal of the 8-bit counter is used for
the interrupt source. One SFR bit and one port PO bit configure the interrupt
events on P0.1/RXD.1 as follows:

1 PO.1/RXD interrupt enable POIE.1 (located in IE1.3, initial state is reset)

[J PO.1/RXD interrupt edge select POIES.1 (located in POIES, initial state is
reset)

The interrupt flag is a single-source flag that automatically resets when the
processor system services the interrupt. The enable bit and edge select bit
remain unchanged.

10.2.4 Implementing a UART With the 8-Bit Timer/Counter

The 8-Bit Timer/Counter is uniquely capable ofimplementing a UART function,
with the following features:

[ Automatic start-bit detection — even from all ultralow-power modes
Hardware baud-rate generation

Hardware latching of RXD and TXD data

Baud rates of 75 to 115,200 baud

I R
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Figure 10-9.

This UART implementation is different from other microcontroller
implementations where a UART may be implemented with general-purpose
I/0 and manual bit manipulation via software polling. Those implementations
require great CPU overhead and therefore increase power consumption and
decrease the usability of the CPU.

In this particular implementation, the 8-Bit Timer/Counter is configured as the
baud clock and waits for the start bit. With the falling edge of the start bit, the
counter begins counting (see Figure 10-9).

Start Bit Detection
POIES.1 —|A I 8b
Counter
PO.1 VCC —|D Q Enable
1
_ > Clear
1
Edge
DetectT CLK
RXACT /‘\
ENCNT

Clock Source

Note that no CPU overhead is required for the start-bit detection. Start-bit
detection is automatic and occurs if the processor is in active mode, or low
power modes 0—4. When the counter reaches full-scale, the TXD and RXD
data is automatically latched, the baud rate is automatically preloaded into the
counter, the counter automatically begins counting, and an interrupt is
generated for the CPU to retrieve the RXD data or write the next TXD data.
Software overhead is only required to read and write the RXD and TXD data.
(see Figure 10-10).

Figure 10-10. Data Latching

10-12

Carry b
Counter

A

CLK

Clock Source

P‘UC
Set
TXD Q D |— To POOUT.2 FromP0.1 — D QF—RXD
< > set
TXD_FF RXD_FF |

PUC

A complete application note including connection diagrams and complete
software listing, may be found at www.ti.com/sc/msp430.
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10.3 The Watchdog Timer

The primary function of the watchdog-timer module (WDT) is to perform a
controlled-system restart after a software problem occurs. If the selected time
interval expires, a system reset is generated. If the watchdog function is not
needed in an application, the module can work as an interval timer, to generate
an interrupt after the selected time interval. The WDT diagram is shown in
Figure 10-11.

Figure 10-11. Schematic of Watchdog Timer

See Interrupt
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Int.

WDTCNT WDTCTL MbB

Q6 0 —»]
Q9 L —»
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Q13
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EQU
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HOLD

vyYy
i

ACLK

l -
NMIES
«
NMI
TMSEL
CNTCL
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IS1 -
LSB
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Watchdog Timer
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Some features of the Watchdog Timer include:

a
a
a

Eight software-selectable time intervals
Two operating modes: as watchdog or interval timer

Expiration of the time interval in watchdog mode, which generates a
system reset; or in timer mode, which generates an interrupt request

Safeguards which ensure that writing to the WDT control register is only
possible using a password

Support of ultralow-power using the hold mode
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10.3.1 Watchdog Timer Register

The watchdog-timer counter (WDTCNT) is a 16-bit up-counter that is not
directly accessible by software. The WDTCNT is controlled through the
watchdog-timer control register (WDTCTL), shown in Figure 10-12, which is
a 16-bit read/write register located at the low byte of word address 0120h. Any
read or write access must be done using word instructions with no suffix or .w
suffix. In both operating modes (watchdog or timer), it is only possible to write
to WDTCTL using the correct password.

Figure 10-12. Watchdog Timer Control Register

15 8 7 0
WDOTSEE HoLp|NmiES| nmi [TmselenTey sseL | 1s1 | 1so
w—0 w0 rw-0 rmw-0 row) rw-0 rw-0 rw-0
WDTCTL 4 069h >
read
WDTCTL 4 o5An >

write

Bits 0, 1: Bits 1SO and IS1 select one of four taps from the WDTCNT, as
described in Table 10-5. Assuming ferystal = 32,768 Hz and
fsystem = 1 MHz, the following intervals are possible:

Table 10-5.WDTCNT Taps

SSEL IS1 ISO  Interval [ms]

0 1 1 0064 tyclk *x28

0 1 0 05 tmeLk x 29

1 1 1 1.9 tacLk x 28

0 0 1 8 tmeLk * 213

1 1 0 16.0  tacLk *x 29

0 0 0 32 tmeLk X 215 <— Value after PUC (reset)
1 0 1 250 tacLk x 213

1 0 0 1000 tacik x 215

Bit 2: The SSEL bit selects the clock source for WDTCNT.
SSEL =0: WDTCNT is clocked by MCLK.
SSEL =1: WDTCNT is clocked by ACLK.

Bit 3: Counter clear bit. In both operating modes, writing a 1 to this bit
restarts the WDTCNT at 00000h. The value read is not defined.

Bit4: The TMSEL bit selects the operating mode: watchdog or timer.
TMSEL = 0: Watchdog mode
TMSEL = 1: Interval-timer mode
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Bit 5: The NMI bit selects the function of the RST/NMI input pin. It is
cleared by the PUC signal.
NMI = 0: The RST/NMI input works as reset input.
As long as the RST/NMI pin is held low, the internal
signal is active (level sensitive).
NMI = 1: The RST/NMI input works as an edge-sensitive non-
maskable interrupt input.

Bit 6: If the NMI function is selected, this bit selects the activating edge
of the RST/NMI input. It is cleared by the PUC signal.
NMIES = 0: A rising edge triggers an NMI interrupt.
NMIES = 1: A falling edge triggers an NMI interrupt.
CAUTION: Changing the NMIES bit with software can generate
an NMI interrupt.

Bit 7: This bit stops the operation of the watchdog counter. The clock
multiplexer is disabled and the counter stops incrementing. It holds
the last value until the hold bit is reset and the operation continues.
It is cleared by the PUC signal.

HOLD =0: The WDT is fully active.
HOLD =1: The clock multiplexer and counter are stopped.

10.3.1.1 Accessing the WDTCTL (Watchdog Timer Control Register)

Figure 10-13.

Figure 10-14.

The WDTCTL register can be read or written to. As illustrated in Figure 10-13,
WDTCTL can be read without the use of a password. A read access is
performed by accessing word address 0120h. The low byte contains the value
of WDTCTL. The value of the high byte is always read as 069h.

Reading WDTCTL

WDTCTL
0120h 01 1 o0 1 0 0 1 Read Data

rr r r rr rr rw-x, (w)

Write access to WDTCTL, illustrated in Figure 10-14, is only possible using
the correct high-byte password. To change register WDTCTL, write to word
address 0120h. The low byte contains the data to write to WDTCTL. The high
byte is the password, which is 05Ah. A system reset (PUC) is generated if any
value other than 05Ah is written to the high byte of address 0120h.

Writing to WDTCTL
15 8 7 0

WDTCTL _
0120h 0 1 O 1 1 0 1 0 Write Data

(W) (w) (W) (W) (w) (w) (W) (W) rw-x, (W)
5 A
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10.3.2 Watchdog Timer Interrupt Control Functions

The Watchdog Timer (WDT) uses two bits in the SFRs for interrupt control.

(1 The WDT interrupt flag (WDTIFG) (located in IFG1.0, initial state is reset)
[ The WDT interrupt enable (WDTIE) (located in IEL.0, initial state is reset)

When using the watchdog mode, the WDTIFG flag is used by the reset
interrupt service routine to determine if the watchdog caused the device to
reset. If the flag is set, then the Watchdog Timer initiated the reset condition
(either by timing out or by a security key violation). If the flag is cleared, then
the PUC was caused by a different source. See chapter 3 for more details on
the PUC and POR signals.

When using the Watchdog Timer in interval-timer mode, the WDTIFG flag is
set after the selected time interval and a watchdog interval-timer interrupt is
requested. The interrupt vector address in interval-timer mode is different from
that in watchdog mode. In interval-timer mode, the WDTIFG flag is reset
automatically when the interrupt is serviced.

The WDTIE bit is used to enable or disable the interrupt from the Watchdog
Timer when it is being used in interval-timer mode. Also, the GIE bit enables
or disables the interrupt from the Watchdog Timer when it is being used in
interval-timer mode.

10.3.3 Watchdog Timer Operation

The WDT module can be configured in two modes: watchdog and the interval-
timer modes.

10.3.3.1 Watchdog Mode

10-16

When the WDT is configured to operate in watchdog mode, both a watchdog
overflow and a security violation trigger the PUC signal, which automatically
clears the appropriate system register bits. This results in a system
configuration for the WDTCTL bits where the WDT is set into the watchdog
mode and the RST/NMI pin is switched to the reset configuration.

After a power-on reset or a system reset, the WDT module automatically
enters the watchdog mode and all bits in the WDTCTL register and the
watchdog counter (WDTCNT) are cleared. The initial conditions at register
WDTCTL cause the WDT to start running at a relatively-low frequency, due to
the range of the digitally-controlled oscillator (DCO) automatically being set in
these situations. Since the WDTCNT is reset, the user software has ample
time to set up or halt the WDT and to adjust the system frequency.



10.3.3.2 Timer Mode

The Watchdog Timer

When the module is used in watchdog mode, the software should periodically
reset the WDTCNT by writing a 1 to bit CNTCL of WDTCTL to prevent
expiration of the selected time interval. If a software problem occurs and the
time interval expires because the counter is no longer being reset, a system
reset is generated and a system PUC signal is activated. The system restarts
at the same program address that follows a power up. The cause of reset can
be determined by testing bit 0 of interrupt flag register 1 in the SFRs. The
appropriate time interval is selected by setting bits SSEL, 1S0, and IS1
accordingly.

Setting WDTCTL register bit TMSEL to 1 selects the timer mode. This mode
provides periodic interrupts at the selected time interval. A time interval can
also be initiated by writing a 1 to bit CNTCL in the WDTCTL register.

When the WDT is configured to operate in timer mode, the WDTIFG flag is set
after the selected time interval, and it requests a standard interrupt service.
The WDT interrupt flag is a single-source interrupt flag and is automatically
reset when itis serviced. The enable bit remains unchanged. In interval-timer
mode, the WDT interrupt-enable bit and the GIE bit must be set to allow the
WDT to request an interrupt. The interrupt vector address in timer mode is
different from that in watchdog mode.

Note: Watchdog Timer, Changing the Time Interval

Changing the time interval without clearing the WDTCNT may result in an
unexpected and immediate system reset or interrupt. The time interval must
be changed together with a counter-clear command using a single
instruction (for example, MOV #05A0Ah,&WDTCTL).

Changing the clock source during normal operation may resultin anincorrect
interval. The timer should be halted before changing the clock source.

10.3.3.3 Operation in Low-Power Modes

The MSP430 devices have several low-power modes. Different clock signals
are available in different low-power modes. The requirements of the user’s
application and the type of clocking circuit on the MSP430 device determine
how the Watchdog Timer and clocking signals should be configured. Review
the clock-system chapter to determine the clocking circuit, clock signals, and
low-power modes available. For example, the WDT should not be configured
in watchdog mode with MCLK as its clock source if the user wants to use
low-power mode 3 because MCLK is not active in LPM3, therefore the WDT
would not function properly.

The WDT hold condition can also be used to support low power operation. The
hold condition can be used in conjunction with low-power modes when
needed.
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10.3.3.4 Software Example
The following example illustrates the watchdog-reset operation.

; After RESET or power—up, the WDTCTL register and WDTCNT
; are cleared and the initial operating conditions are
; watchdog mode with a time interval of 32 ms.

:Constant definitions:
WDTCTL .EQU 0120h ; Address of Watchdog Timer
WDTPW .EQU 05A00h; Password

T250MS .EQU 5 : SSEL, IS0, IS1 set to 250 ms
TOS5MS .EQU 2 ; SSEL, IS0, IS1 setto 0.5 ms
CNTCL .EQU 8 ; Bit position to reset WDTCNT

TMSEL .EQU 010h ; Bit position to select timer mode

; As long as watchdog mode is selected, watchdog reset has
; to be done periodically through an instruction e.g.:

MOV #WDTPW+CNTCL,&WDTCTL

; To change to timer mode and a time interval of 250 ms,
; the following instruction sequence can be used:

MOV #WDTPW+CNTCL+TMSEL+T250MS,&WDTCTL
: Clear WDTCNT and
; select 250 ms and timer
; mode

; Note: The time interval and clear of WDTCNT should be

: modified within one instruction to avoid
; unexpected reset or interrupt

; Switching back to watchdog mode and a time interval of
; 0.5 ms is performed by:

MOV #WDTPW+CNTCL,&WDTCTL ; Reset WDT counter

MOV #WDTPW+TO5MS,&WDTCTL ; Select watchdog mode
;and 0.5 ms
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Chapter 11

Timer_A

This section describes the basic functions of the MSP430 general-purpose
16-bit Timer_A.

Note:

Throughout this chapter, the word countis used in the text. As used in these
instances, itrefers to the literal act of counting. It means that the counter must
be in the process of counting for the action to take place. If a particular value
is directly written to the counter, then the associated action will not take place.
For example, the CCRO interrupt flag is set when the timer counts up to the
value in CCRO. The counter must countfrom CCR0O-1 to CCRO. If the CCRO
value were simply written directly to the timer with software, the interrupt flag
would notbe set, even though the values in the timer and the CCRO registers
are the same.

Topic Page
11.1 INtrodUCHiON .. oot e 11-2
11.2 Timer_A Operation . ...ttt 11-4
11.3 TiIMer MOAes . ... e 11-6
11.4 Capture/Compare Blocks ... ... ... 11-13
11.5 The Output Unit .. ... oo e 11-19
11.6 Timer_A RegiSters . ...ttt 11-25
11.7 Timer_A UART . e 11-34

111



Introduction

11.1 Introduction

11-2

Timer_A is an extremely versatile timer made up of :
[0 16-bit counter with 4 operating modes
[ Selectable and configurable clock source

(1 Five independently configurable capture/compare registers with
configurable inputs

[ Five individually configurable output modules with 8 output modes

Timer_A can support multiple, simultaneous, timings; multiple capture/
compares; multiple output waveforms such as PWM signals; and any com-
bination of these.

Additionally, Timer_A has extensive interrupt capabilities. Interrupts may be
generated from the counter on overflow conditions and from each of the cap-
ture/compare registers on captures or compares. Each capture/compare
block is individually configurable and can produce interrupts on compares or
on rising, falling, or both edges of an external capture signal.

The block diagram of Timer_A is shown in Figure 11-1.



Figure 11-1. Timer_A Block Diagram
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11.2 Timer_A Operation

The 16-bit timer has 4 modes of operation selectable with the MCO and MC1
bits in the TACTL register. The timer increments or decrements (depending on
mode of operation) with each rising edge of the clock signal. The timer can be
read or written to with software. Additionally, the timer can generate an inter-
rupt with its ripple-carry output when it overflows.

11.2.1 Timer Mode Control

The timer has four modes of operation as shown in Figure 11-2 and described
in Table 11-1: stop, up, continuous, and up/down. The operating mode is soft-
ware selectable with the MCO and MCL1 bits in the TACTL register.

Figure 11-2. Mode Control

Data
15 i 0
Timer Clock 16-Bit Timer » Mode
——PBCLK
RC Control |¢— Equo
T o ) =
Carry/Zero MC1  MCO Set_TAIFG
POR
0 0 Stop Mode
0 1 Up Mode
1 0 Continuous Mode
1 1  Up/Down Mode
Table 11-1. Timer Modes
Mode Control
MC1 MCO | Mode Description
0 0 Stop The timer is halted.
0 1 Up The timer counts upward until value is equal to
value of compare register CCRO.
1 0 Continuous | The timer counts upward continuously.
1 1 Up/Down The timer counts up until the timer value is

equal to compare register 0 and then it counts
down to zero.

11-4
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11.2.2 Clock Source Select and Divider

The timer clock can be sourced from internal clocks (i.e. ACLK, MCLK) or from
an external source (TACLK) as shown in Figure 11-3. The clock source is se-
lectable with the SSELO and SSEL1 bits in the TACTL register. It is important
to note that when changing the clock source for the timer, errant timings can
occur. For this reason it is recommended to stop the timer before changing the
clock source.

The selected clock source may be passed directly to the timer or divided by
2,4, or 8, as shown in Figure 11-4. The ID0 and ID1 bits in the TACTL register
select the clock division. Note that the input divider is reset by a POR signal
(see chapter 3, System Resets, Interrupts, and Operating Modes for more in-
formation on the POR signal) or by setting the CLR bit in the TACTL register.
Otherwise, the input divider remains unchanged when the timer is modified.
The state of the input divider is invisible to software.

Figure 11-3. Schematic of 16-Bit Timer

SSEL1 SSELO

1,

TACLK
ACLK —o
MCLK o,

INCLK — o

1

Timer Clock Data
0 I 15
Input 16-Bit Timer »  Mode
L >CLK
Divider RC Control |¢— Equo
T ; \ } } >
ID1 DO Carry/Zero 1 Mco Set_TAIFG
POR/CLR
0 0 Pass 0 0  Stop Mode
0 1 12 0 1 Up Mode
1 0 1/4 1 0  Continuous Mode
1 1 1/8 1 1 Up/Down Mode

Figure 11-4. Schematic of Clock Source Select and Input Divider

SSEL1 SSELO
1,

TACLK
ACLK —o
MCLK__o

INCLK —o

Input Divider

1 T QT QFHT Q » 16-Bit Timer Clock

C C C
2 \ +
3 o |

D1 DO POR CLR
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0 1 1/2

1 0 1/4

1 1 1/8
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11.2.3 Starting the Timer

11.3 Timer Modes

The timer may be started or restarted in a variety of ways:

[ Release Halt Mode: The timer countsin the selected direction when atim-
er mode other than stop mode is selected with the MCx bits.

(1 Halted by CCRO = 0, restarted by CCRO > 0 when the mode is either up
or up/down: When the timer mode is selected to be either up or up/down,
the timer may be stopped by writing O to capture/compare register O
(CCRO0). The timer may then be restarted by writing a non-zero value to
CCRO. In this scenario, the timer starts incrementing in the up direction
from zero.

[ Setting the CLR bit in TACTL register: Setting the CLR bit in the TACTL
register clears the timer value and input clock divider value. The timer in-
crements upward from zero with the next clock cycle as long as stop-mode
is not selected with the MCx bits.

[0 TARisloaded with 0: When the counter (TAR register) is loaded with zero
with a software instruction the timer increments upward from zero with the
next clock cycle as long as stop-mode is not selected with the MCx bits.

11.3.1 Timer — Stop Mode

Stopping and starting the timer is done simply by changing the mode control
bits (MCx). The value of the timer is not affected.

When the timer is stopped from up/down mode and then restarted in up/down
mode, the timer counts in the same direction as it was counting before it was
stopped. For example, if the timer is in up/down mode and counting in the down
direction when the MCx bits are reset, when they are set back to the up/down
direction, the timer starts counting in the down direction from its previous
value. If this is not desired in an application, the CLR bit in the TACTL register
can be used to clear this direction memory feature.

11.3.2 Timer — Up Mode

11-6

The up mode is used if the timer period must be different from the 65,536
(16-bit) clock cycles of the continuous mode period. The capture/compare
register CCRO data define the timer period.

The counter counts up to the content of compare register CCRO, as shown in
Figure 11-5. When the timer value and the value of compare register CCRO
are equal (or if the timer value is greater than the CCRO value), the timer
restarts counting from zero.
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Figure 11-5. Timer Up Mode

OFFFFh
CCRO

Flag CCIFGO is set when the timer equals the CCRO value. The TAIFG flag is
set when the timer counts from CCRO to zero. All interrupt flags are set
independently of the corresponding interrupt enable bit, but an interrupt is
requested only if the corresponding interrupt enable bit and the GIE bit are set.
Figure 11-6 shows the flag set cycle.

Figure 11-6. Up Mode Flag Setting

Timer
Clock

NSNS\

Timer _Xccro-1Xccro X_on X 1h X Xccro-tccro X_oh X _1n X

Set Flag

TAIFG
Set Flag
CCIFGO

LN\ |
™

11.3.2.1 Timer in Up Mode — Changing the Period Register CCRO Value

Changing the timer period register CCRO while the timer is running can be a
little tricky. When the new period is greater than or equal to the old period, the
timer simply counts up to the new period and no special attention is required
(see Figure 11-7). However, when the new period is less than the old period,
the phase of the timer clock during the CCRO update affects how the timer
reacts to the new period.

If the new, smaller period is written to CCRO during a high phase of the timer
clock, then the timer rolls to zero (or begins counting down when in the
up/down mode) on the nextrising edge of the timer clock. However, if the new,
smaller period is written during a low phase of the timer clock, then the timer
continues to increment with the old period for one more clock cycle before
adopting the new period and rolling to zero (or beginning counting down). This
is shown in Figure 11-8.

Timer_A 11-7
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Figure 11-7. New Period > Old Period

Timer
Register

CCROold =2
CCROnew =3

ccro [ 2 R

Figure 11-8. New Period < Old Period

Timer _ Timer
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CCROnew =2
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11-8

|
Timer X n 'X n+t1 X _Oornt ><:
CCRO CCRold X CCRnew

Load New CCRO
During Low Phase of Clock

T Up mode: 0; up/down mode: n



Timer Modes

11.3.3 Timer — Continuous Mode

The continuous mode is used if the timer period of 65,536 clock cycles is used
for the application. A typical application of the continuous mode is to generate
multiple, independent timings. In continuous mode, the capture/compare
register CCRO works in the same way as the other compare registers.

The capture/compare registers and different output modes of each output unit
are useful to capture timer data based on external events or to generate
various different types of output signals. Examples of the different output
modes used with timer-continuous mode are shown in Figure 11-25.

In continuous mode, the timer starts counting from its present value. The
counter counts up to OFFFFh and restarts by counting from zero as shown in
Figure 11-9.

Figure 11-9. Timer Continuous Mode

OFFFFh

Oh

The TAIFG flag is set when the timer countsfrom OFFFFh to zero. The interrupt
flag is set independently of the corresponding interrupt enable bit, as shown
in Figure 11-10. Aninterrupt is requested if the corresponding interrupt enable
bit and the GIE bit are set.

Figure 11-10. Continuous Mode Flag Setting

Timer
Clock

Timer _X_Frre X Frre X on X 1h X X rrre XFrre X_oh X an X

Set Interrupt
Flag TAIFG
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11.3.3.1 Timer — Use of the Continuous Mode

The continuous mode can be used to generate time intervals for the
application software. Each time an interval is completed, an interrupt can be
generated. In the interrupt service routine of this event, the time until the next
event is added to capture/compare register CCRx as shown in Figure 11-11.
Up to five independent time events can be generated using all five
capture/compare blocks.

Figure 11-11. Output Unit in Continuous Mode for Time Intervals

OFFFFh

Interrupt Events A U AT Ac D Ac D Ac D A At Ach A D Ac I A T A

CCRof CCROI

CCROicﬁ/ CCR;CROK /
CCROC / CCRO //

CCROb CCROh
CCROa // CCROg // ccRom
Oh |/ LT

Time intervals can be produced with other modes as well, where CCRO is used
as the period register. Their handling is more complex since the sum of the old
CCRx data and the new period can be higher than the CCRO value. When the
sum CCRxold plus At is greater than the CCRO data, the CCRO value must be
subtracted to obtain the correct time interval. The period is twice the value in
the CCRO register.

11.3.4 Timer — Up/Down Mode

The up/down mode is used if the timer period must be different from the 65,536
clock cycles, and if symmetrical pulse waveform generation is needed. In
up/down mode, the timer counts up to the content of compare register CCRO,
then back down to zero, as shown in Figure 11-12. The period is twice the
value in the CCRO register.

Figure 11-12. Timer Up/Down Mode

11-10
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Oh
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The up/down mode also supports applications that require dead times
between output signals. For example, to avoid overload conditions, two
outputs driving an H-bridge must never be in a high state simultaneously. In
the following example (see Figure 11-13), the tgeaq IS:

tdead = ttimer X (CCR1 — CCR3)=
With:  tgeag Time during which both outputs need to be inactive
timer Cycle time of the timer clock

CCRx Content of capture/compare register x

Figure 11-13. Output Unit in Up/Down Mode (11)

OFFFFh
CCRO
CCR1
CCR3 \
Oh
—» <4 | —» <4 DeadTime
Output Mode 6: PWM Toggle/Set
| Output Mode 2: PWM Toggle/Reset
TAIFG EQUL EQUL TAIFG EQU1 EQU1 Interrupt Events

EQU3 EQUO EQUS3 EQU3 EQUO EQU3

The count direction is always latched with a flip-flop (Figure 11-14). This is
useful because it allows the user to stop the timer and then restart it in the same
direction it was counting before it was stopped. For example, if the timer was
counting down when the MCx bits were reset, then it will continue counting in
the down direction if it is restarted in up/down mode. If this is not desired, the
CLR bitinthe TACTL register must be used to clear the direction. Note that the
CLR bit affects other setup conditions of the timer. Refer to Section 11.6 for a
discussion of the Timer_A registers.

Figure 11-14. Timer Up/Down Direction Control

POR CLR
in TACTL

Set Up/Down For
Up/Down Mode

} b Q ) 16-B_|t Timer TAR
TAR => CCRO —— Low: Down Direction

High: Up Direction

Timer Clock ——— > Reset
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In up/down mode, the interrupt flags (CCIFGO0 and TAIFG) are set at equal time
intervals (Figure 11-15). Each flag is set only once during the period, but they
are separated by 1/2 the timer period. CCIFGO is set when the timer counts
from CCRO0O-1 to CCRO, and TAIFG is set when the timer completes counting
down from 0001h to 0000h. Each flag is capable of producing a CPU interrupt
when enabled.

Figure 11-15.Up/Down Mode Flag Setting

Timer
Clock

Timer

Up/Down

Set
CCIFGO
Set
TAIFG
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\
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11.3.4.1 Timer In Up/Down Mode — Changing the Value of Period Register CCRO

Changing the period value while the timer is running in up/down mode is even
trickier than in up mode. Like in up mode, the phase of the timer clock when
CCRO is changed affects the timer’s behavior. Additionally, in up/down mode,
the direction of the timer also affects the behavior.

If the timer is counting in the up direction when the new period is written to
CCRO, the conditions in the up/down mode are identical to those in the up
mode. See Section 11.3.2.1 for details. However, if the timer is counting in the
down direction when CCRO is updated, it continues its descent until it reaches
zero. The new period takes effect only after the counter finishes counting down
to zero. See Figure 11-16.

Figure 11-16.Altering CCRO — Timer in Up/Down Mode

11-12
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11.4 Capture/Compare Blocks

Five identical capture/compare blocks (shown in Figure 11-17) provide
flexible control for real-time processing. Any one of the blocks may be used
to capture the timer data at an applied event, or to generate time intervals.
Each time a capture occurs or a time interval is completed, interrupts can be
generated from the applicable capture/compare register. The mode bit CAPX,
in control word CCTLX, selects the compare or capture operation and the
capture mode bits CCMx1 and CCMx0 in control word CCTLx define the
conditions under which the capture function is performed.

Both the interrupt enable bit CCIEx and the interrupt flag CCIFGx are used for
capture and compare modes. CCIEx enables the corresponding interrupt.
CCIFGx is set on a capture or compare event.

The capture inputs CCIxA and CCIxB are connected to external pins or internal
signals. Different MSP430 devices may have different signals connected to
CCIxA and CCIxB. The data sheet should always be consulted to determine
the Timer_A connections for a particular device.

Figure 11-17.Capture/Compare Blocks

CCISx1 CCISx0
1,

CCIxXA

CCIxB —=© L
GND —© 2
Vee —© 3

Overflow x
Logic |— COVx
Timer Bus
CAPXx ]
— 1 r O -
Capture Capture Capture/Compare Register
Mode CCRX

CCMx1 CCMx0

U

0 0 Disabled
0 1 Positive Edge Comparator x (
1 0 Negative Edge CAPx
1 1 Both Edges EQUX 0
1 O
Set_CCIFGx
EN
YI— SCCIx
¢ A
CClIx
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11.4.1 Capture/Compare Block — Capture Mode

The capture mode is selected if the mode bit CAPX, located in control word
CCTLx, is set. The capture mode is used to fix time events. It can be used for
speed computations or time measurements. The timer value is copied into the
capture register (CCRXx) with the selected edge (positive, negative, or both) of
the input signal. Captures may also be initiated by software as described in
section 11.4.1.1.

If a capture is performed:
[0 The interrupt flag CCIFGX, located in control word CCTLYX, is set.

(1 Aninterrupt is requested if both interrupt enable bits CCIEx and GIE are
set.

The input signal to the capture/compare block is selected using control bits
CCISx1 and CCISx0, as shown in Figure 11-18. The input signal can be read
at any time by the software by reading bit CCIx. The input signal may also be
latched with compare signal EQUXx (see SCCIx bit below) when in compare
mode. This feature was designed specifically to support implementing serial
communications with Timer_A. See section 11.7 for more details on using
Timer_A as a UART.

Figure 11-18. Capture Logic Input Signal

CCISx1 CCIsx0

1,

CCIXA

CCIxB —© 1
GND —© 2
Vee —© 3

11-14

CAPx
NP EQUx —e—— 1o
vty oo

Capture 0, Set_CCIFGx

Mode T .

i ——20
‘ ‘ Timer Synchronize
CCMx1 CCMx0 Clock Capture SCSx Capture
0 0 Disabled
0 1 Positive Edge
1 0 Negative Edge
1 1 Both Edges EN v scem
¢ A
CCIx

The capture signal can also be synchronized with the timer clock to avoid race
conditions between the timer data and the capture signal. This is illustrated in
Figure 11-19. The bit SCSx in capture/compare control register CCTLXx
selects the capture signal synchronization.



Timer Modes

Figure 11-19. Capture Signal

Timer
Clock

Timer _X_n2 X nl )7

CCIx Y2y
Capture \ }/_\

Set
CCIFGx

Applications with slow timer clocks can use the nonsynchronized capture
signal. In this scenario the software can validate the data and correct it if
necessary as shown in the following example:

; Software example for the handling of asynchronous
; capture signals

; The data of the capture/compare register CCRx are taken
; by the software in the according interrupt routine

; — they are taken only after a CCIFG was set.

; The timer clock is much slower than the system clock

; MCLK.

bCRx_Int_hand ; Start of interrupt
; handler

CMP  &CCRx,&TAR ; Test if the data
; CCRX =TAR
JEQ Data_Valid
MOV  &TAR,&CCRx ; The data in CCRx is
; wrong, use the timer data
Data_Valid ; The data in CCRx are valid

RETI
Overflow logic is provided with each capture/compare register to flag the user
if a second capture is performed before data from the first capture was read
successfully. Bit COVx in register CCTLx is set when this occurs as shown in
Figure 11-20.

Timer_A 11-15
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Figure 11-20. Capture Cycle

11-16
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Capture
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Capture
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Second
Capture
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Overflow bit COVx is reset by the software as described in the following
example:

; Software example for the handling of captured data
; looking for overflow condition

; The data of the capture/compare register CCRx are taken
; by the software and immediately with the next

; instruction the overflow bit is tested and a decision is

; made to proceed regularly or with an error handler

bCRx_Int_hand ; Start of handler Interrupt

MOV &CCRx,RAM_Buffer
BIT #COV,&CCTLX
JNZ Overflow_Hand

RETI

Overflow_Hand  BIC #COV,&CCTLx ; reset capture

; overflow flag
; get back to lost
; synchronization

RETI

Note: Capture With Timer Halted

The capture should be disabled when the timer is halted. The sequence to
follow is: stop the capture, then stop the timer. When the capture function is
restarted, the sequence should be: start the capture, then start the timer.




Timer Modes

11.4.1.1 Capture/Compare Block, Capture Mode — Capture Initiated by Software

In addition to internal and external signals, captures can be initiated by
software. This is useful for various purposes, such as:

[J To measure time used by software routines
[J To measure time between hardware events
[ To measure the system frequency

Two bits, CCISx1 and CCISx0, and the capture mode selected by bits CCMx1
and CCMxO0 are used by the software to initiate the capture. The simplest
realization is when the capture mode is selected to capture on both edges of
CClx and bit CCISx1 is set. Software then toggles bit CCISx0 to switch the
capture signal between V¢ and GND, initiating a capture each time the input
is toggled, as shown in Figure 11-21.

Figure 11-21. Software Capture Example

ccsxy _ _
CCISx0 S/ \ /
CClIx / \ /
Capture _/\ /\ /\
CCISx1 CCISx0
| | CMPx
0 | F
CCIxA 1
IXB —©O Capture
CClx 2 MF(;de ——— Capture
GND —© 3
Vee —O
cc ccix | |
CCMx1 CCMx0
Both Edges Selected 1 1

The following is a software example of a capture performed by software:

; The data of capture/compare register CCRx are taken

; by the software. It is assumed that CCMx1, CCMxO0, and
; CCISx1 bits are set. Bit CCISO selects the CClx

; signal to be high or low.

XOR  #CCISX0, &CCTLx

Timer_A 11-17
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11.4.2 Capture/Compare Block — Compare Mode

11-18

The compare mode is selected if the CAPx bit, located in control word CCTLX,
is reset. In compare mode all the capture hardware circuitry is inactive and the
capture-mode overflow logic is inactive.

The compare mode is most often used to generate interrupts at specific time
intervals or used in conjunction with the output unit to generate output signals
such as PWM signals. If the timer becomes equal to the value in compare
register x, then:

[ Interrupt flag CCIFGX, located in control word CCTLY, is set.
(1 An interrupt is requested if interrupt enable bits CCIEx and GIE are set.

(1 Signal EQUXx is output to the output unit. This signal affects the output
OUTYX, depending on the selected output mode.

The EQUO signal is true when the timer value is greater or equal to the CCRO
value. The EQU1 to EQU4 signals are true when the timer value is equal to
the corresponding CCR1 to CCR4 values.
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11.5 The Output Unit

Each capture/compare block contains an output unit shown in Figure 11-22.
The output unit is used to generate output signals such as PWM signals. Each
output unit has 8 operating modes that can generate a variety of signals based
on the EQUO and EQUx signals. The output mode is selected with the OMXx
bits located in the CCTLXx register.

Figure 11-22. Output Unit
OUTx

I_> SI OUTx Signal
EQUO Output D et Q
EQUX >—» Control Timer Clock
Q Block Reset
POR
‘_
R OUTx

OMx2 OMx1 OMx0

0 0  Output mode: OUTx signal reflects the value of the OUTx bit
Set mode: OUT x signal reflects the value of signal EQUx
PWM toggle/reset: EQUx toggles OUTx. EQUO resets OUTx.
PWM set/reset: EQUXx sets OUTx. EQUO resets OUTx
Toggle: EQUx toggles OUTx signal.

Reset: EQUx resets OUTX.

PWM toggle/set: EQUx toggles OUTx. EQUO sets OUTX.
PWM reset/set: EQUx resets OUTx. EQUx sets OUTX.

PR RPrRRPROOOO
PR OORRO
RPORrROROPR

Note:  OUTXx signal updates with rising edge of timer clock for all modes except
mode 0.
Modes 2, 3, 6, 7 not useful for output unit 0.
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11.5.1 Output Unit — Output Modes

The output modes are defined by the OMx bits and are discussed below. The
OUTXx signal is changed with the rising edge of the timer clock for all modes
except mode 0. Output modes 2, 3, 6, and 7 are not useful for output unit 0.

Output mode 0: Output mode:
The output signal OUTx is defined by the OUTx bit in control
register CCTLx. The OUTx signal updates immediately
upon completion of writing the bit information.

Output mode 1: Set mode:
The output is set when the timer value becomes equal to
capture/compare data CCRXx. It remains set until a reset of
the timer, or until another output mode is selected.

Output mode 2: PWM toggle/reset mode:
The output is toggled when the timer value becomes equal
to capture/compare data CCRXx. It is reset when the timer
value becomes equal to CCRO.

Output mode 3: PWM set/reset mode:
The output is set when the timer value becomes equal to
capture/compare data CCRx. Itisresetwhen the timer value
becomes equal to CCRO.

Output mode 4: Toggle mode:
The output is toggled when the timer value becomes equal
to capture/compare data CCRx. The output period is double
the timer period.

Output mode 5: Reset mode:
The output is reset when the timer value becomes equal to
capture/compare data CCRx. It remains reset until another
output mode is selected.

Output mode 6: PWM toggle/set mode:
The output is toggled when the timer value becomes equal
to capture/compare data CCRXx. It is set when the timer
value becomes equal to CCRO.

Output mode 7: PWM toggle/set mode:
The output is reset when the timer value becomes equal to
capture/compare data CCRx. It is set when the timer value
becomes equal to CCRO.
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11.5.2 Output Control Block

The output control block prepares the value of the OUTx signal, which is
latched into the OUTx flip-flop with the next positive timer clock edge, as shown
in Figure 11-23 and Table 11-2. The equal signals EQUx and EQUO are
sampled during the negative level of the timer clock, as shown in Figure 11-23.

Figure 11-23. Output Control Block
OUTx

|_' ' OUTX Signal
EQUO Output p Set Q
EQUX >— Control Timer Clock
Block Reset
POR
._
K OUTx

OMx2 OMx1 OMx0

The timer is Incremented with the rising edge of the timer clock.

IS I

mf\f\;f;\g”%H;

TiTr;c;r X 2 X n_ll X In ([ ferrrorccrl 0 X

><

I |

I |

| | | |

EQUXx / | \ | ! I
| | ! |

| CCRx=n | | |

| |

EQUO / TAR=0 \

or
TAR = CCRO

I
EQUO, Delayed l/_\_

Used in Up Mode Only

EQUO delayed is used in up mode, not EQUO. EQUO is active high when
TAR = CCRO. EQUO delayed is active high when TAR = 0.
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Table 11-2. State of OUTx at Next Rising Edge of Timer Clock

Mode EQUO EQUX D
0 X X X(OUTX bit)
1

OUTx (no change)
1 (set)

OUTx (no change)
OUTXx (toggle)

0 (reset)

1 (set)

OUTXx (no change)
1 (set)

0 (reset)

1 (set)

OUTx (no change)
OUTXx (toggle)

OUTXx (no change)
0 (reset)

OUTx (no change)
OUTXx (toggle)

1 (set)

0 (reset)

OUTXx (no change)
0 (reset)

1 (set)

0 (reset)

PRPOO|IRPPRPOO|IX X|IX X|PPOO|PFPOO|X X
POPRPOIPOPFRPO|PO|IPO|IPOPFRPO|POPFRP O]+ O

11.5.3 Output Examples

The following are some examples of possible output signals using the various
timer and output modes.

11.5.3.1 Output Examples — Timer in Up Mode

The OUTx signal is changed when the timer counts up to the CCRx value, and
rolls from CCRO to zero, depending on the output mode, as shown in Figure
11-24.
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Figure 11-24. Output Examples — Timer in Up Mode

OFFFFh Example, EQU1 Used
CCRO
CCR1 r
Oh
————— Output Mode 1: Set
————— o Output Mode 2: PWM Toggle/Reset
————— Output Mode 3: PWM Set/Reset
————— " | Output Mode 4: Toggle
Output Mode 5: Reset
_____ - me 6: PWM Toggle/Set
_____ [~ Output Mode 7: PWM Reset/Set
EQUO EQUL EQUO EQU1 EQUO Interrupt Events

11.5.3.2 Output Examples — Timer in Continuous Mode

The OUTXx signal is changed when the timer reaches the CCRx and CCRO
values, depending on the output mode, as shown in Figure 11-25.

Figure 11-25. Output Examples — Timer in Continuous Mode

OFFFFh
CCRO
CCR1 / /
Oh
T Output Mode 1: Set
T Output Mode 2: PWM Toggle/Reset
— — — Output Mode 3: PWM Set/Reset
T T But_plFMode 4: Toggle
Output Mode 5: Reset
| - Output Mode 6: PWM Toggle/Set
Output Mode 7: PWM Reset/Set
TAOV EQU1 EQUO TAOV EQU1 EQUO Interrupt Events
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11.5.3.3 Output Examples — Timer in Up/Down Mode

The OUTx signal changes when the timer equals CCRx in either count
direction and when the timer equals CCRO, depending on the output mode, as
shown in Figure 11-26.

Figure 11-26. Output Examples — Timer in Up/Down Mode (1)

OFFFFh
CCRO
CCR3
. AN
[ Output Mode 1: Set
1 [Output Mode 2: PWM Toggle/Reset
L Output Mode 3: PWM Set/Reset
I S e S A —_1'Output Mode 4: Toggle
[ Output Mode 5: Reset
I Output Mode 6: PWM Toggle/Set
T Output Mode 7: PWM Reset/Set
TIMOV 5 EQUO £ ;3 TIMOV £ s EQUO Lioya interrupt Events
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11.6 Timer_A Registers

The Timer_Aregisters, described in Table 11-3, are word-structured and must
be accessed using word instructions.

Table 11-3. Timer_A Registers

Register Short Form  Register Type  Address Initial State
Timer_A control TACTL Read/write 160h POR reset
Timer_A register TAR Read/write 170h POR reset
Cap/com control 0 CCTLO Read/write 162h POR reset
Capture/compare 0  CCRO Read/write 172h POR reset
Cap/com control 1 CCTL1 Read/write 164h POR reset
Capture/compare 1  CCR1 Read/write 174h POR reset
Cap/com control 2 CCTL2 Read/write 166h POR reset
Capture/compare 2  CCR2 Read/write 176h POR reset
Cap/com control 3 CCTL3 Read/write 168h POR reset
Capture/compare 3  CCR3 Read/write 178h POR reset
Cap/com control 4 CCTL4 Read/write 16Ah POR reset
Capture/compare 4  CCR4 Read/write 17Ah POR reset
Interrupt vector TAIV Read 12Eh (POR reset)

11.6.1 Timer_A Control Register TACTL

The timer and timer operation control bits are located in the timer control
register (TACTL) shown in Figure 11-27. All control bits are reset automati—
cally by the POR signal, but are not affected by the PUC signal. The control
register must be accessed using word instructions.

Figure 11-27.Timer_A Control Register TACTL

15 0

TACTL ! ' ' ' ' In;laut In||3ut Mode Un-

160h . . Unlused . . Select Divider Coptrol used

rw- rw- rw- rw- rw-  rw- r'w- r'w- rw- 'w- rw- rw 'w- w-  rw- rw-

© © © ©o O O O @© © © © O O O O ©

CLR | TAIE |TAIFG]

Bit O: TAIFG: This flag indicates a timer overflow event.
Up mode: TAIFG is set if the timer counts from CCRO
value to 0000h.
Continuous mode:  TAIFG is set if the timer counts from
OFFFFh to 0000h.
Up/down mode: TAIFG is set if the timer counts down from
0001h to 0000h.

Bit 1: Timer overflow interrupt enable (TAIE) bit. Aninterrupt request from
the timer overflow bit is enabled if this bit is set, and is disabled if
reset.
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Bit 2:

Bit 3:

Timer clear (CLR) bit. The timer and input divider are reset with the
POR signal, or if bit CLR is set. The CLR bit is automatically reset
and is always read as zero. The timer starts in the upward direction
with the next valid clock edge, unless halted by cleared mode
control bits.

Not used

Bits 4, 5: Mode control: Table 11-4 describes the mode control bits.

Table 11-4. Mode Control

MC1 MCO Count Mode

Description

0

0
1
1

0

1
0
1

Stop

Up to CCRO
Continuous up
Up/down

Timer is halted.
Timer counts up to CCRO and restarts at 0.
Timer counts up to OFFFFh and restarts at 0.

Timer continuously counts up to CCRO and back
down to 0.

Bits 6, 7: Input divider control bits. Table 11-5 describes the input divider
control bits.

Table 11-5. Input Clock Divider Control Bits

ID1 IDO Operation Description
0 0 /1 Input clock source is passed to the timer.
0 1 2 Input clock source is divided by two.
1 0 14 Input clock source is divided by four.
1 1 /8 Input clock source is divided by eight.

Bits 8, 9: Clock source selection bits. Table 11-6 describes the clock source
selections.

Table 11-6. Clock Source Selection

SSEL1 SSELO O/P Signal

Comment

0 0 TACLK See data sheet device description

0 1 ACLK Auxiliary clock ACLK is used

1 0 MCLK System clock MCLK

1 1 INCLK See device description in data sheet
Bits 10 to 15: Unused
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Note: Changing Timer_A Control Bits

If the timer operation is modified by the control bits in the TACTL register, the
timer should be halted during this modification. Critical modifications are the
input select bits, input divider bits, and the timer clear bit. Asynchronous
clocks, input clock, and system clock can result in race conditions where the
timer reacts unpredictably.

The recommended instruction flow is:

1) Modify the control register and stop the timer.

2) Start the timer operation.
For example:
MOV #01C6,&TACTL ; ACLK/8, timer stopped, timer cleared
BIS #10h,&TACTL ; Start timer with up mode

11.6.2 Timer_A Register TAR

The TAR register is the value of the timer.

Figure 11-28. TAR Register

15 0
TAR I I I I I I I I I I I I I I I
170h Timer Value

rw-(0) lrw-(O)lrw-(O)l rw-(O;rw-(Ol) rw-(c;) rw-(ol)rw-(o; rw—(Ol) rw-(Ol) rw—(Ol) rvv-(Ol) rw-(O)lrw-(O; rw-(Ol) rw-(0)

Note: Modifying Timer A Register TAR

When ACLK or the external clock TACLK or INCLK is selected for the timer
clock, any write to timer register TAR should occur while the timer is not oper-
ating; otherwise, the results may be unpredictable. In this case, the timer
clock is asynchronous to the CPU clock MCLK and critical race conditions
exist.

11.6.3 Capture/Compare Control Register CCTLXx

Each capture/compare block has its own control word CCTLX, shown in
Figure 11-29. The POR signal resets all bits of CCTLX; the PUC signal does
not affect these bits.

Figure 11-29. Capture/Compare Control Register CCTLx
15 0
T T T
162h tgxl:g ’IA';]( C&ztc;‘ere ;2§:ét scs|scci|lunused cap | outmobx | ccig| car [ouT|coviceird
1 I

] ]
rw-(0) rw-(0) rw-(0) rw-(0)rw-(0) rw-(0) r-(0) rw-(0)rw-(0)rw-(0)rw-(0)rw-(0) r  rw-(0)rw-(0) rw-(0)
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Bit O:

Bit 1:

Bit 2:

Bit 3:

Bit 4:

Bits 5to 7:

11-28

Capture/compare interrupt flag CCIFGx

Capture mode:
If set, it indicates that a timer value was captured in the
CCRX register.

Compare mode:
If set, it indicates that a timer value was equal to the data
in the CCRX register.

CCIFGO flag:
CCIFGO is automatically reset when the interrupt request
is accepted.

CCIFG1 to CCIFG4 flags:
The flag that caused the interrupt is automatically reset
after the TAIV word is accessed. If the TAIV register is not
accessed, the flags must be reset with software.

No interrupt is generated if the corresponding interrupt
enable bit is reset, but the flag will be set. In this scenario,
the flag must be reset by the software.

Setting the CCIFGx flag with software will request an
interrupt if the interrupt-enable bit is set.

Capture overflow flag COV

Compare mode selected, CAP = 0:
Capture signal generation is reset. No compare event will
set COV hit.

Capture mode selected, CAP = 1:
The overflow flag COV is set if a second capture is
performed before the first capture value is read. The
overflow flag must be reset with software. It is not reset by
reading the capture value.

The OUTXx bit determines the value of the OUTx signal if the
output mode is 0.

Capture/compare input signal CCIx:
The selected input signal (CCIXA, CCIxB, Vcc. or GND) can be
read by this bit. See Figure 11-18.

Interrupt enable CCIEx: Enables or disables the interrupt
request signal of capture/compare block x. Note that the GIE bit
must also be set to enable the interrupt.

0: Interrupt disabled

1: Interrupt enabled

Output mode select bits:
Table 11-7 describes the output mode selections.
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Table 11-7. Capture/Compare Control Register Output Mode

Bit

Value Output Mode Description

0 Qutput only The OUTXx signal reflects the value of the OUTX bit
1 Set EQUx sets OUTx

2 PWM EQUXx toggles OUTx. EQUO resets OUTX.
toggle/reset

3 PWM set/reset EQUXx sets OUTx. EQUO resets OUTx

4 Toggle EQUXx toggles OUTXx signal.

5 Reset EQUXx resets OUTXx.

6 PWM EQUXx toggles OUTx. EQUO sets OUTXx.
toggle/set

7 PWM reset/set EQUX resets OUTx. EQUXx sets OUTX.

Note:  OUTx updates with rising edge of timer clock for all modes except mode 0.
Modes 2, 3, 6, 7 not useful for output unit 0.

Bit 8:

Bit 9:
Bit 10:

Bit 11:

Bits 12, 13:

Bits 14, 15:

CAP sets capture or compare mode.
0: Compare mode
1: Capture mode

Read only, always read as O.

SCCIXx bit:

The selected input signal (CCIxA, CCIXB, Vg, or GND) is
latched with the EQUX signal into a transparent latch and can be
read via this bit.

SCSx bit:

This bit is used to synchronize the capture input signal with the
timer clock.

0: asynchronous capture

1: synchronous capture

Input select, CCISO and CCIS1:
These two bits define the capture signal source. These bits are
not used in compare mode.

0 Input CCIxA is selected
1 Input CCIxB is selected
2 GND
3 Vce

Capture mode bits:
Table 11-8 describes the capture mode selections.

Table 11-8. Capture/Compare Control Register Capture Mode

\Ejglue Capture Mode Description

0 Disabled The capture mode is disabled.

1 Pos. Edge Capture is done with rising edge.

2 Neg. Edge Capture is done with falling edge.

3 Both Edges Capture is done with both rising and falling edges.
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Note: Simultaneous Capture and Capture Mode Selection

Captures must not be performed simultaneously with switching from
compare to capture mode. Otherwise, the result in the capture/compare reg-
ister will be unpredictable.

The recommended instruction flow is:

1) Modify the control register to switch from compare to capture.

2) Capture
For example:
BIS #CAP,&CCTL2 ; Select capture with register CCR2
XOR #CCIS1,&CCTL2 ; Software capture: CCIS0=0

; Capture mode = 3

11.6.4 Timer_A Interrupt Vector Register
Two interrupt vectors are associated with the 16-bit Timer_A module:
(1 CCRO interrupt vector (highest priority)

(1 TAIV interrupt vector for flags CCIFG1-CCIFGx and TAIFG.

11.6.4.1 CCRO Interrupt Vector

The interrupt flag associated with capture/compare register CCRO, as shown
in Figure 11-30, is set if the timer value is equal to the compare register value.

Figure 11-30. Capture/Compare Interrupt Flag

Capture

CCIEO

EQO IRQ, Interrupt_Service_Requested
CCRO = Timer _)7 p Set Q

CAP
Timer Clock —>

Reset
‘ IRACC, Interrupt_Request_Accepted

b

-

Capture/compare register 0 has the highest Timer_A interrupt priority, and
uses its own interrupt vector.
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11.6.4.2 Vector Word, TAIFG, CCIFG1 to CCIFG4 Flags

The CCIFGx (other than CCIFGO0) and TAIFG interrupt flags are prioritized and
combined to source a single interrupt as shown in Figure 11-31. The interrupt
vector register TAIV (shown in Figure 11-32) is used to determine which flag

requested an interrupt.

Figure 11-31. Schematic of Capture/Compare Interrupt Vector Word

Timer_A Registers

ccil S CCIFG1
S— [ D
CMP1 Sel CCIE1
Timer Clock — R
[ <
l
IRACC
ccl2 s CCIFG2
S [
CMP2 Sel CCIE2
Timer Clock — R
lIR ACC < Interrupt_Service_Riqueg
Ll
cci3 S CCIFG3
EQ3 —S ) Priority and
CMP3 ———|Sel CCIE3 Vector Word
Timer Clock ——— R Generator
' <
IRACC Interrupt_Vector_Address
»
ccis — s CCIFG4 »
s [ oD
CMP4 ————Sel CCIE4
Timer Clock ——— R
[ <
-
IRACC
Timer FFFF ———S TAIFG
Timer = CCRO ———{S }
XXX ——Sel TAIE
Timer Clock R
[ <
l
IRACC
Figure 11-32. Vector Word Register
15 0
TAIV ! !
19eh | © o] o oo o] o 0 o | o 0] o IntelrruprTctor 0

r0

r0 0

=

r0 ro

r0

ro

r0

ro

r0 r0

r0

r-(0) r-(0) r-(0) r0

The flag with the highest priority generates a number from 2 to 12 in the TAIV
register as shown in Table 11-9. (If the value of the TAIV register is 0, no
interrupt is pending.) This number can be added to the program counter to
automatically enter the appropriate software routine without the need for
reading and evaluating the interrupt vector. The software example in section
11.6.4.3 shows this technique.

Timer_A 11-31



Timer_A Registers

Table 11-9. Vector Register TAIV Description

Interrupt Vector Register
Priority Interrupt Source Short Form TAIV Contents
Highest!  Capture/compare 1 CCIFG1 2
Capture/compare 2 CCIFG2 4
Capture/compare 3 CCIFG3 6
Capture/compare 4 CCIFG4 8
Timer overflow TAIFG 10
Reserved 12
Lowest Reserved 14
No interrupt pending 0

T Highest pending interrupt other than CCIFGO. CCIFGO is always the highest priority Timer_A
interrupt.

Accessing the TAIV register automatically resets the highest pending interrupt
flag. If another interrupt flag is set, then another interrupt will be immediately
generated after servicing the initial interrupt. For example, if both CCIFG2 and
CCIFG3 are set, when the interrupt service routine accesses the TAIV register
(either by reading it or by adding it directly to the PC), CCIFG2 will be reset
automatically. After the RETI instruction of the interrupt service routine is
executed, the CCIFG3 flag will generate another interrupt.

Note: Writing to Read-Only Register TAIV

Register TAIV should not be written to. If a write operation to TAIV is
performed, the interrupt flag of the highest-pending interrupt is reset.
Therefore, the requesting interrupt event is missed. Additionally, writing to
this read-only register results in increased current consumption as long as
the write operation is active.

11.6.4.3 Timer Interrupt Vector Register, Software Example

11-32

The following software example describes the use of vector word TAIV and the
handling overhead. The numbers at the right margin show the necessary
cycles for every instruction. The example is written for continuous mode: the
time difference to the next interrupt is added to the corresponding compare
register.

; Software example for the interrupt part Cycles

Interrupt handler for Capture/Compare Module 0.
; The interrupt flag CCIFGO is reset automatically

TIMMODO ... ; Start of handler Interrupt latency 6
RETI 5

; Interrupt handler for Capture/Compare Modules 1 to 4.
; The interrupt flags CCIFGx and TAIFG are reset by

; hardware. Only the flag with the highest priority

; responsible for the interrupt vector word is reset.

TIM HND $ ; Interrupt latency 6
ADD &TAIV,PC ; Add offset to Jump table 3
RETI ; Vector 0: No interrupt 5
JMP TIMMOD1 ; Vector 2: Module 1 2
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JMP TIMMOD?2 : Vector 4: Module 2 2
JMP TIMMOD3 ; Vector 6: Module 3 2
JMP TIMMOD4 : Vector 8: Module 4 2

Module 5. Timer Overflow Handler: the Timer Register is
; expanded into the RAM location TIMEXT (MSBs)

TIMOVH ; Vector 10: TIMOV Flag
INC TIMEXT ; Handle Timer Overflow 4
RETI 5
TIMMOD?2 ; Vector 4: Module 2
ADD #NN,&CCR2 : Add time difference 5
; Task starts here
RETI ; Back to main program 5
TIMMOD1 ; Vector 2: Module 1
ADD #MM,&CCR1 ; Add time difference 5
; Task starts here
RETI ; Back to main program 5

; If all five CCR registers are not implemented on a
; device, the interrupt vectors for the register that are
; present must still be handled.

TIMMOD4
RETI ; Simply return 5

; The Module 3 handler shows a way to look if any other
; interrupt is pending: 5 cycles have to be spent, but
; 9 cycles may be saved if another interrupt is pending

TIMMOD3 ; Vector 6: Module 3
ADD #PP,&CCR3 ; Add time difference 5
; Task starts here
JMP TIM_HND ; Look for pending interrupts 2

.SECT "VECTORS”,0FFFOh ; Interrupt Vectors
; The vector address may be different for different
; devices.

.WORD TIM_HND ; Vector for Capture/Compare
; Module 1..4 and timer overflow
; TAIFG

.WORD TIMMODO ; Vector for Capture/Compare
; Module 0

If the FLL is turned off, then two additional cycles need to be added for a
synchronous start of the CPU and system clock MCLK.

The software overhead for different interrupt sources includes interrupt
latency and return-from-interrupt cycles (but not the task handling itself), as
described:

[J Capture/compare block CCRO 11 cycles
(] Capture/compare blocks CCR1 to CCR4 16 cycles
(1 Timer overflow TAIFG 14 cycles
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11.6.4.4 Timing Limits

With the TAIV register and the previous software, the shortest repetitive time
distance tcrmin between two events using a compare register is:

tcRmin = ttaskmax * 16 X teycle

With:  tiagskmax Maximum (worst case) time to perform the task during the
interrupt routine (for example, incrementing a counter)

teycle Cycle time of the system frequency MCLK

The shortest repetitive time distance tc| min between two events using a
capture register is:

tcLmin = ttaskmax * 16 X teycle

11.7 Timer_A UART

11-34

The Timer_A is uniquely capable of implementing a UART function, with the
following features:

[ Automatic start-bit detection — even from ultralow-power modes
Hardware baud-rate generation
Hardware latching of RXD and TXD data

Baud rates of 75 to 115,200 baud

I N N Ry I

Full-duplex operation

This UART implementation is different from other microcontroller implementa-
tions where a UART may be implemented with general-purpose 1/O and manu-
al bit manipulation via software polling. Those implementations require great
CPU overhead and therefore increase power consumption and decrease the
usability of the CPU.

The transmit feature uses one compare function to shift data through the
output unit to the selected pin. The baud rate is ensured by reconfiguring the
compare data with each interrupt.

The receive feature uses one capture/compare function to shift pin data into
memory through bit SCCIx. The receive start time is recognized by capturing
the timer data with the negative edge of the input signal. The same
capture/compare block is then switched to compare mode and the receive bits
are latched automatically with the EQUX signal. The interrupt routine collects
the bits for later software processing. Figure 11-33 illustrates the UART
implementation.
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Figure 11-33. UART Implementation
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One capture/compare block is used when half-duplex communication mode
is desired. Two capture/compare blocks are used for full-duplex mode.
Figure 11-34 illustrates the capture/compare timing for the UART.

Figure 11-34. Timer_A UART Timing

URXD Signal | | | | | <)<) | | | |
Capt
Co;pp::g | | | " §§
Receive | | | | |

Capture Compare Compare eoo Compare
Compare Compare (X1 Compare Compare

UTXD Signal | | | | | | | | |

mansme | | || YO N I
)]

Compare Compare eoe Compare Compare
Compare Compare X Compare Compare

N
S

J- A~
S~ S~

A complete application note including connection diagrams and complete soft-
ware listing may be found at www.ti.com/sc/msp430.
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Chapter 12

USART Peripheral Interface, UART Mode

The universal synchronous/asynchronous receive/transmit (USART) serial-
communication peripheral supports two serial modes with one hardware
configuration. These modes shift a serial bit stream in and out of the MSP430
at a programmed rate or at a rate defined by an external clock. The first mode
is the universal asynchronous receive/transmit (UART) communication
protocol; the second is the serial peripheral interface (SPI) protocol (discussed
in Chapter 13).

Bit SYNC in control register UCTL selects the required mode:
SYNC =0: UART — asynchronous mode selected
SYNC =1: SPI — synchronous mode selected

This chapter addresses the UART mode.
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12.1 USART Peripheral Interface

The USART peripheral interface connects to the CPU as a byte peripheral
module. It connects the MSP430 to the external system environment with
three or four external pins. Figure 12—1 shows the USART peripheral interface

module.

Figure 12-1. Block Diagram of USART

Receive Status Receive Buffer URXBUF SYNC RXE
yy * + + Listen MM, [ SYNC
OJ/OO o b SOMI
Receive Shift Register |4 j <
o—e—-o0
A 1 0| syNC URXD
SSEL1 SSELO « SYNC | ~
| | 0 Baud Rate Generator e 0
UCLKI . : | orE
ACLK —0 _ |
MCLK—o 2 Baud Rate Register UBR : ]
3
MCLK—o0 I SYNG ! UTXD
Baud Rate Generator L - >
! CLKS |
v I
I
WUT Transmit Shift Register > o——lo| SIMO
——
T 4 o
Transmit Buffer UTXBUF
TXWake CKPH  SYNC CKPL
UCLKI €¢— + + + UCLK
Clock Phase and Polarity ([¢»<__>
UCLKS <€
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12.2 USART Peripheral Interface, UART Mode

The USART peripheral interface is a serial channel that shifts a serial bit
stream of 7 or 8 bits in and out of the MSP430. The UART mode is chosen
when control bit SYNC in the USART control register (UCTL) is reset.

12.2.1 UART Serial Asynchronous Communication Features

Some of the UART features include:

a

Qa

d
a

Asynchronous formats that include idle line/address bit-communication
protocols

Two shift registers that shift a serial data stream into URXD and out of
UTXD

Data that is transmitted/received with the LSB first
Programmable transmit and receive bit rates

Status flags

Figure 12-2 shows the USART in UART mode.

Figure 12-2. Block Diagram of USART — UART Mode

SSEL1 SSELO
1
1 |

UCLKI

ACLK —O
MCLK —O
MCLK —o

2
3

Receive Status Receive Buffer URXBUF RXE I EYNC_ :_o-i
Listen L———_—
A A |
0
. . . o—<] URXD
Receive Shift Register |4 i
: i
1

Baud Rate Generator —» UCLKS

Baud Rate Register UBR

Baud Rate Generator

. . . LSB First
WuT »| Transmit Shift Register > ° > uUTXxD
Transmit Buffer UTXBUF
TXWake CKPL

v

Clock Polarity |4—<_] UCLK

UCLKI €+—
UCLKS —»
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12.3 Asynchronous Operation

In the asynchronous mode, the receiver synchronizes itself to frames but the
external transmitting and receiving devices do not use the same clock source;
the baud rate is generated locally.

12.3.1 Asynchronous Frame Format

The asynchronous frame format, shown in Figure 12-3, consists of a start bit,
seven or eight data bits, an even/odd/no parity bit, an address bit in address
bit mode, and one or two stop bits. The bit period is defined by the selected
clock source and the data in the baud rate registers.

Figure 12-3. Asynchronous Frame Format

Ist[po eoe D6 | D7 |AD |PA [SP | SP I__:: Zs;te

—

[2nd Stop Bit, SP = 1]
[Parity Bit, PENA = 1]
[Address Bit, MM = 1]
[Optional Bit, Condition] [8th Data Bit, CHAR = 1]

The receive (RX) operation is initiated by the receipt of a valid start bit. It begins
with a negative edge at URXD, followed by the taking of a majority vote from
three samples where two of the samples must be zero. These samples occur
at n/2-X, n/2, and n/2+X of the BRCLK periods following the negative edge.
This sequence provides false start-bit rejection, and also locates the center of
the bits in the frame, where the bits can be read on a majority basis. The timing
of X is /35 to /g3 times that of the BRCLK, depending on the division rate of
the baud rate generator and provides complete coverage of at least two
BRCLK periods. Figure 12—4 shows an asynchronous bit format.

Figure 12—4. Asynchronous Bit Format. Example for n or n + 1 Clock Periods

Falling Edge Majority Vote
on UEXD Taken From
Indicates Start bit URXD Data Line
/_/\_\ n—l n 1 2 3
H 3 n/l2-x n/2 n/2+x n+tl 1
UTXD 'E-! 1

‘4—‘— Data Bit Period = n or n+1 BRCLK Periods ———pl
\ \
URXD L | | | |

| \ \
Data Bit Period = n or n+1 BRCLK Periods
\ ' T
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12.3.2 Baud Rate Generation in Asynchronous Communication Format

Baud rate generation in the MSP430 differs from other standard
serial-communication interface implementations.

12.3.2.1 Typical Baud Rate Generation

Typical baud-rate generation uses a prescaler from any clock source and a
fixed, second-clock divider that is usually divide-by-16. Figure 12-5 shows a
typical baud-rate generation.

Figure 12-5. Typical Baud-Rate Generation Other Than MSP430

0 7 0 7
Select Clock Source |  UBRO |[  UBR1 | start

Clockt _[— s e = | Mpigi

o — BRCLK> 16-Bit Prescaler/Divider 6 B
s RC BITCLK
Clockn — BRSCLK
Start T |
H 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1
BRSCLK L

t 2t |

\

} Take Majority Vote of Receive Bit ‘
H
BITCLK | [

BRCLK

Baud rate = 0% 16

Typical baud-rate schemes often require specific crystal frequencies or cannot
generate some baud rates required by some applications. For example,

division factors of 18 are not possible, nor are noninteger factors such as
13.67.

12.3.2.2 MSP430 Baud Rate Generation

The MSP430 baud rate generator uses one prescaler/divider and a modulator
as shown in Figure 12—-6. This combination works with crystals whose
frequencies are not multiples of the standard baud rates, allowing the protocol
to run at maximum baud rate with a watch crystal (32,768 Hz). This technique

results in power advantages because sophisticated, MSP430 low-power
operations are possible.
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Figure 12—6. MSP430 Baud Rate Generation. Example for n or n + 1 Clock Periods

7 0 7
SSE'-ll S|SE'-0 UBRO | [ UBRL |  star
UCLKI (1) BROLK 147 A8 15
ACLK © . 15-Bit Prescaler/Divider L
2
MCLK —o Mg
MCLK —o 3 | Q1 see Q15|
T CompareOor 1 '\ Toggle
FF
> BITCLK
Shift Modulation Register Data |
<
Shift_out Shift_in
[ ; ]
0 7
Modulation Register UMOD
S H |
tart L
BRCLK T
Counter :nlz:n/2-1: n/2-2 L1 | o | n2|n2 [2] 1] 0 |n2|
1 |n/2 |n/2—1|n/2—2| | 1 | 0 | n/2 |n/2—1|
1 In/2 In/2-1|n/2-2I | 1 In/2 In/2—1|n/2—2I
H |
BITCLK | |
INT(n/2), m=0 ——
INT(n/2)+m(=1)
o n(Even), m=0 ——
Divide By n(Odd) or n(Even)+m(=1)

n(Odd)+m(=1)

The modulation register LSB is first used for modulation, which begins with the
start bit. A set modulation bit increases the division factor by one.

Example 12—-1. 4800 Baud

Assuming a clock frequency of 32,768 Hz for the BRCLK signal and a required
baud rate of 4800, the division factor is 6.83. The baud rate generation in the
MSP430 USART uses a factor of six plus a modulation register load of 6Fh
(0110 1111). The divider runs the following sequence: 7 —7 -7 -7 — 6 —
7 — 7 —6 and so on. The sequence repeats after all eight bits of the modulator
are used.

Example 12-2. 19,200 Baud

12-6

Assuming a clock frequency of 1.04 MHz (32 x 32,768 Hz) for the BRCLK
signal and arequired baud rate of 19,200, the division factor is 54.61. The baud
rate generation in the MSP430 USART uses a factor of 54 (36h) plus a
modulation register load of 0D5h. The divider runs the following sequence: 55
—54 -55-54-55-54-55-55, and so on. The sequence repeats after all
eight bits of the modulator are used.
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12.3.3 Asynchronous Communication Formats

The USART module supports two multiprocessor communication formats
when asynchronous mode is used. These formats can transfer information
between many microcomputers on the same serial link. Information is
transferred as a block of frames from a particular source to one or more
destinations. The USART has features that identify the start of blocks and
suppress interrupts and status information from the receiver until a block start
is identified. In both multiprocessor formats, the sequence of data exchanged
with the USART module is based on data polling, or on the use of the receive
interrupt features.

Both of the asynchronous multiprocessor formats—idle-line and address-bit
—allow efficient data transfer between multiple communication systems. They
can also minimize the activity of the system to save current consumption or
processing resources.

The control register bit MM defines the address bit or idle-line multiprocessor
format. Both use the wake-up-on-transfer mode by activating the TXWake bit
(address feature function) and RXWake bit. The URXWIE and URXIE bits
control the transmit and receive features of these asynchronous
communication formats.

12.3.4 Idle-Line Multiprocessor Format

In the idle-line multiprocessor format, shown in Figure 12—7, blocks of data are
separated by an idle time. An idle-receive line is detected when ten or more
1sin a row are received after the first stop bit of a character.

Figure 12—7. ldle-Line Multiprocessor Format

Block of Frames
— |
UTXD/URXD | I | I
% T | ” ll
‘ /‘

Idle Periods of 10 Bits or More

UTXD/URXD Expanded

\
\
\
\
\
\
\
\
UTXD/URXD —i

ST Address  [SP[sT|  Data sp |[s7|  Daa SP
First Frame Within Block Frame Within Block Frame Within Block
is Address. It Follows Idle
Period of 10 Bits or More Idle Period Less Than 10 Bits
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When two stop bits are used for the idle line, as shown in Figure 12-8, the
second one is counted as the first mark bit of the idle period. The first character
received after an idle period is an address character. The RXWake bit can be
used as an address tag for the character. In the idle-line multiprocessor format,
the RXWake bit is set when a received character is an address character and
is transferred into the receive buffer.

Figure 12—-8. USART Receiver Idle Detect

Example: One Stop Bit

Example: Two Stop Bits

Space ————— ‘

Space

4 10-BitIdle Period ——p,
|

XXXX | SP ST XXXXXXX

Mark

‘h— 10-Bit Idle Period ——)
Mark

XXXX | SP SP‘ ST| XXXXXXX

SP: Stop Bit
ST: Start Bit

Normally, if the USART URXWIE bit is set in the receive control register,
characters are assembled as usual by the receiver. They are not, however,
transferred to the receiver buffer, URXBUF, nor are interrupts generated.
When an address character is received, the receiver is temporarily activated
to transfer the character to URXBUF and to set the URXIFG interrupt flag.
Applicable error status flags are set. The application software can validate the
received address. If there is a match, the application software further
processes the data and executes the operation. If there is no match, the
processor waits for the next address character to arrive. The URXWIE bit is
not modified by the USART: it must be modified manually to receive
nonaddress or address characters.

In idle-line multiprocessor format, a precise idle period can be generated to
create efficient address character identifiers. The wake-up temporary (WUT)
flag is an internal flag and is double-buffered with TXWake. When the
transmitter is loaded from UTXBUF, WUT is loaded from TXWake, and the
TXWake bit is reset as shown in Figure 12-9.

Figure 12-9. Double-Buffered WUT and TX Shift Register

12-8

TXWake TX Buffer UTXBUF
¢ Start Bit  Parity Bit

WuT TX Shift Register ‘L L» TX Signal
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The following procedure sends out an idle frame to identify an address
character:

1) Setthe TXWake bit and then write any word (don’t care) to the UTXBUF
(UTXIFG must be set).

When the transmitter shift register is empty, the contents of UTXBUF are
shifted to the transmit shift register and the TXWake value is shifted to
WUT.

2) Set bit WUT, which suppresses the start, data, and parity bits and
transmits an idle period of exactly 11 bits, as shown in Figure 12—10.

The next data word, shifted out of the serial port after the address-
character identifying idle period, is the second word written to the UTXBUF
after the TXWake bit has been set. The first data word written is
suppressed while the address identifier is sent out and ignored thereafter.
Writing the first don't care word to UTXBUF is necessary to shift the
TXWAKE bit to WUT and generate an idle-line condition.

Figure 12-10. USART Transmitter Idle Generation

E le: One Stop Bit
xample: ne Stop = 4 11-BitIdie Period ——|
|

XXXX | SP ST| XXXXXXX

Mark

Space

Example: Two Stop Bits

‘h— 11-Bit Idle Period ——)
Mark

XXXX | SP SP‘ ST| XXXXXXX
Space ———— ‘

SP: Stop Bit
ST: Start Bit

12.3.5 Address -Bit Multiprocessor Format

In the address-bit multiprocessor format shown in Figure 12—11, characters
contain an extra bit used as an address indicator. The first character in a block
of data carries an address bit which indicates that the character is an address.
The RXWake bit is set when a received character is an address character. It
is transferred into the receive buffer (receive conditions are true).

Usually, if the USART URXWIE bit is set, data characters are assembled by
the receiver but are not transferred to the receiver buffer URXBUF, nor are
interrupts generated. When a character that has an address bit setis received,
the receiver is temporarily activated to transfer the character to URXBUF and
to set the URXIFG. Error status flags are set as applicable. The application
software processes the succeeding operation to optimize resource handling
or reduce current consumption. The application software can validate the
received address. If there is a match, the processor can read the remainder
of the data block. If there is not a match, the processor waits for the next
address character to arrive.
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Figure 12—11. Address-Bit Multiprocessor Format

,/ Block of Frames \‘

UTXD/URXD
IIIIIIIIIITIIIII

\ Idle Periods of No Significance

TXD/RXD Expanded

UTXD/URXD —l

sT|  Address [ifsP[sT| pata  [of[sPp [s7|  Dam [ofspP
First Frame Within Block ADDR/DATA Bitis 0
is an Address. The for Data Within Block.

ADDR/DATA Bitis 1 Idle Time is of No Significance

In the address-bit multiprocessor mode, the address bit of a character can be
controlled by writing to the TXWake bit. The value of the TXWake bit is loaded
into the address bit of that character each time a character is transferred from
transmit buffer UTXBUF to the transmitter. The TXWake bit is then cleared by
the USART.
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12.4 Interrupt and Enable Functions

The USART peripheral interface serves two main interrupt sources for
transmission and reception. Two interrupt vectors serve receive and transmit
events.

The interrupt control bits and flags and enable bits of the USART peripheral
interface are located in the SFR registers. They are discussed in Table 12-1.
See the peripheral file map in Appendix A for the exact bit locations.

Table 12-1.USART Interrupt Control and Enable Bits — UART Mode

Receive interrupt flag URXIFG Initial state reset (by PUC/SWRST)
Receive interrupt enable URXIE Initial state reset (by PUC/SWRST)
Receive enable (see note) URXE Initial state reset (by PUC)
Transmit interrupt flag UTXIFG Initial state set (by PUC/SWRST)
Transmit interrupt enable UTXIE Initial state reset (by PUC/SWRST)
Transmit enable.(see note) UTXE Initial state reset (by PUC)

Note:  Different for SPI mode, see Chapter 13.

The USART receiver and transmitter operate independently, but use the same
baud rate.

12.4.1 USART Receive Enable Bit

The receive enable bit URXE, shown in Figure 12-12, enables or disables
receipt of the bit stream on the URXD data line. Disabling the USART receiver
stops the receive operation after completion of receiving the character, or
stops immediately if no receive operation is active. Start-bit detection is also
disabled.

Figure 12—-12. State Diagram of Receiver Enable

No Valid Start Bit
URXE =0

Not Completed

URXE =1
Valid Start Bit

Idle State
(Receiver
Enabled)

Receiver
Collects
Character

Receive
Disable

Handle Interrupt
Conditions

Character
Received

Note: URXE Reenabled, UART Mode

Because the receiver is completely disabled, reenabling the receiver is
asynchronous to any data stream on the communication line.
Synchronization can be performed by looking for an idle line condition before
receiving a character.
L
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12.4.2 USART Transmit Enable Bit

The transmit enable bit UTXE, shown in Figure 12—13, enables or disables a
character transmission on the serial-data line. If this bit is reset, the transmitter
is disabled but any active transmission does not halt until the data in the
transmit shift register and the transmit buffer are transmitted. Data written to
the transmit buffer before UTXE has been reset may be modified or
overwritten—even after UTXE is reset—until it is shifted to the transmit shift
register. For example, if software writes a byte to the transmit buffer and then
resets UTXE, the byte written to the transmit buffer will be transmitted and may
be modified or overwritten until it is transferred into the transmit shift register.
However, after the byte is transferred to the transmit shift register, any
subsequent writes to UTXBUF while UTXE is reset will not result in
transmission, but UTXBUF will be updated with the new value.

Figure 12—13. State Diagram of Transmitter Enable

12-12

No Data Written
to Transmit Buffer

UTXE=1
Data Written to

UTXE=0

Not Completed

Idle State
(Transmitter
Enabled)

Handle Interrupt
Conditions

Transmit
Disable

Active

Character
Transmitted

UTXE = 0 And Last Buffer
Entry Is Transmitted

When UTXE is reset and the current transmission is completed, new data
written to the transmit buffer will not be transmitted. Once the UTXE bit is set,
the data in the transmit buffer are immediately loaded into the transmit shift
register and character transmission is started.

Note: Writing to UTXBUF, UART Mode

Data should never be written to transmit buffer UTXBUF when the buffer is
not ready and when the transmitter is enabled (UTXE is set). Otherwise, the
transmission will have errors.

Note: Write to UTXBUF/Reset of Transmitter, UART Mode

Disabling the transmitter should be done only if all data to be transmitted has
been moved to the transmit shift register.
MOV.B #....,&UTXBUF
BIC.B #UTXE,&ME2 ; If BITCLK < MCLK then the
; transmitter might be stopped
: before the buffer is loaded
; into the transmitter shift
; register
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12.4.3 USART Receive Interrupt Operation

In the receive interrupt operation, shown in Figure 12—14, the receive interrupt
flag URXIFG is set or is unchanged each time a character is received and
loaded into the receive buffer:

(1 Erroneous characters (parity, frame, or break error) do not set interrupt
flag URXIFG when URXEIE is reset: URXIFG is unchanged.

[ All types of characters (URXWIE = 0), or only address characters
(URXWIE = 1), set the interrupt flag URXIFG. When URXEIE is set,
erroneous characters can also set the interrupt flag URXIFG.

Figure 12-14. Receive Interrupt Operation

SYNC

Valid Start Bit URXS
Receiver Collects Character

URXSE —Q—I_

From URXD T >
Clear

______________ 1
i- Erroneous Character |
| EE Will Not Set Flag URXIFG | URXIE Request_
: BRK —L I SYNC :)Lterrupt_Service

RXEIE

L URXEETE—" L ‘ (S)
r——————————— ‘ URXIFG

| Each Character or Address
Will Set Flag URXIFG

| I L

|URXWIE | Clear

| Rxwake —— I ° SWRST
|

PUC
URXBUF

Character Received
or

L ———— - Break Detected E URXSE
( IRQA

URXIFG is reset by a system reset PUC signal, or with a software reset
(SWRST). URXIFG is reset automatically if the interrupt is served
(URXSE =0) or the receive buffer URXBUF is read. A setreceive interrupt flag
URXIFG indicates that an interrupt event is waiting to be served. A set receive
interrupt enable bit URXIE enables serving a waiting interrupt request. Both
the receive interrupt flag URXIFG and the receive interrupt enable bit URXIE
are reset with the PUC signal and a SWRST.

Signal URXIFG can be accessed by the software, whereas signal URXS
cannot. When both interrupt events—character receive action and receive
start detection—are enabled by the software, the flag URXIFG indicates that
a character was received but the start-detect interrupt was not. Because the
interrupt software handler for the receive start detection resets the URXSE hit,
this clears the URXS bit and prevents further interrupt requests from URXS.
The URXIFG should already be reset since no set condition was active during
URXIFG latch time.
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12.4.4 USART Transmit Interrupt Operation

In the transmit interrupt operation, shown in Figure 12-15, the transmit
interrupt flag UTXIFG is set by the transmitter to indicate that the transmitter
buffer UTXBUF is ready to accept another character. This bit is automatically
reset if the interrupt request service is started or a character is written into the
UTXBUF. This flag asserts a transmitter interrupt if the local (UTXIE) and
general interrupt enable (GIE) bits are set. The UTXIFG is set after a system
reset PUC signal, or removal of a SWRST.

Figure 12—-15. Transmit Interrupt Operation

12-14

UTXIE

Clear

PUC or SWRST %
Request_

SetQ UTXIFG \ Interrupt_Service

Vcc —1D
Character Moved From . SWRST
Buffer to Shift Register Clear

URXBUF Written Into Transmit Shift Register
IRQA

The transmit interrupt enable UTXIE bit controls the ability of the UTXIFG to
request an interrupt, but does not prevent the flag UTXIFG from being set. The
UTXIE is reset with a PUC signal or a software reset (SWRST) bit. The
UTXIFG bit is set after a system reset PUC signal or software reset (SWRST),
but the UTXIE bit is reset to ensure full interrupt-control capability.
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12.5 Control and Status Registers

The USART control and status registers are byte structured and should be
accessed using byte processing instructions (suffix B). Table 12—3 lists the
registers and their access modes.

Table 12-2.Control and Status Registers

Short Register
Register Form Type Address  Initial State
USART control UCTL Read/write 070h See section 12.5.1.
Transmit control UTCTL Read/write 071h See section 12.5.2.
Receive control URCTL Read/write 072h See section 12.5.3.
Modulation control  UMCTL Read/write 073h Unchanged
Baud rate O UBRO Read/write 074h Unchanged
Baud rate 1 UBR1 Read/write 075h Unchanged
Receive buffer URXBUF  Read/write 076h Unchanged
Transmit buffer UTXBUF Read 077h Unchanged

All bits are random after a PUC signal, unless otherwise noted by the detailed
functional description.

The reset of the USART peripheral interface is performed by a PUC signal or
a SWRST. After a PUC signal, the SWRST bit remains set and the USART
interface remains in the reset condition until it is disabled by resetting the
SWRST bit.

The USART module operates in asynchronous or synchronous mode as
defined by the SYNC bit. The bits in the control registers can have different
functions in the two modes. All bits in this section are described with their
functions in the asynchronous mode (SYNC = 0). Their functions in the
synchronous mode are described in Chapter 13, USART Peripheral Interface,
SPI Mode.

12.5.1 USART Control Register UCTL

Figure 12-16.

The information stored in the USART control register (UCTL), shown in
Figure 12-16, determines the basic operation of the USART module. The
register bits select the communications protocol, communication format, and
parity bit. All bits must be programmed according to the selected mode before
resetting the SWRST bit to disable the reset.

USART Control Register UCTL

7 0

UCTL ,
070h PENA PEV SP CHAR | Listen SYNC MM  |SWRST

rw—0 w0 w0 rw-0 rw-0 rw-0 rw-0 rw-1
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Bit O:

Bit 1:

Bit 2:

Bit 3:

Bit 4:

Bit 5:

The USART state machines and operating flags are initialized
to the reset condition (URXIFG = URXIE = UTXIE = 0, UTXIFG
=1) if the software reset bit is set. Until the SWRST bit is reset,
all affected logic is held in the reset state. This implies that after
a system reset the USART must be reenabled by resetting this
bit. The receive and transmit enable flags URXE and UTXE are
not altered by SWRST.

The SWRST bit resets the following bits and flags: URXIE,
UTXIE, URXIFG, RXWAKE, TXWAKE, RXERR, BRK, PE, OE,
and FE

The SWRST bit sets the following bits: UTXIFG, TXEPT

Multiprocessor mode (address/idle-line wake up)

Two multiprocessor protocols, idle-line and address-bit, are
supported by the USART module. The choice of multiprocessor
mode affects the operation of the automatic address decoding
functions.

MM = 0: Idle-line multiprocessor protocol

MM = 1: Address-bit multiprocessor protocol

The conventional asynchronous protocol uses MM-bit reset.

Mode or function of USART module selected

The SYNC bit selects the function of the USART peripheral
interface module. Some of the USART control bits have different
functions in UART and SPI mode.

SYNC = 0: UART function is selected

SYNC = 1: SPI function is selected

The listen bit selects if the transmitted data is fed back internally

to the receiver.

Listen = 0: No feedback

Listen = 1: Transmitsignal is internally fed back to the receiver.
This is commonly known as loopback mode.

Character length

This register bit selects the length of the character to be
transmitted as either 7 or 8 bits. 7-bit characters do not use the
eighth bit in URXBUF and UTXBUF. This bit is padded with 0.
CHAR = 0: 7-bit data

CHAR = 1: 8-bit data

Number of stop bits

This bit determines the number of stop bits transmitted. The
receiver checks for one stop bit only.

SP = 0: one stop bit

SP = 1: two stop bits



Bit 6:

Bit 7:

Control and Status Registers

Parity odd/even

If the PENA bit is set (parity bit is enabled), the PEV bit defines
odd or even parity according to the number of odd or even 1 bits
(in both the transmitted and received characters), the address
bit (address-bit multiprocessor mode), and the parity bit.

PEV = 0: odd parity

PEV = 1: even parity

Parity enable

If parity is disabled, no parity bit is generated during
transmission or expected during reception. A received parity bit
is not transferred to the URXBUF with the received data as it is
not considered one of the data bits. In address-bit multi-
processor mode, the address bit is included in the parity
calculation.

PEN = 0: Parity disable

PEN = 1: Parity enable

Note: Mark and Space Definitions

The mark condition is identical to the signal level in the idle state. Space is

the opposite signal level: the start bit is always space.
L

12.5.2 Transmit Control Register UTCTL

The transmit control register (UTCTL), shown in Figure 12—-17, controls the
USART hardware associated with the transmit operation.

Figure 12-17. Transmitter Control Register UTCTL

UTCTL
071h

Bit O:

Bit 1:
Bit 2:

7 0

Unused| CKPL | SSEL1 | SSELO | URXSE [TXWake |Unused | TXEPT

w—0 rw-0 w0 rw-0 rw-0 rw-0 rw-0 rw-1

The transmitter empty (TXEPT) flag is set when the transmitter
shift register and UTXBUF are empty, and is reset when data is
written to UTXBUF. It is set by a SWRST.

Unused

The TXWake bit controls the transmit features of the
multiprocessor communication modes. Each transmission
—started by loading the UTXBUF—uses the state of the
TXWake bittoinitialize the address-identification feature. It must
not be cleared—the USART hardware clears this bit once it is
transferred to the WUT, a SWRST also clears the TXWake bit.
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Bit 3:

Bits 4, 5:

Bit 6:

Bit 7:

The receive-start edge-control bit, if set, requests a receive
interrupt service. For a successful interrupt service, the
corresponding enable bits URXIE and GIE must be set. The
advantage of this bit is that it starts the controller clock system,
including MCLK, along with the interrupt service, and keeps it
running by modifying the mode control bits. The USART module
works with the selected MCLK even if the system is switched to
a low-power mode with a disabled MCLK.

Source select 0 and 1

The source select bit defines which clock source is used for
baud-rate generation:

SSEL1,SSELO O External clock, UCLKI

1 ACLK
2,3 MCLK
Clock polarity CKPL

The CKPL bit controls the polarity of the UCLKI signal.

CKPL =0: The UCLKI signal has the same polarity as the

UCLK signal.

CKPL = 1. The UCLKI signal has an inverted polarity to the
UCLK signal.

Unused

12.5.3 Receiver Control Register URCTL

Figure 12-18.

12-18

The receiver-control register (URCTL), shown in Figure 12—18, controls the
USART hardware associated with the receiver operation and holds error and
wake-up conditions modified by the latest character written to the receive
buffer (URXBUF). Once any one of the bits FE, PE, OE, BRK, RXERR, or
RXWake is set, none are reset by receiving another character. The bits are
reset by accessing the receive buffer, by a USART software reset (SWRST),
by a system reset PUC signal, or by an instruction.

Receiver-Control Register URCTL

URCTL
072h

Bit O:

7 0
FE PE OE | BRK | URXEIE | URXWIE| RXWake |RXERR
w—0 w0 rw-0 rw—0 rw—0 rw-0 rw-0 rw-=0

The receive error bit (RXERR) indicates that one or more error
flags (FE, PE, OE, or BRK) is set. It is not reset when the error
flags are cleared by instruction.



Bit 1:

Bit 2:

Bit 3:

Control and Status Registers

Receiver wake-up detect

The RXWake bit is set when a received character is an address

character and is transferred into the receive buffer.

Address-hit multiprocessor mode: RXWake is set when the
address bit is set in the
character received.

Idle-line multiprocessor mode: RXWake is set if an idle
URXD line is detected
(11 bits of mark level) in
front of the received
character.

RXWake is reset by accessing the receive buffer (URXBUF), by

a USART software reset, or by a system-reset PUC signal.

The receive wake-up interrupt-enable bit (URXWIE) selects the

type of character to set the interrupt flag (URXIFG):

URXWIE = 0: Each character received sets the URXIFG

URXWIE = 1: Only characters that are marked as address
characters set the interrupt flag URXIFG. It
operates identically in both multiprocessor
modes.

The wake-up interrupt enable feature depends on the receive

erroneous-character feature. See also Bit 3, URXEIE.

The receive erroneous-character interrupt-enable bit URXEIE

selects whether an erroneous character is to set the interrupt

flag URXIFG.

URXEIE = 0: Each erroneous character received does not
alter the interrupt flag URXIFG.

URXEIE = 1: All characters can set the interrupt flag URXIFG
as described in Table 12—4, depending on the
conditions set by the URXWIE bit.

Table 12-3. Interrupt Flag Set Conditions

0

Char. Char. Description Flag URXIFG

URXEIE URXWIE  w/Error Address  After a Character Is Received

X 1 X Unchanged

0 0 X Set

1 0 0 Unchanged

1 0 1 Set

0 X X Set (Receives all characters)

1 X 0 Unchanged

1 X 1 Set

O O O
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Bit 4:

Bit 5:

Bit 6:

Bit 7:

The break detect bit (BRK) is set when a break condition occurs
and the URXEIE bit is set. The break condition is recognized if
the RXD line remains continuously low for at least 10 bits,
beginning after a missing first stop bit. Itis not cleared by receipt
of a character after the break is detected, but is reset by a
SWRST, a system reset, or by reading the URXBUF. The receive
interrupt flag URXIFG is set if a break is detected.

The overrun error flag bit OE is set when a character is
transferred into the URXBUF before the previous character is
read out. The previous character is overwritten and lost. OE is
reset by a SWRST, a system reset, or by reading the URXBUF.

The parity error flag bit PE is set when a character is received
with a mismatch between the number of 1s and its parity bit, and
is loaded into the receive buffer. The parity checker includes the
address bit, used in the address-bit multiprocessor mode, in the
calculation. The flag is disabled if parity generation and
detection are not enabled. In this case the flag is read as 0. It is
reset by a SWRST, a system reset, or by reading the URXBUF.

The framing error flag bit FE is set when a character is received
with a 0 stop bit and is loaded into the receive buffer. Only the
first stop bitis checked when more than one is used. The missing
stop bitindicates that the start-bit synchronization is lost and the
character is incorrectly framed. FE is reset by a SWRST, a
system reset, or by reading the URXBUF.

Note:

Receive Status Control Bits

The receive status control bits FE, PE, OE, BRK, and RXWake are set by the
hardware according to the conditions of the characters received. Once the
bits are set, they remain set until the software resets them directly, or there
is a reading of the receive buffer. False character interpretation or missing-
interrupt capability can result in uncleared error bits.

12.5.4 Baud Rate Select and Modulation Control Registers

The baud-rate generator uses the content of the baud-rate select registers
UBRO and UBR1 shown in Figure 12—-19, with the modulation control register
to generate the serial data-stream bit timing.

Figure 12—-19. USART Baud Rate Select Register
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UBRO
074h

UBR1
075h

7 0
27 26 25 24 23 22 21 20
rw rw rw w w w rw rw
7 0
215 214 213 212 211 210 29 28
rw rw rw w w w rw rw
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BRCLK

Baud rate = 1
UBR + %;Omi

with UBR= [UBR1,UBRO]

The baud-rate control register range is: 3 <UBR < 0FFFFh

Note:

Unpredictable receive and transmission occur if UBR <3.

The modulation control register, shown in Figure 12—20, ensures proper timing
generation with the UBRO and UBRO1, even with crystal frequencies that are
not integer multiples of the required baud rate.

Figure 12-20. USART Modulation Control Register

7 0
UMCTL
073h m7 m6 m5 m4 m3 m2 ml mo
w w w w rw rw rw rw

The timing of the running bit is expanded by one clock cycle of the baud-rate-
divider input clock if bit mj is set.

Each time a bitis received or transmitted, the next bit in the modulation control
register determines the present bit timing. The first bit time in the protocol—the
start bit time—is determined by UBR plus mO; the next bit is determined by
UBR plus m1, and so on.

The modulation sequence is:

mo-ml-m2-m3-m4-m5-m6-m7-mO0-ml-m2—....

12.5.5 Receive-Data Buffer URXBUF

The receive-data buffer (URXBUF), shown in Figure 12—21, contains previous
data from the receiver shiftregister. Reading URXBUF resets the receive-error
bits, the RXWake bit, and the interrupt flag (URXIFG).

Figure 12-21. USART Receive Data Buffer URXBUF
7 0
27 26 25 24 23 22 21 20

URXBUF
076h

r r r r r r r r

In seven-bit length mode, the MSB of the URXBUF is always reset.

The receive data buffer is loaded with the recently-received character as
described in Table 12—4, when receive and control conditions are true.
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Table 12-4. Receive Data Buffer Characters

URXEIE URXWIE Load URXBUF With: PE FE BRK
0 1 Error-free address characters 0 0 0
1 1 All address characters X X X
0 0 Error-free characters 0 0 0
1 0 All characters X X X

12.5.6 Transmit Data Buffer UTXBUF

The transmit data buffer (UTXBUF), shown in Figure 12—22, contains current
data to be transmitted.

Figure 12-22. Transmit Data Buffer UTXBUF
7 0

UTXBUF

7 6 5 4 3 2 1 0
077h 2 2 2 2 2 2 2 2

w w w rw 'w 'w rw 'w

The UTXIFG flag indicates that the UTXBUF buffer is ready to accept another
character for transmission.

The transmission is initialized by writing data to UTXBUF. The transmission of
this data is started immediately if the transmitter shift register is empty or is
going to be empty.

Note: Writing to UTXBUF

Writing data to the transmit-data buffer must only be done if buffer UTXBUF
is empty; otherwise, an unpredictable character can be transmitted.
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12.6 Utilizing Features of Low-Power Modes

There are several functions or features of the USART that support the ultra-low
power architecture of the MSP430. These include:

[ Support system start up from any processor mode by sensing of UART
frame-start condition

[ Use the lowest input clock frequency for the required baud rate

(1 Support multiprocessor modes to reduce use of MSP430 resources

12.6.1 Receive -Start Operation From UART Frame

The most effective use of start detection in the receive path is achieved when
the baud-rate clock runs from MCLK. In this configuration, the MSP430 can
be putinto a low-power mode with MCLK disabled. The receive-start condition
is the negative edge from the signal on pin URXD. Each time the negative edge
triggers the interrupt flag URXS, it requests a service when enable bits URXIE
and GIE are set. This wakes the MSP430 and the system returns to active
mode, supporting the USART transfer.

Figure 12-23. Receive-Start Conditions

SYNC
Valid Start Bit D URXS
Receiver Collects Character = Q
URXSE
From URXD —| T I >
——————— e 1 Clear
| |
: EE : URXIE Request_
BRK Interrupt_Service
I URXEIE i SYNC } pt_
o ‘
P——— — ]
| |
: URXWIE :
| RXWake | SWRST
| | PUC
| | URXBUF Read
b ———— — — — - URXSE
IRQA

Three character streams do not set the interrupt flag (URXIFG):

[J Erroneous characters (URXEIE = 0)
[J Address characters (URXWIE = 1)
[ Invalid start-bit detection

The interrupt software should handle these conditions.
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12.6.1.1 Start Conditions

The URXD signal feeds into the USART module by first going into a deglitch
circuit. Glitches cannot trigger the receive-start condition flag URXS, which
prevents the module from being started from small glitches on the URXD line.
Because glitches do not start the system or the USART module, current
consumption is reduced in noisy environments. Figure 12-24 shows the
accepted receive-start timing condition.

Figure 12-24. Receive-Start Timing Using URXS Flag, Start Bit Accepted
Majority Vote
URXD | | | '

URXS T |

\
4 URXS is Reset in the Interrupt \
Handler Using Control Bit URXSE

The UART stops receiving a character when the URXD signal exceeds the
deglitch time t; but the majority vote on the signal fails to detect a start bit, as
shown in Figure 12—-25. The software should handle this condition and return

the system to the appropriate low-power mode. The interrupt flag URXIFG is
not set.

Figure 12-25. Receive Start Timing Using URXS Flag, Start Bit Not Accepted
Majority Vote
URXD | [ | |

URXS | 77—

i URXS is Reset in The Interrupt
Handler Using Control Bit URXSE

Glitches atthe URXD line are suppressed automatically and no further activity
occurs inthe MSP430 as shown in Figure 12—26. The data for the deglitch time
t; is noted in the corresponding device specification.

Figure 12-26. Receive Start Timing Using URXS Flag, Glitch Suppression
Majority Vote
URXD L I 1

\
URXS ‘ |

The interrupt handler must reset the URXSE bit in control register UCTL to
prevent further interrupt service requests from the URXS signal and to enable
the basic function of the receive interrupt flag URXIFG.
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* Interrupt handler for frame start condition and  *

*  Character receive *

IFG2 .EQU 3 ; URXIFG and UTXIFG in
; address 3

UTCTL .EQU 71h ;

UTXIFG .EQU 0 ;

URXSE .EQU 8 :

URX Int BIT.B #URXIFG,&IFG2 ;tést URXIFG signal to

JNE ST_COND ; check if frame start

: condition

ST_COND BIC.B #URXSE,&UTCTL ; clear ff/signal URXS,
; stop further interrupt
; requests
BIS.B #URXSE,&UTCTI ; Prepare FF_URXS for next
; frame start bits and set
..... : the conditions to run the
..... ; clock needed for UART RX

Note: Break Detect (BRK) Bit With Halted UART Clock

If the UART operates with the wake-up-on-start-condition mode and
switches off the UCLK whenever a character is completely received, a com-
munication line break cannot be detected automatically by the UART hard-
ware. The break detection requires the baud-rate generator BRSCLK, but it
is stopped upon the missing UCLK.

12.6.2 Maximum Utilization of Clock Frequency vs Baud Rate UART Mode

The current consumption increases linearly with the clock frequency. It should
be kept to the minimum required to meet application conditions. Fast
communication speed is needed for calibration and testing in manufacturing
processes, alarm responses in critical applications, and response time to
human requests for information.

The MSP430 USART can generate baud rates up to one third of the clock
frequency. An additional modulation of the baud-rate timing adjusts timing for
individual bits within a frame. The timing is adjusted from bit to bit to meet
timing requirements even when a noninteger division is needed. Baud rates
up to 4800 baud can be generated from a 32,768 Hz crystal with maximum
errors of 11 percent. Standard UARTs—even with the worst maximum error
(—14.6 percent)—can obtain maximum baud rates of 75 baud.
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12.6.3 Support of Multiprocessor Modes for Reduced Use of MSP430 Resources

Communication systems can use multiprocessor modes with multiple-
character idle-line or address-bit protocols. The first character can be a target
address, a message identifier, or can have another definition. This character
is interpreted by the software and, if it is of any significance to the application,
the succeeding characters are collected and further activities are defined. An
insignificant first character would stop activity for the processing device. This
application is supported by the wake-up interrupt feature in the receive
operation, and sends wake-up conditions along with a transmission. Avoiding
activity on insignificant characters reduces consumption of MSP430
resources and the system can remain in the most efficient power-conserving
mode.

In addition to the multiprocessor modes, rejecting erroneous characters saves
MSP430 resources. This practice prevents interrupt handling of the erroneous
characters. The processor waits in the most efficient power-conserving mode
until a character is processed.

12.7 Baud Rate Considerations

12-26

The MSP430 baud-rate generator uses a divider and a modulator. A given
crystal frequency and a required baud rate determines the required division
factor N:

N = _BRCLK
baud rate

The required division factor N usually has an integer part and a fraction. The
divider in the baud rate generator realizes the integer portion of the division
factor N, and the modulator meets the fractional part as closely as possible.
The factor N is defined as:

1 n-1

N=UBR+=2mi
nizo
Where
N: Target division factor
UBR: 16-bit representation of registers UBR1 and UBRO
i Actual bit in the frame
n: Number of bits in the frame
mj: Data of the actual modulation bit
Baud rate = BRﬁLK _ BRCLK

n—1
UBR+1'S m,

i=0
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12.7.1 Bit Timing in Transmit Operation

The timing for each individual bit in one frame or character is the sum of the
actual bit timings as shown in Figure 12—27. The baud-rate generation error
shown in Figure 12—28 in relation to the required ideal timing, is calculated for
each individual bit. The relevant error information is the error relative to the

actual bit, not the overall relative error.

Figure 12-27. MSPA430 Transmit Bit Timing

i'o:1:2:3:4 5:6:7:8 9'101112'

srek ([ U UL UL U LA 6

b :toltl:tzlt3:t4:t5:t6:t7:t8:tg:tlo:tllltlzl Mark
—— Mar

URXD _| STl Do see D6 | D7| | | _:_Jl. ______ Space
L [2nd stop Bit, SP = 1]
[Parity Bit, PE = 1]
[Address Bit, MM = 1]
[8th Data Bit, Char = 1]

Figure 12-28. MSP430 Transmit Bit Timing Errors

i | o | 1 |1 s | 9o | 10 | 1 |
ttarget | to | 1 || tg | tq | t10 | ty |
terror
Mark
URXD ST DO | | D7 PA T T
_| | | l | | ___J-____|_ Space
tactual | 0 |t | tg | to | to | tix |

Even small errors per bit (relative errors) can result in large cumulative errors.
They must be considered to be cumulative, not relative. The error of an
individual bit can be calculated by:

n-1 n=1
20 tactual go ttarget’-
Errof%] = * 7 = X 100%
baud rate

or,

n-1
Error [%)] = [% X [(i+ 1) x UBR + _Zom,] — i+ 1)] x 100%

With:
baud rate: Required baud rate
BRCLK: Input frequency — selected for UCLK, ACLK, or MCLK
i = O for the start bit, 1 for the data bit DO, and so on
UBR: Division factor in registers UBR1 and UBRO
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Example 12-3. Error Example for 2400 Baud
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The following data are assumed:

Baud rate =
BRCLK =
UBR =

m = 6Bh:

Start bit Error [%] = (

Data bit DO Error [%] = (ba“d rate . ((1 + 1) x UBR + 2)-2

2400

32,768 Hz (ACLK)

13, since the ideal division factor is 13.67

m7=0, m6=1, m5=1, m4=0, m3=1, m2=0, m1=1
and m0=1

The LSB (m0) of the modulation register is used first.

baud rate

— 0fn — 0,
EReLc. X (0 + 1) x UBR + 1) 1) x 100% = 2.54%

X 100% = 5.08%

BRCLK
: baud rate
0, = 0f — 0,
Data bit D1 Error [%)] ( BRCLK X ((2 + 1) X UBR + 2)-3] x 100% = 0.29%
Data bit D2 Error [%] = (bg‘édcﬁe x (3 + 1) x UBR + 3)-4) x 100% = 2.83%

Data bit D3 Error [%] =
Data bit D4 Error [%] =
Data bit D5 Error [%] =

Data bit D6 Error [%] =

Parity bit Error [%] =

Stop bit 1 Error [%)]

Stop bit 2 Error [%] =

baud rate . (5 , 1) x UBR + 4)-6

baud rate . (g 4 1) x UBR + 5)-7

baud rate , (4 4 1) x UBR + 3)- 5) X 100% = —1.95%
baud rate )

baud rate
baud rate

Data bit D7 Error [%] = (ba“d rate . (8 + 1) x UBR + 6)—9) x 100% = 0.88%
(baud rate

BRCLK

% = 0
BRCLK X 100% = 0.59%

0% = 0
“BRCLK X 100% = 3.13%

X ((7 + 1) X UBR + 5)-8) x 100% = —1.66%

"BRCLK

BRCLK

— 0 — 0,
PBRCLK. X (9 + 1) X UBR +7) 10) X 100% = 3.42%

— 0fh — — 0,
PERCLK. X (10 +1) X UBR +7) 11) X 100% 1.37%

— 0, = 0,
SRCLK. X (1 +1) x UBR +8) 12) X 100% = 1.17%
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12.7.2 Typical Baud Rates and Errors

The standard baud rate data needed for the baud rate registers and the
modulation register are listed in Table 12—6 for the 32,768-Hz watch crystal
(ACLK) and MCLK, assumed to be 32 times the ACLK frequency. The error
listed is calculated for the transmit and receive paths. In addition to the error
for the receive operation, the synchronization error must be considered.

Table 12-5.Commonly Used Baud Rates, Baud Rate Data, and Errors

Divide by ACLK (32,768 Hz) MCLK (1,048,576 Hz)
Max. Max. Synchr.
Baud TX RX RX Max. TX | Max. RX
Rate ACLK MCLK | UBR1 | UBRO | UMOD | Error% | Error% | Error% | UBR1 | UBRO | UMOD | Error% Error %
75 | 436.91 | 13,981 1 B4 FF -0.1/0.3 | -0.1/0.3 +2 36 9D FF 0/0.1 +2
110 | 297.89 | 9532.51 1 29 FF 0/0.5 0/0.5 +3 25 3C FF 0/0.1 +3
150 | 218.45 | 6990.5 0 DA 55 0/0.4 0/0.4 +2 1B 4E FF 0/0.1 +2
300 | 109.23 | 3495.25 0 6D 22 -0.3/0.7 | -0.3/0.7 +2 oD A7 00 -0.1/0 +2
600 | 54.61 | 1747.63 0 36 D5 -11 -11 +2 06 D3 FF 0/0.3 +2
1200 | 27.31| 873.81 0 1B 03 —4/3 —4/3 +2 03 69 FF 0/0.3 +2
2400 | 13.65| 436.91 0 0D 6B 6/3 -6/3 +4 01 B4 FF 0/0.3 +2
4800 6.83 | 218.45 0 06 6F -9/11 -9/11 +7 0 DA 55 0/0.4 +2
9600 341 | 109.23 0 03 4A -21/12 | -21/12 +15 0 6D 03 -0.4/1 +2
19,200 54.61 0 36 6B -0.2/2 +2
38,400 27.31 0 1B 03 —4/3 +2
76,800 13.65 0 oD 6B -6/3 +4
115,200 9.10 0 09 08 —5/7 +7

The maximum error is calculated for the receive and transmit modes. The
receive-mode error is the accumulated time versus the ideal scanning time in
the middle of each bit. The transmit error is the accumulated timing error
versus the ideal time of the bit period.

The MSP430 USART peripheral interface allows baud rates nearly as high as
the clock rate. It has a low error accumulation as a result of modulating the
individual bit timing. In practice, an error margin of 20% to 30% supports
standard serial communication.
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12.7.3 Synchronization Error

The synchronization error, shown in Figure 12-29, results from the
asynchronous timing between the URXD pin data signal and the internal clock
system. The receive signal is synchronized with the BRSCLK clock. The
BRSCLK clock is sixteen to thirty-one times faster than the bit timing, as

described.
BRSCLK = BRCLK for N <1F
BRSCLK = BRCLK/2 for 20h <N < 3Fh
BRSCLK = BRCLK/4 for 40h <N <7Fh
BRSCLK = BRCLK/8 for 80h <N <FFh
BRSCLK = BRCLK/16 for 100 <N <1FF
BRSCLK = BRCLK/32 for 200 <N < 3FFh
BRSCLK = BRCLK/64 for 400 <N < 7FFh
BRSCLK = BRCLK/128 for 800h <N < FFFh
BRSCLK = BRCLK/256 for 1000h <N < 1FFFh
BRSCLK = BRCLK/512 for 2000h <N < 3FFFh
BRSCLK = BRCLK/1024 for 4000h <N < 7FFFh
BRSCLK = BRCLK/2048 for 8000h <N < FFFFh

Figure 12-29. Synchronization Error

12-30

i | 0 | 1 | 2

ttarget| to | tg |
|1]2|3|4|5]6|7]|8]9l10l11|12/13]14/ 1| 2|3 ]| 4] 5|6 |7 |8 ]| 9l10/11|1213]14 1] 2| 3] 4] 5|67

BRSCLK
!
URXD _l

|
: T
I | ] |
URXDS | | | ST | DO D2
|

tactual | [ fo t1 to
—¥  [€— Synchronization Error £ 0.5x BLSCLK

|
| | |
Sample | | | | | |
I I

|

URXDS ™1 Int(UBR/2)+m0 = / | \ UBR +ml=13+1 =14 I UBR +m2 = 13+0 = 13 F
Int (13/2)+1 = 6+1 L\ /1A /1A
| Majority Vote Taken Majority Vote Taken Majority Vote Taken
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The target start-bit detection-baud-rate timing tiarget(0) is half the baud-rate
timing thaud rate PeCause the bit is tested in the middle of its period. The target
baud rate timing tiargetifor all of the other succeeding bits is the baud rate timing

tbaud rate-
n-1 nz—:l
tactual + ttarget : tactua/. - ttarget-
Error [%] = 0 Oy = T =1 T 100%
0.5 X ttargeto ttarget’-

OR
Error [%] = (% x {2 x [m0 + int (UBR/2)| + (i x UBR + ém )} - 1—i) x 100%
Where:

baud rate is the required baud rate

BRCLK is the input frequency—selected for UCLK, ACLK, or MCLK

i = 0 for the start bit, 1 for data bit DO, and so on

UBR is the division factor in registers UBR1 and BRBO

Example 12—4. Synchronization Error—2400 Baud

The following data are assumed:

Baud rate = 2400
BRCLK = 32,768 Hz (ACLK)

UBR = 13, since the ideal division factor is 13.67
m = 6Bh: m7=0, m6=1, m5=1, m4=0, m3=1, m2=0, m1=1 and
mO=1

The LSB (m0) of the modulation register is used first.

Start bit Error [%] = (bg‘;{dTr&te X [2x(1 + 6) + (0 X UBR + 0 -0)]—1) x 100% = 2.54%

Data bit DO Error [%] = (% x [2x(1 + 6) + (1 x UBR + 1)]—1—1) x 100% = 5.08%

Data bit D1 Error [%] = (% X [2x(1 + 6) + (2 X UBR + 1)]—1—2) x 100% = 0.29%

Data bit D2 Error [%] = (bg‘édcﬁfe x [2x(1 + 6) + (3 X UBR + 2)]—1—3) x 100% = 2.83%
Data bit D3 Error [%] = (bg‘;qdcﬁfe X [2x(1 + 6) + (4 X UBR + 2)]-1— 4) x 100% = —1.95%
Data bit D4 Error [%] = (bg‘édcﬁ‘ée x [2X(1 + 6) + (5 X UBR + 3)]-1— 5) x 100% = 0.59%
Data bit D5 Error [%] = (bg‘édcﬁ‘:e x [2X(1 + 6) + (6 X UBR + 4)]-1— 6) x 100% = 3.13%
Data bit D6 Error [%] = (bg‘édcﬁ‘ze x [2X(1 + 6) + (7 X UBR + 4)]-1— 7) x 100% = —1.66%
Data bit D7 Error [%] = (bg‘;{dcﬁ‘ée x [2x(1 + 6) + (8 X UBR + 5)]—1—8) x 100% = 0.88%
Parity bit Error [%] = (bg‘F‘deﬁ‘;e x [2x(1 + 6) + (9 x UBR + 6)]—1—9) x 100% = 3.42%
Stop bit 1 Error [%] (%Cﬁ(te x [2x(1 + 6) + (10 x UBR + 6)]—1—10) x 100% = —1.37%
Stop bit 2 Error [%] = (% x [2x(1 + 6) + (11 x UBR + 7)]—1-11) x 100% = —1.17%
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Chapter 13

USART Peripheral Interface, SPI Mode

The universal synchronous/asynchronous receive/transmit (USART) serial-
communication peripheral supports two serial modes with one hardware
configuration. These modes shift a serial-bit stream in and out of the MSP430
at a programmed rate or at a rate defined by an external clock. The first mode
is the universal asynchronous-receive/transmit (UART) communication
protocol (discussed in Chapter 12); the second is the serial peripheral-
interface (SPI) protocol.

Bit SYNC in control register UCTL selects the required mode:
SYNC =0: UART—asynchronous mode selected
SYNC =1: SPl—synchronous mode selected

This chapter describes the SPI mode.
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13.1 USART Peripheral Interface

The USART peripheral interface connects to the CPU as a byte-peripheral
module. It connects the MSP430 to the external system environment with
three or four external pins. Figure 13—1 shows the USART peripheral-interface
module

Figure 13—1. Block Diagram of USART

Receive Status Receive Buffer URXBUF SYNC RXE
yy * + + Listen MM, SYNC
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13.2 USART Peripheral Interface, SPI Mode

The USART peripheral interface is a serial channel that shifts a serial bit
stream of 7 or 8 bits in and out of the MSP430. The SPI mode is chosen when
control bit SYNC in the USART control register (UCTL) is set.

13.2.1 SPI Mode Features

The features of the SPI mode are:

[ Supports three-pin and four-pin SPI operations via SOMI, SIMO, UCLK,
and STE

Master or slave mode

Separate shift registers for receive (URXBUF) and transmit (UTXBUF)
Double buffers for receiving and transmitting

Has clock-polarity and clock-phase control

Has clock-frequency control in master mode

[ I A I I

Supports a character length of seven or eight bits per character

Figure 13-2 shows the USART module in SPI mode.

Figure 13-2. Block Diagram of USART—SPI Mode
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13.3 Synchronous Operation

13-4

In USART synchronous mode, data and clock signals transmit and receive
serial data. The master supplies the clock and data. The slaves use this clock
to shift serial information in and out.

The four-pin SPI mode also uses a control line to enable a slave to receive and
transmit data. The line is controlled by the master.

Three or four signals are used for data exchange:

(1 SIMO Slave in, master out
The direction is defined by SIMODIR (SIMODIR=0, input
direction) SIMODIR = [SYNC .and. MM .and. (STC .or. STE)]
Output direction is selected when SPI + Master Mode is selected.
When 4-pin SPI is selected (STC=0) input direction is forced by
a low level on external STE pin.

[J SOMI Slave out, master in
The direction is defined by SOMIDIR (SIMODIR=0 input
direction) SOMIDIR = [SYNC .and. .not.(MM)] .or.
[STC .or. .not.(STE)]
Output direction is selected when SPI + Slave Mode is selected.
When 4-pin SPI is selected (STC=0) input direction is forced by
a low level on external STE pin.

[ UCLK USART clock. The master drives this signal and the slave uses
it to receive and transmit data.
The direction is defined by UCLKDIR (UCLKDIR=0 input
direction) UCLKDIR = [SYNC .and. MM .and. (STC .or. STE)]
Outputdirection is selected when SPI + Master Mode is selected.
When 4-pin SPI is selected (STC=0) input direction is forced by
a low level on external STE pin.

(1 STE Slave transmit enable. Used in four-pin mode to control more
than one slave in a multiple master and slave system.

The interconnection of the USART in synchronous mode to another device'’s
serial port with one common transmit/receive shift register is shown in
Figure 13—-3, where MSP430 is master or slave. The operation of both devices
is identical.
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Figure 13-3. MSP430 USART as Master, External Device With SPI as Slave

MASTER SIMO R SIMO SLAVE
Receive Buffer URXBUF Transmit Buffer UTXBUF SPI Receive Buffer
Px.x > STE
STE —|— SS
Port.x
. . ) L ) SOMI SOMI . .
Receive Shift Register L4  Transmit Shift Register < Data Shift Register (DSR)
MSB LSB _‘ MSB LSB MSB LSB
UCLK > SCLK
MSP430 USART COMMON SPI

The master initiates the transfer by sending the UCLK signal. For the master,
data is shifted out of the transmit shift register on one clock edge, and shifted
into the receive shift register on the opposite edge. For the slave, the data
shifting operation is the same and uses one common register for transmitting
and receiving data. Master and slave send and receive data at the same time.

Whether the data is meaningful or dummy data depends on the application
software:

[ Master sends data and slave sends dummy data
] Master sends data and slave sends data
[ Master sends dummy data and slave sends data

Figures 13-4 and 13-5 show an example of a serial synchronous data transfer
for a character length of seven bits. The initial content of the receive shift
register is 00. The following events occur in order:

A) Slave writes 98h to the data shift register (DSR) and waits for the master
to shift data out.

B) Master writes BOh to UTXBUF, which is immediately transferred to the
transmit shift register, and starts the transmission.

C) First character is finished and sets the interrupt flags.

D) Slave reads 58h from the receive buffer (right justified).

E) Slave writes 54h to the DSR and waits for the master to shift out data.
F) Master reads 4Ch from the receive buffer URXBUF (right justified).

G) Master writes E8h to the transmit buffer UTXBUF and starts the
transmission.

Note: If USART is in slave mode, no UCLK is needed after D), until G).
However, in master mode, two clocks are used internally (not on UCLK
signal) to end transmit/receive of first character and prepare the
transmit/receive of the next character.

USART Peripheral Interface, SPI Mode 13-5
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H) Second character is finished and sets the interrupt flag.

I) Master receives 2Ah and slave receives 74h (right justified).
Figure 13—4. Serial Synchronous Data Transfer
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Figure 13-5. Data Transfer Cycle
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Figure 13-6 illustrates the USART module functioning as a slave in a three or
four-pin SPI configuration.

Figure 13—6. MSP430 USART as Slave in Three-Pin or Four-Pin Configuration

MASTER SIMO SIMO SLAVE
SPI Receive Buffer Transmit Buffer UTXBUF Receive Buffer URXBUF
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STE <
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. . SOMI SOMI o . . ) )
L4 Data Shift Register DSR < Transmit Shift Register Receive Shift Register =
MSB LSB MSB LSB MSB LSB
SCLK » UCLK
COMMON SPI MSP430 USART

13.3.1 Master SPI Mode

The master mode is selected when the master-mode bit (MM) in control
register UCTL is set. The USART module controls the serial-communication
network by providing UCLK at the UCLK pin. Data is output on the SIMO pin
during the first UCLK period and latched from the SOMI pin in the middle of
the corresponding UCLK period.

The data written to the transmit buffer (UTXBUF) is moved to the transmit shift
register as soon as the shift register is empty. This initiates the data transfer
on the SIMO pin starting with the most-significant bit. At the same time,
received data is shifted into the receive shift register and, upon receiving the
selected number of bits, the data is transferred to the receive buffer (URXBUF)
setting the receive interrupt flag (URXIFG). Data is shifted into the receive shift
register starting with the most-significant bit. It is stored and right-justified in
the receive buffer (URXBUF). When previous data is not read from the receive
buffer (URXBUF), the overrun error bit (OE) is set.

Note: USART Synchronous Master Mode, Receive Initiation

The master writes data to the transmit buffer UTXBUF to receive a character.
The receive starts when the transmit shift register is empty and the data is
transferred to it. Receive and transmit operations always take place together,
at opposite clock edges.

The protocol can be controlled using the transmit-interrupt flag UTXIFG, or the
receive-interrupt flag URXIFG. By using UTXIFG immediately after sending
the shift-register data to the slave, the buffer data is transferred to the shift
register and the transmission starts. The slave receive timing should ensure
that there is a timely pick-up of the data. The URXIFG flag indicates when the
data shifts out and in completely. The master can use URXIFG to ensure that
the slave is ready to correctly receive the next data.
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13.3.1.1 Four-Pin SPI Master Mode

The signal on STE is used by the active master to prevent bus conflicts with
another master. The STE pin is an input when the corresponding PnSEL bit
(in the I/O registers) selects the module function. The master operates
normally while the STE signal is high. Whenever the STE signal is low, for
example, when another device makes a request to become master, the actual
master reacts such that:

(1 The pins that drive the SPI bus lines SIMO and UCLK are set to inputs.
(1 The error bit FE and the interrupt flag URXIFG in register URCTL are set.

The bus conflict is then removed: SIMO and UCLK do not drive the bus lines,
and the error flag indicates the system integrity violation to the software. Pins
SIMO and UCLK are forced to the input state while STE is in a low state, and
they return to the conditions defined by the corresponding control bits when
STE returns to a high state.

In the three-pin mode, the STE input signal is not relevant.

13.3.2 Slave SPI Mode

The slave mode is selected when bit MM of the control register is reset and
synchronous mode is selected.

The UCLK pin is used as the input for the serial-shift clock supplied by an
external master. The data-transfer rate is determined by this clock and not by
the internal bit-rate generator. The data, loaded into the transmit shift register
through the transmit buffer (UTXBUF) before the start of UCLK, is transmitted
on the SOMI pin using the UCLK supplied from the master. Simultaneously,
the serial data applied to the SIMO pin are shifted into the receive shift register
on the opposite edge of the clock.

The receive-interrupt flag URXIFG indicates when the data is received and
transferred into the receive buffer. The overrun-error bit is set when the
previously-received data is not read before the new data is written to the
receive buffer.

13.3.2.1 Four-Pin SPI Slave Mode

13-8

In the four-pin SPI mode, the STE signal is used by the slave to enable the
transmit and receive operations. It is applied from the SPI master. The receive
and transmit operations are disabled when the STE signal is high, and enabled
when itis low. Whenever the STE signal becomes high, any receive operation
in progress is halted and then continues when the STE signal is low again. The
STE signal enables one slave to access the data lines. The SOMI is input if
STE is set high.
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13.4 Interrupt and Control Functions

The USART peripheral interface serves two main interrupt sources for
transmission and reception. Two interrupt vectors serve receive and transmit
interrupt events.

The interrupt control bits and flags and enable bits of the USART peripheral
interface are located in the SFR address range. The bit functions are
described below in Table 13-1. See the peripheral-file map in Appendix A for
the exact bit locations.

Table 13-1.USART Interrupt Control and Enable Bits—SPI Mode

Receive interrupt flag URXIFG Initial state reset (by PUC/SWRST)

Receive interrupt enable URXIE Initial state reset (by PUC/SWRST)

Receive/transmit enable USPIIE Initial state reset (by PUC)
(see Note)
Transmit interrupt flag UTXIFG Initial state set (by PUC/SWRST)

Transmit interrupt enable UTXIE Initial state reset (by PUC/SWRST)

Note:  Different for UART mode, see Chapter 12.

The USART receiver and transmitter operate in parallel and use the same
baud-rate generator in synchronous master mode. In synchronous slave
mode, the external clock applied to UCLK is used for the receiver and the
transmitter. The receiver and transmitter are enabled and disabled together
with the USPIIE bit.

13.4.1 USART Receive/Transmit Enable Bit, Receive Operation

The receive/transmit enable bit (USPIIE) enables or disables collection of the
bit stream on the URXD/SOMI data line. Disabling the USART receiver
(USPIIE = 0) stops the receive operation after completion, or stops a pending
operation if no receive operation is active. In synchronous mode, UCLK does
not shift any data into the receiver shift register.

13.4.1.1 Receive/Transmit Enable Bit—MSP430 as Master

The receive operation functions identically for three-pin and four-pin modes,
as shown in Figure 13-7, when the MSP430 USART is selected to be the SPI
master.
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Figure 13—7. State Diagram of Receiver Enable Operation—MSP430 as Master
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13.4.1.2 Receive/Transmit Enable Bit—MSP430 as Slave, Three-Pin Mode

The receive operation functions differently for three-pin and four-pin modes
when the MSP430 USART module is selected to be the SPI slave. In the
three-pin mode, shown in Figure 13-8, no external SPI receive-control signal
stops an active receive operation. A PUC signal, a software reset (SWRST),

or areceive/transmit enable (USPIIE) signal can stop a receive operation and
reset the USART.

Figure 13-8. State Diagram of Receive/Transmit Enable—MSP430 as Slave, Three-Pin
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Note: USPIIE Re -Enabled, SPI Mode

After the receiver is completely disabled, a reenabling of the receiver is asyn-
chronous to any data stream on the communication line. Synchronization to
the data stream is handled by the software protocol in three-pin SPI mode.

13.4.1.3 Receive/Transmit Enable Bit—MSP430 as Slave, Four-Pin Mode
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In the four-pin mode, shown in Figure 13-9, the external SPI receive-control
signal applied to pin STE stops a started receive operation. A PUC signal, a
software reset (SWRST), or a receive/transmit enable (USPIIE) can stop a
receive operation and reset the operation-control state machine. Whenever
the STE signal is set to high, the receive operation is halted.
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Figure 13-9. State Diagram of Receive Enable—MSP430 as Slave, Four-Pin Mode
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13.4.2 USART Receive/Transmit Enable Bit, Transmit Operation

The receive/transmit enable bit USPIIE, shown in Figures 13—-10 and 13-11,
enables or disables the shifting of a character on the serial data line. If this bit
is reset, the transmitter is disabled, but any active transmission does not halt
until all data previously written to the transmit buffer is transmitted. If the
transmission is completed, any further write operation to the transmitter buffer
does not transmit. When the UTXBUF is ready, any pending request for
transmission remains, which results in an immediate start of transmission
when USPIIE is set and the transmitter is empty. A low state on the STE signal
removes the active master (four-pin mode) from the bus. It also indicates that
another master is requesting the active-master function.

13.4.2.1 Receive/Transmit Enable—MSP430 as Master

Figure 13-10 shows the transmit-enable activity when the MSP430 is master.

Figure 13-10. State Diagram of Transmit Enable—MSP430 as Master
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13.4.2.2 Receive/Transmit Enable, MSP430 is Slave

Figure 13-11 shows the receive/transmit-enable-bit activity when the
MSP430 is slave.

Figure 13—11. State Diagram of Transmit Enable—MSP430 as Slave
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When USPIIE is reset, any data can be written regularly into the transmit
buffer, but no transmission is started. Once the USPIIE bit is set, the data in
the transmit buffer are immediately loaded into the transmit shift register and
character transmission is started.

Note: Writing to UTXBUF, SPI Mode

Data should never be written to transmit buffer UTXBUF when the buffer is
not ready (UTXIFG = 0) and the transmitter is enabled (USPIIE is set). If data
is written, character shifting can be random.

Note: Write to UTXBUF/Reset of Transmitter, SPl Mode

Disabling of the transmitter should be done only if all data to be transmitted
have been moved to the transmit shift register.
MOV.B #....,&UTXBUF
BIC.B #USPIIE,&ME2 ; If BITCLK < MCLK then the
; transmitter might be stopped
; before the buffer is loaded
; into the transmitter
; shift register
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13.4.3 USART Receive-Interrupt Operation

In the receive-interrupt operation shown in Figure 13-12, the receive-interrupt
flag URXIFG is set each time a character is received and loaded into the

receive buffer.

Figure 13-12. Receive Interrupt Operation
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URXIFG is reset by a system reset PUC signal, or by a software reset
(SWRST). URXIFG is reset automatically if the interrupt is served or the
receive buffer URXBUF is read. The receive interrupt enable bit (USPIIE), if
set, enables a CPU interrupt request as shown in Figure 13-13. The receive
interrupt flag bits URXIFG and USPIIE are reset with a PUC signal or a

SWRST.

Figure 13-13. Receive Interrupt State Diagram
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13.4.4 Transmit-Interrupt Operation

In the transmit-interrupt operation shown in Figure 13-14, the transmit-
interrupt flag UTXIFG is set by the transmitter to indicate that the transmitter
buffer UTXBUF is ready to accept another character. This bit is automatically
reset if the interrupt-request service is started or a character is written to the
UTXBUF. This flag activates a transmitter interrupt if bits USPIIE and GIE are
set. The UTXIFG is set after a system reset PUC signal, or removal of SWRST.

Figure 13—14. Transmit-Interrupt Operation
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The transmit-interrupt enable bit UTXIE controls the ability of the UTXIFG to
request an interrupt, but does not prevent the UTXIFG flag from being set. The
USPIIE is reset with a PUC signal or a SWRST. The UTXIFG bit is set after a
system reset PUC signal or a SWRST, but the USPIIE bit is reset to ensure full

interrupt-control capability.
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13.5 Control and Status Registers

The USART registers, shown in Table 13-2, are byte structured and should be
accessed using byte instructions.

Table 13-2.USART Control and Status Registers

Register ngnl:]t $;F?eister Address Initial State
USART control UCTL Read/write  070h See Section 13.5.1
Transmit control UTCTL Read/write  071h See Section 13.5.2
Receive control URCTL Read/write  072h See Section 13.5.3
Modulation control UMCTL Read/write  073h Unchanged
Baud Rate 0 UBRO Read/write  074h Unchanged
Baud Rate 1 UBR1 Read/write  075h Unchanged
Receive buffer URXBUF Read/write  076h Unchanged
Transmit buffer UTXBUF Read 077h Unchanged

All bits are random following the PUC signal, unless otherwise noted by the
detailed functional description.

Reset ofthe USART module is performed by the PUC signal ora SWRST. After
a PUC signal, the SWRST bit remains set and the USART module remains in
the reset condition. It is disabled by resetting the SWRST bit. The SPI mode
is disabled after the PUC signal.

The USART module operates in asynchronous or synchronous mode as
defined by the SYNC bit. The bits in the control registers can have different
functions in the two modes. All bits are described with their function in the
synchronous mode—SYNC = 1. Their function in the asynchronous mode is
described in Chapter 12.

13.5.1 USART Control Register

Figure 13-15.

The information stored in the control register, shown in Figure 13-15,
determines the basic operation of the USART module. The register bits select
the communication mode and the number of bits per character. All bits should
be programmed to the desired mode before resetting the SWRST bit.

USART Control Register

7 0

UCTL _
070h Unused| Unused | Unused| CHAR | Listen | SYNC MM [SWRST

w—0 rw-0 w0 rw-0 rw-0 rw-0 rw-0 rw-1
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Bit O:

Bit 1:

Bit 2:

Bit 3:

Bit 4:

Bit 5:

Bit 6:
Bit 7:

The USART state machines and operating flags are initialized
to the reset condition (URXIFG=USPIIE=0, UTXIFG=1) if the
software reset bit is set. Until the SWRST bit is reset, all affected
logic is held in the reset state. This implies that after a system
reset the USART must be reenabled by resetting this bit.

Master mode is selected when the MM bit is set. The USART
module slave mode is selected when the MM bit is reset.

Peripheral module mode select

The SYNC bit sets the function of the USART peripheral-
interface module. Some of the USART control bits have different
functions in UART and SPI modes.

SYNC = 0: UART function is selected

SYNC = 1: SPI function is selected

The listen bit determines the transmitted data to feed back
internally to the receiver. This is commonly called loopback
mode.

Character length

This register bit sets the length of the character to be transmitted
as either seven or eight bits.

CHAR = 0: 7-bit data

CHAR = 1: 8-bit data

Unused
Unused

Unused

13.5.2 Transmit Control Register UTCTL

The transmit control register (UTCTL), shown in Figure 13-16, controls the
USART hardware associated with transmitter operations.

Figure 13—16. Transmit Control Register UTCTL
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Bit O:

Bit 1:

7 0

UTCTL
071h | CKPH| CKPL [ SSEL1 [ SSELO |Unused|Unused| STC |TXEPT

rw—0 rmw-0 rw-0 rw-0 rw-0 rw-0 rw—0 rw-1

Master mode:

The transmitter-empty flag TXEPT is set when the transmitter
shift register and UTXBUF are empty, and reset when data are
written to UTXBUF. It is set again by a SWRST.

Slave mode:
The transmitter-empty flag TXEPT is not set when the trans-
mitter shift register and UTXBUF are empty.

The slave transmit-control bit STC selects if the STE pin is used
for master and slave mode:



Bit 2:
Bit 3:
Bits 4, 5:

Bits 6, 7:

Control and Status Registers

STC =0: The four-pin mode of SPI is selected. The STE
signal is used by the master to avoid bus conflicts,
or is used in slave mode to control transmit and
receive enable.

STC =1: The three-pin SPI mode is selected. STE is not
used in master or slave mode.

Unused
Unused

Source select 0 and 1
The source-select bits define which clock source is used for
baud-rate generation only when master mode is selected:
SSEL1,SSELO 0 External clock UCLK selected

1  Auxiliary clock ACLK selected

2,3 MCLK
In master mode (MM = 1), an external clock at UCLK cannot be
selected since the master supplies the UCLK signal for any
slave. In slave mode, bits SSEL1 and SSELO are not relevant.
The external clock UCLK is always used.

Clock polarity CKPL and clock phase CKPH

The CKPL bit controls the polarity of the SPICLK signal.

CKPL=0: The inactive level is low; data is output with the
rising edge of UCLK; input data is latched with
the falling edge of UCLK.

CKPL=1: The inactive level is high; data is output with the
falling edge of UCLK; input data is latched with
the rising edge of SPICLK.

The CKPH bit controls the polarity of the SPICLK signal as

shown in Figure 13-17.

CKPH =0: Normal UCLK clocking scheme

CKPH =1: UCLK is delayed by one half cycle

Figure 13-17. USART Clock Phase and Polarity
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When operating with the CKPH bit set, the USART (synchronous mode)
makes the first bit of data available after the transmit shift register is loaded and
before the first edge of the UCLK. In this mode, data is latched on the first edge
of UCLK and transmitted on the second edge.

13.5.3 Receive Control Register URCTL

The receive control register (URCTL), shown in Figure 13-18, controls the
USART hardware associated with the receiver operation and holds error

conditions.

Figure 13—-18. Receive Control Register URCTL
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The overrun-error-flag bit (OE) is set when a character is
transferred to URXBUF before the previous character is read.
The previous character is overwritten and lost. OE is reset by a
SWRST, a system reset, by reading the URXBUF, or by an
instruction.

Undefined, driven by USART hardware

Frame error. The FE bit is set when four-pin mode is selected
and a bus conflict stops an active master by applying a negative
transition signal to pin STE. FE is reset by a SWRST, a system
reset, by reading the URXBUF, or by an instruction.

13.5.4 Baud Rate Select and Modulation Control Registers

The baud-rate generator uses the content of baud-rate select registers UBR1
and UBRO, shown in Figure 13-19, to generate the serial-data-stream bit
timing. The smallest division factor is two.

Figure 13—19. USART Baud-Rate Select Register
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7 0
UBRO
074h 27 26 25 24 23 22 2l 20
rw rw rw rw rw 'w 'w 'w
7 0
UOB7§ﬁ 215 214 213 212 211 210 29 28




Control and Status Registers

Baud rate = —BRCLK__ \iith UBR= [UBR1,UBRO]

UBR + 1Zmi

The maximum baud rate that can be selected for transmission in master mode
is half of the clock-input frequency of the baud-rate generator. In slave mode,
the rate is determined by the external clock applied to UCLK.

The modulation control register, shown in Figure 13-20, is not used for serial
synchronous communication. It is best kept in reset mode (bits m0 to m7 = 0).

Figure 13-20. USART Modulation Control Register

7 0
UMCTL
073h m7 m6 m5 m4 m3 m2 ml mO
rw rw rw rw rw rw rw rw

13.5.5 Receive Data Buffer URXBUF

The receive data buffer (URXBUF), shown in Figure 13—-21, contains previous
data from the receiver shift register. URXBUF is cleared with a SWRST or a
PUC signal. Reading URXBUF resets the receive-error bits and the receive-
interrupt flag URXIFG.

Figure 13-21. Receive Data Buffer URXBUF

7 0

URXBUF
076h 27 26 25 24 23 22 21 20

'w 'w 'w 'w 'w 'w 'w 'w

The MSB of the URXBUF is always reset in seven-bit-length mode.

13.5.6 Transmit Data Buffer UTXBUF

The transmit data buffer (UTXBUF), shown in Figure 13—-22, contains current
data for the transmitter to transmit.

Figure 13-22. Transmit Data Buffer UTXBUF

7 0
UTXBUF
077h 27 26 25 24 23 22 21 20

r'w 'w 'w 'w 'w 'w 'w 'w

The UTXIFG bit indicates that UTXBUF is ready to accept another character
for transmission. In master mode, the transmission is initialized by writing data
to UTXBUF. The transmission of this data is started immediately if the transmit
shift register is empty.

When seven-bit character-length is used, the data moved into the transmit
buffer must be left-justified since the MSB is shifted out first.

USART Peripheral Interface, SPI Mode 13-19



13-20



Chapter 14

Liquid Crystal Display Drive

This chapter describes the MSP430x3xx liquid crystal display (LCD) driver.
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LCD Drive Basics

14.1 LCD Drive Basics

14-2

LCDs must be driven with ac voltages. DC voltage signals applied to LCD seg-
ments can harm and even destroy an LCD. The LCD controller/driver on the
MSP430 devices simplifies the use of LCD displays by creating the ac voltage
signals automatically.

Static LCDs have one pin for each segment and one pin for the ground plane,
S0 one can see how the pin-counts of large LCDs with many segments could
easily become cumbersome. For example, an 80-segment, static LCD re-
quires 81 pins. To reduce pin-counts, LCDs are often multiplexed. This means
the individual LCD segments are arranged in a matrix of the segment pins and
common pins, such that each LCD segment has a unique combination of a
segment pin and a common pin for activation, but each segment pin can be
used for more than one segment. For example, a 2-MUX LCD contains one
segment pin for every two segments and 2 common layers, each with a pin.
The two segments that share any pin are connected to different common lay-
ers for individual control. The table below shows a possible pin configuration
for a 2-MUX, 16-segment LCD. There are 10 total pins.

Pin 1 segment 1 segment 2
Pin 2 segment 3 segment 4
Pin 3 segment 5 segment 6
Pin 4 segment 7 segment 8
Pin 5 segment 9 segment 10
Pin 6 segment 11 segment 12
Pin 7 segment 13 segment 14
Pin 8 segment 15 segment 16

common pin 0 common pin 1

LCDs with more common planes realize greater pin-count reductions. For ex-
ample, a possible pin configuration of a 4-MUX, 16-segment LCD is shown be-
low. This LCD has 8 total pins for a reduction of 2 pins over the 2-MUX configu-
ration above. 2 pins is generally not significant, however, in the case of a
132-segment LCD for example, the required pins for a 2-MUX version would
be 68 (132/2 +2), whereas the required pins for a 4-MUX version would be 37
(132/4 +4).

Pin 1 segment 1 segment 2 segment 3 segment 4
Pin 2 segment 5 segment 6 segment 7 segment 8
Pin 3 segment 9 segment 10 segment 11 segment 12
Pin 4 segment 13 segment 14 segment 15 segment 16

common pin 0 common pin 1 common pin 2 common pin 3



LCD Drive Basics

Because of the multiplexing of segments with segment pins, the required drive
signals for the segment pins and common pins can be complicated. Each seg-
ment and common pin of a multiplexed LCD requires a time-division-multi-
plexed signal in order to only turn on the desired segments and to avoid having
a dc voltage on any segment. Some examples of segment and common sig-
nals are shown below. Fortunately for the user, the MSP430 creates all these
signals automatically.

With static LCDs, each segment pin drives one segment. Figure 14—1 shows
some example waveforms with a typical pin assignment.

Figure 14-1. Static Wave-Form Drive

Vbp
COMO — L GND
—»— frrame
] — VoD
SP1 GND
COMO Vpp
SP2 — — GND
SP1
STe — Vbp
bﬂ— SP2 Resulting Voltage for
Segment a (COMO0-SP1), ov
- SP7 Segment Is On.
SP3
[ — — -VpD
SP5 : sPs Resulting Voltage for
SP4 Segment b (COMO-SP2), ov

. Segment Is Off.
SP = Segment Pin
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With 2-MUX LCDs, each segment pin drives two segments (see Figure 14-2).

Figure 14-2. Two-MUX Wave-Form Drive

com1
;? comoﬂ_\ |J_\ |J_‘ |J_\_
¥ frrame
COMl—I |__| |__I |__I d
COMO

SP1

SP2

SPl

Resulting Voltage for

Segment h (COM0-SP2),

Segment Is On.
SP = Segment Pin

Resulting Voltage for
Segment b (COM1-SP2),
Segment Is Off.
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- = =
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VoD
—V3 = VDD/2
GND
VoD
—V3 = VDD/Z
GND

GND

Vbb

GND
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With three-MUX LCDs, each segment line drives three segments.

Figure 14-3. Three-MUX Wave-Form Drive

com2
VDD

COMO -V2=2/3VpD
-V4=1/3VDD

ff GND
@ Trame —» Voo

-V2 =2/3Vpp

COM1 —V4 = 1/3Vpp
GND
VbD

_‘—\_/—\_\__‘—\_1—\_\_ BV

’ SP1 _:—'_,_|_|__:—'_,_|_|_

COM1

COMO
Com2

-V4=1/3Vpp
GND

VbD

-V4=1/3Vpp
GND
d

GND
VDD
SP1 SP3
SP2 SP3

-V2=2/3Vpp
SP = Segment Pin

VbD

R

GND

VbD
Resulting Voltage for

Segment Is Off.

Resulting Voltage for
Segment d (COMO0-SP2), oV
Segment Is On.
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LCD Drive Basics
With 4-MUX LCDs, each segment pin drives four segments.

Figure 14-4. Four-MUX Wave-Form Drive
com3

COMO
COM2
f firame |
Hcom COMl_I_\_\J_\_\_I_\_I_\_\_I_\_\_I_I

como COMZ_I_\_I_\_\J_\_\_I_\_I_\_\_I_\_
C0M3_\_\_I_\_I_\_\__\_\_I_\_I_\_\_

Splww
SP2 SPZJ_I_I_I_:—'_'_J_I_I_I_:—'_'_I
SP1

SP = Segment Pin

Resulting Voltage for
Segment e (COM1-SP1),
Segment Is Off.

Resulting Voltage for I_I_| I_I_|
Segment ¢ (COM1-SP2), _ll_ll_i_l l '_|| I_I'_i_l l II

Segment Is On.
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VDD
-V2=2/3Vpp
-V4=1/3Vpp
GND
VpD
-V =2/3Vpp
-V4=1/3Vpp
GND
VDD
-V2=2/3Vpp
-V4=1/3Vpp
GND
VpD
-V2=2/3Vpp
-V4=1/3Vpp
GND
VbD
-V2=2/3Vpp
-V4=1/3Vpp
GND
VpD
-V2=2/3Vpp
-V4=1/3Vpp
GND

VbD
oV

-VbD

VbD
ov

-VbD
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14.2 LCD Controller/Driver

The LCD controller/driver peripheral, shown in Figure 14-5, contains all the
functional blocks and generates the segment and common signals required
to drive an LCD.

Figure 14-5. LCD Controller/Driver Block Diagram

o S29/029/
E M DCTL MEl
> ux |— —?828/028
> | |
Group 7 | : |
I I |
Display : || Segment :
Memory | | Output |
15x8 Bit | : Control |
SH wux (H oer =92 L 52102
> |
Group 1 I | |
. |
> |
> Mux \ Segl |
< : —{>S1
» o— / I
> |
> Mux \ Seg 0 <
ADR 31h — 3Fh i o
Group 1-7 A A A 7YY ¢A
®
®
LCD I vy
Control LCDM2 Groupl-7 Common L — cowm3
and 7 Output [=> COM2
Mode |Group 1-7 Control [ => COM1
Register —{ > COMO
PUC >—e—{ ADR: 30h
oM<
===
ayayal
S99
T LCDM1 R —1— R33
> <] R23
[ > Analog Voltage
i Multiplexer <JR13
<1 RO3
g Timing Generator >
fLecp>—?
OscOff ?
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14.2.1 LCD Controller/Driver Features
The LCD controller/driver features are:
(] Display memory
(1 Automatic signal generation

(1 Support for 4 types of LCDs:
W Static
B 2 MUX, 1/2 bias
B 3 MUX, 1/3 bias
B 4 MUX, 1/3 bias

(1 Multiple frame frequencies
[ Unused segment outputs may be used as general-purpose outputs.
[ Unused display memory may be used as normal memory
[ Operates using the basic timer with the auxiliary clock (ACLK).
The LCD-line frame frequencies include:
; . f = l x f
[ Static mode: frame — 2 LCD
. f =1 f
1 2MuX frame ~— 4 © 'LCD
f =1y f
O 3 MUX: frame ~ 6 LCD
f =1y
O 4 MUX: frame — g LCD

14.2.2 LCD Timing Generation

The LCD controller uses the f| ¢cp signal from the Basic Timerl (discussed in
Chapter 10) to generate the timing for common and segment lines. The
frequency f| cp of signal is generated from ACLK. Using a 32,768-Hz crystal,
the fi cp frequency can be 1024 Hz, 512 Hz, 256 Hz, or 128 Hz. Bits FRFQ1
and FRFQO allow the correct selection of frame frequency. The proper
frequency f cp depends on the LCD’s requirement for framing frequency and
LCD multiplex rate, and is calculated by:

fLep = 2 x MUX rate X frraming

A 3 MUX example follows:

LCD data sheet: frraming = 100 Hz .... 30 Hz

FRFQ: fLcd = 6 % frraming
flcp = 6 x 100 Hz = 600 Hz ... 6 x 30 Hz = 180 Hz
Select f cp: 1024 Hz, 512 Hz, 256 Hz, or 128 Hz

fLcp = 32,768/128 =256 Hz FRFQ1 = 1; FRFQ0 =0

14-8
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14.2.3 LCD Voltage Generation

The voltages required for the LCD signals are supplied externally and are
applied to pins R33, R23, R13, and R03 (see Figure 14-6). Generally, the
voltages are generated with an equal-weighted resistor ladder. Note that pins
R33 and R0O3 are not present on all MSP430 devices. Check the datasheet for
the presence of these pins.

When pins R33 and R03 are not preset, voltage V1 is tied to V¢ and voltage
V5 is tied to Vgg internally. When these pins are present, they provide two
advantages to the user. First, R33 is a switched-V ¢ output. This allows the
power to the resistor ladder to be turned off reducing current consumption.
Also, when these pins are present, R03 is not tied internally to Vgg. This allows
the user to control the offset of the LCD voltages thereby providing for
temperature compensation or contrast adjustment. If this not desired, the user
may simply connect RO3 to Vgs.

Figure 14—6. External LCD Module Analog Voltage

Analog Levels

Vce .
COMN é Voltage Connections
Segn For the Different Modes:
3Mux
R33% Static 2Mux  4Mux
VA VB VC VD Ron Vi Vee | —
R
R23
RR3
v2lb—< v (
SS Opgn)
V3 R R
Analog MUX
R13
V4 Vgg —o —
R R
LCD Phases — —
LCDMO ——p
LCDM3 ——b VE— Vss — 1
LCDM4 ——»
OscOff ——»

OscOff LCDM4 LCDM3 LCDMO VA VB VvC VD RONT
X X 0 0 0 0 0 OFF
X X X 0 0 0 0 OFF
0 0 1 V5/V1 V1/V5 V5/V1 V1/NV5  ON
0 1 1 V5/V1 V1N5 V3/V3 V1/V5  ON
1 X 1 V5/V1 V2/V4 V4/N2 VINN5  ON

T Indicates the position

of the Ron switch, controlled by the LCDMO bit.

t Supply pins for V1 and V5 are optional. Devices without R33 and R03 pins have V1tied to Vcc and V5 tied to Vgs.
In this case, the resistor ladder should also be tied to Vcc and Vgg,

Liquid Crystal Display Drive 14-9
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14.2.4 LCD Outputs

The LCD outputs use transmission gates to transfer the analog voltage to the
output pin where they are used to drive liquid crystal displays. Groups of LCD
outputs can be configured to operate as digital outputs as shown in
Figure 14-7.

Figure 14—7. Schematic of LCD Output

Analog Levels Analog Switches
vC ro__'i coMo
| I > 3
vD I 0 I CcoMm3
Control | |
COMO0-3 | |
VA l O I
| | —~ Seg0
VB : 1” | Segl
I
Control |
Segment/COMO0-3 i : Se;gz
[
VA lo | Segn S2/02
o :
VB L _! Sn/On
Control
Segment/COM0-3 — |
(LCDMS5, 6, 7)
Out2
o
[ d
L]
Data (LCD RAM, ﬁ Outn

Bit O to Bit 3
Bit 4 to Bit 7)

NOTE: The signals VA,VB,VC, and VD are from the LCD analog voltage generator.
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14.2.4.1 LCD Port as General-Purpose Outputs

LCD Controller/Driver

The logic level of an Oxx output is defined by the 4 display memory bits
assigned to the pin (see Figure 14-8). All 4 bits must have the same value or
the output will not be static. For example, if pin S10/010 is used as a general-
purpose output, Its state is defined by bits 0—3 at memory address 036h and

the bits must have the same value.

Figure 14-8. Segment Line or Output

Segment Information

From Display Memory

A H3 2 1 o
Parallel-Serial G2
Conversion |B ?_ \\//

Line

Segment Information

From Display Memory

3

Ve

B | Conversion

| |
2 1 0
0 {A Parallel-Serial

‘ <4— Analog Levels

4—— Segn

Analog Levels — 1 0
Analog Mux <4 <
Segn —b;
¢ Segment/Port
Control
SXX

!
O

Sxx/Oxx

Sxx/Oxx

Liquid Crystal Display Drive

14-11



Mixed LCD and Port Mode Application

14.2.4.2 Mixed LCD and Port Mode Application

Figure 14-9 illustrates the mixed mode using a four-MUX LCD drive for 13
digits and one port group as digital outputs. In the example below, digital
outputs 026 — 029 are defined to be general-purpose outputs by bits LCDM5,
LCDM6, and LCDM7 inthe LCDCTL register. In this example, the value of the
LCDMXx bits is 06h.

Figure 14-9. Mixed LCD and Port Mode Application

a a

Ll oL

Ll oL

C
d Op d Op
MDB S25 AA S24000 5166 S0
BTl 71 61 51 41 31 21 110l
com| 3] 2] 1] 0] 3] 2]1]0]| 029
0003Fh | 029| 029 | 029 | 029 | 028 028 | 028 | 028 >
0003Eh |027| 027 | O27 | 027 | 026 |026 | 026 | 026
0003Dh h g f e d c b a [T Digit13 —_|
0003Ch | h g f e d c b a Digit 12
0003Bh | h g f e d c b a Digit 11
0003Ah | h g f e d c b a Digit 10 o28
0003%h | h g f e d c b a Digit 9
00038h | h | g9 f e d | c b a Digit 8
00037h h g f e d c b a Digit 7
00036h | h | g fleld[c |[b]a Digit 6
0003sh [ h [ ¢ f | e d | c b | a Digit 5 027
00034h | h | g f| e d | c b | a Digit 4 —
00033h | M| 9 fle| d|c | b | al| Digit3
00032h | h | g f e d | c b a Digit 2
00031h | h | g f e d | c b a [~ Digitl
00030h 1 1 0 1 1 1 X 1 LCDCTL
MAB
026
—>
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LCD Port—Timer/Port Comparator Input

14.2.4.3 LCD Port—Timer/Port Comparator Input

The comparator input associated with the Timer/Port module is typically
shared with one segment line as shown in Figure 14-10. The LCD segment
function is selected for this pin after the PUC signal is active. The comparator
input is selected once the CPON bit—Ilocated in the Timer/Port module—has
been set. Once the CPON bit is set, the comparator input remains selected for
the pin until itis deselected by a PUC signal. Therefore, this pinis not available
for the LCD function if it is used for the comparator function. Additionally, once
selected for the CMPI function, it can not be switched back to the LCD function
without a PUC (power-up clear).

Figure 14-10. Schematic of LCD Pin — Timer/Port Comparator

r-—-—m——H—(—({—Tf{—f——"—F———F————————— A
>—

| Lcb Module Sxx/Oxx |
Y A, |
r-—-—-———————"—"——————"—"\®—————— A

: 0l : SXX/OXX/ICMPI
| o |

| 1 |

| |

| |

| CMPI |

| |

| |

| CPON |

| Vecla |

| o1 Veej

| |

| |

| Vss | CIN
| <] <1
| Timer/Port Module — Schematic detail \l |
o a

NOTE: The comparator is selected with the CPON bit. It remains selected, consumes current,
and the comparator reference consumes current as long as the CPON bit is set.
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14.2.5 LCD Control Register

The LCD control register contents define the mode and operating conditions.
The LCD module is byte structured and should be accessed using byte
instructions (suffix .B). All LCD control register bits are reset with a PUC signal.

Figure 14-11.L.CD Control and Mode Register

7 0
LCDCTL
030h LCDM7 | LCDM6 | LCDM5 | LCDM4 | LCDM3 | LCDM2 | LCDM1 | LCDMO
rw—0 rw—0 rw—0 rw—0 rw—0 rw—0 rw—0 rw—0
LCDMO: LCDMO = 0: The timing generator is switched off.
Common and segment lines are low.
Ron is off.
Outputs selected as port output lines are not
affected.

LCDMO = 1: Common and segment lines active.

Ron is on.
Outputs selected as port output lines are not
affected.
LCDML1: Not used
LCDM2 to 4: These three bits select the display mode as described in
Table 14-1.
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Table 14-1.L.CDM Selections

Figure 14-12.

LCDM4 | LCDM3 | LCDM2 | Display Mode

X X 0 All segments are deselected. The port outputs
remain stable. This supports flashing LCD
applications.

0 0 1 Static mode

0 1 1 2 MUX mode

1 0 1 3 MUX mode

1 1 1 4 MUX mode

The primary function of the LCDM2 bit is to support flashing or blinking the
LCD. The LCDM2 hitis logically ANDed with each segment’s display memory
value to turn each LCD segment on or off (see Figure 14-12). When
LCDM2=1, each LCD segment is on or off according to the LCD display
memory. When LCDM2=0, each LCD segment is off, therefore blanking the
LCD.

Information Control

S0, S1: Segment
Information

To Output Control

S2 — S29: Segment
Information

To Output Control

)

LCDM2 ——
Groupn (1-7) ——

LCDM51to 7:  These three bits select groups of outputs to be used for LCD
segment drive or as general-purpose outputs, as described
in Table 14-2. The pins selected as general-purpose outputs
reflect the state of the corresponding display memory bits and
no longer function as part of the LCD segment lines

Table 14-2.L.CDM Signal Outputs for Port Functions

LCDM7 | LCDM6 | LCDM5 | GroupO § Groupl | Group2 | Group3 | Group4 | Group5 | Group6 | Group7
0 0 0 S0-S1 | 02-05 | 06-09 | O10- 014- 018- 022- 026- ~reset
013 017 021 025 029 condition
0 0 1 S0-S1 | S2-S5 | 06-09 | O10- 014- 0o18- 022- 026-
013 017 021 025 029
0 1 0 S0-S1 | S2-S5 | S6-S9 | O10- 014- 018- 022- 026-
013 017 021 025 029
0 1 1 S0-S1 | S2-S5 | S6-S9 | S10- 014- o18- 022- 026-
S13 017 021 025 029
1 0 0 S0-S1 | S2-S5 | S6-S9 | S10- S14- o18- 022- 026-
S13 S17 021 025 029
1 0 1 S0-S1 | S2-S5 | S6-S9 | S10- S14- S18- 022- 026-

S13 S17 S21 025 029

0 S0-S1 | S2-S5 | S6-S9 | S10- S14- S18- S22- 026-
S13 S17 S21 S25 029

1 SO0-S1 | S2-S5 | S6-S9 | S10- S14- S18- S22- S26-
S13 S17 S21 S25 S29

S = LCD segment function
O = GP output function
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14.2.6 LCD Memory

The LCD memory map is shown in Figure 14-13. Each individual memory bit
corresponds to one LCD segment. To turn on an LCD segment the memory
bit is simply set. To turn off an LCD segment, the memory is reset.

The mapping of each LCD segment in an application depends on the
connections between the '430 and the LCD and on the LCD pin-out. Examples
for each of the four modes follow including an LCD with pin out, the
'430-to-LCD connections, and the resulting data mapping.

Figure 14-13. Display Memory Bits Attached to Segment Lines

Associated ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘
Common Pin Associated '430
Address Segment Pin
7 0 n
03Fh =T =]~ ~T~-]~T1~-]28 2928
03Eh == =] [~ ~=]~]28 27,26
03Dh =] =T -T-T=1~-]2a 2524
o3ch [~[-T-T-T-T-T-T-]22 232
03Bh |~ |~ |~-] -] -]~ ]~]~]20 21,20
03ah | =] = | -] <] -]~ |- [-|18 1918
039h == =]~~~ ]~]1.6 17,16
3h [~]-[-]-[-]-[-1-]14 1514
03th [~ -[-[-]-]-1-1-]12 1312
o36h | ~| -] -] -] ~|—-]~-]-]10 11,10
035h ~ 1 -T-1T-T-T-T-17-1s 9,8
03h |~ |- |-[-|~-[~-1~-]-]6 76
033h e T e et M M R M 54
032h il B Ml Bt el Bt Bt Bt B 3,2
031h SN R U U U (N B R ) 1,0

Sn+1 Sn

14.2.6.1 Example Using the Static Drive Mode

14-16

The static drive mode uses one common line, COMO. In this mode, only bit 0
and bit 4 are used for segment information. The other bits can be used like any
other memory.

Figure 14-14 shows an example static LCD, pin-out, LCD-t0-'430
connections, and the resulting data mapping. Note this is only an example.
Segment mapping in a user’s application completely depends on the LCD
pin-out and on the '430-to-LCD connections.
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Figure 14-14. Example With the Static Drive Mode

LCD

a

In|
g

a a

iy oy |
L - 0.

a

Ll

d O d d d
Pinout and Connections Display Memory
Connections comMmI3l 21110 3| 2] 1]O0]
o] [Lcomw | g oy T T T T T 8] e
03Eh[~] - -Td ] -]=-T-1c¢ 26 Digit 4
SO <> 1 la
S1 <> 2 1b 03Dh | -- - - b i = = a 24 _
S2 4% 3 1c o3ch|-|-—-| - |h = - | - g 22
S8 <> 4| 1d 03Bh [~ | = | = | f|-]~-]-1]¢ 20 .
S4 «» 5| 1le —T— T — Digit 3
S5 < 6 | 1f 03Ah d c 18
6 «» 7 | 1g o3h [-| - [ ~-|b|~-[~-]~]a 6
S7 <» 8| 1h ossh [~ |~ | - h ][ -]~-1T-Tg9g 14
S8 <4 9 | 2a S N S B R I R R 12
SO 4% 10| 2b 037h 3 Digit 2
S10 <« 11 2c 036h | — | — | - il i B B 10
S11  «—» 12 2d 035h | - | - | - | b | -=-|-1]-]a 8
S12 «» 13| 2e 03h |~ |~ | = | h ]| ~-]—-]-]g 6
S13 €» 14 2f
S14 <« 15| 2g og3hf=|—= |~ fl=-]~-]~]¢ 4 Digit1
S15 < 16 [ 2h o2h|~| -] ~-|d]|]-|-]-]cC 2
S16 < 17 | 3a 03th | - | =~ | - | b | ~-|-]-]a o
S17 < 18| 3b | | | | | | | |
S18 «» 19 | 3c L | |
3 2 1 0 3 2 1 O
S19 < 20| 3d A G0 0, A\ parallel-Serial
S20 <4 21| 3e B] ~3 3~ |B| Conversion
S21 &> 22| 3f . 1
S22 < 23| 3g
S23 4—» 24 3h
S24 <4—» 25 4a Sn+1 Sn
S25 <4 26 | 4b
S26 > 27 4c
S27 <4» 28 4d
S28 <4—» 29 4e
S29 4> 30 4f
NC «—» 31
NC <> 32
COMO < 33 | COMO
COM1 NC
COM2 NC
COM3 NC

14.2.6.2 Example Using Two-MUX, 1/2 -Bias Drive Mode

The two-MUX drive mode uses COMO and COML1. In this mode, bits 0, 1, 4,
and 5 are used for segment information. The other bits can be used like any

other memory.
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Figure 14-15 shows an example two-MUX LCD, pin-out, LCD-t0-'430
connections, and the resulting data mapping. Note this is only an example.
Segment mapping in a user’s application completely depends on the LCD
pin-out and on the '430-to-LCD connections.

Figure 14-15. Example With the Two-MUX Mode
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S11 <4» 12 3e 39 035h | -- | —- b h | a f 8 Digit 3
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S13 *» 14| ah b 03h|—-|~-]gle|-|-|c|d 6 Digit 2
S14 <«» 15| 4d 4c 033h | - | - | b|h|-|-]a]f 4
S15 <+» 16 4e 4g 032h oo — g e — _— C d 2 _
S16 < 17 | 5f 5a POTSS B  E  E P 0 Digit 1
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S20 «» 21| 6  6a cQ 0, 7| serial
S21 «» 22| 6h 6b Bl 3 37 |B| conversion
S22 4 23| 6d 6¢c I 1
S23 <> 24| 6e 69 l l
S24 «» 25| 7f 7a
S5 «» 26| 7Th b Sn+l Sn
S26 <+» 27| 7d 7c
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S28 < 29 | sf 8a
S29 <> 30| 8n 8b
NC < 31
NC <> 32
COMO < 33 | COMO
COM1 > 34 coM1
coM2 NC
com3 NC
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14.2.6.3 Example Using Three-MUX, 1/3 -Bias Drive Mode

The three-MUX drive mode uses COMO, COM1, and COM2. In this mode, bits
0,1,2,4,5,and 6 are used for segment information. The other bits can be used
like any other memory.

Figure 14-16 shows an example three-MUX LCD, pin-out, LCD-to-'430
connections, and the resulting data mapping. Note this is only an example.
Segment mapping in a user’s application completely depends on the LCD
pin-out and on the '430-to-LCD connections.

Figure 14-16. Example With the 3-MUX Mode
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S9 <> 10| 4e 4 4y seh (=1 b c hl=1algld 0
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S12 «» 13| 5 5 5y 03¢h |-l ajgjdj—-jy | f|e 6 _
S13 <4» 14| 54 59 5a 033h |- b|c|h|-~-]al|g]|d 4 bigit2
S14 <» 15| 51 5c  5b oxh -1yl flel=1bc|hn 2
S15 <> 16| 6e 6f 6y Bih [~ algldl =1y [ f]e o Dottt
S17 <«—» 18| 6h 6 6
S18 «» 19| 7 7 7y Al o3 2 1 03 2 1 0 paratel
S1I9 «» 20| 7d 79 7a sl €3 3G | 22
S20 e«» 21| 7h 7 7 H m Conversion
S21 <4» 22| 8e 8f 8y i l
S22 «» 23| 8d 8y 8a
S23 4> 24| 81 8 8b Sn+l Sn
S24 <4» 25| 9 of 9y
S25 4» 26| 9d 9g 9a
S26 €«» 27| on 9c 9b
S27 4% 28 | 10e 10f 10y
S28 < 29 [ 10d 10g 10a
S29 €% 30 | 10h 10c 10b

COMO <> 31 | COMO

COM1 <4 32 com1

COM2 < 33 CcCoM2

COM3 NC
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14.2.6.4 Example Using Four-MUX, 1/3 -Bias Drive Mode

The four-MUX drive mode uses all four common lines. In this mode, bits 0
through 7 are used for segment information.

Figure 14-17 shows an example four-MUX LCD, pin-out, LCD-t0-'430
connections, and the resulting data mapping. Note this is only an example.
Segment mapping in a user’s application completely depends on the LCD
pin-out and on the '430-to-LCD connections.

Figure 14-17. Example With the Four-MUX Mode
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S22 4—» 23 12d  12e 12g 12f I B Conversion
S23 <424 | 12h 12¢ 12b 12a
S24 425 | 13d 13e 13g 13f l
S25 <426 | 13h 13c 13b 13a
+1
S26 €»27 | 14d 14e 1lag 14f Sn Sn
S27 <—» 28 | 14h 14c 14b 14a
S28 <429 | 15d 15e 159 15f
S29 <4»30 | 15h 15¢ 15b 15a
COMO <« 31 | COMO
COM1 €¢—» 32 com1
COM2 <33 com2
COM3 €—» 34 CcoM3
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14.3 Code Examples
Code examples for the four modes follow.
14.3.1 Example Code for Static LCD
.sect "lcd1mux”,0f000h

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

a EQU  001h
b EQU  010h
c EQU  002h
d .EQU  020h
e EQU  004h
f EQU  040h
g EQU  008h
h .EQU  080h

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

LCD1 .EQU 00031h

LCD15 .EQU 0003Fh

MOV.B Table (Rx),RY ; Load segment information

; into temporary memory.

; (Ry) = 0000 0000 hfd bgec a
MOV.B Ry,&LCDn ; Note:

; All bits of an LCD memaory

" byte are written
RRA Ry ; (Ry) = 0000 0000 Ohf dbge ¢
MOV.B Ry,&LCDn+1 : Note:

; All bits of an LCD memory

; byte are written
RRA Ry ; (Ry) = 0000 0000 00h f dbg e
MOV.B Ry,&LCDn+2 ; Note:

; All bits of an LCD memory

" byte are written
RRA Ry ; (Ry) = 0000 0000 000 hidb g
MOV.B Ry,&LCDn+3 : Note:

; All bits of an LCD memory

" byte are written

1I'able .BYTE a+b+c+d+e+f ; displays "0”

.BYTE b+c; ; displays "1”
BYTE
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14.3.2 Example Code for Two MUX, 1/2-Bias LCD

.sect "lcd2mux”,0f000h
All eight segments of a digit are often located in two
display memory bytes with the 2MUX display rate

a EQU  002h
b EQU  020h
c .EQU  008h
d EQU  004h
e EQU  040h
f EQU 001lh
g EQU  080h
h .EQU  010h

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

LCD1 .EQU 00031lh

LCD15 .EQU 0003Fh

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

MOV.B Ry,&LCD, ; (Ry) = 0000 0000 ge bh cd af
; Note:
; All bits of an LCD memory byte
; are written

RRA Ry ; (Ry) = 0000 0000 Ogeb hcda

RRA Ry ; (Ry) = 0000 0000 00 ge bh cd

MOV.B Ry,&LCDh+1 ; Note:
; All bits of an LCD memory byte
; are written
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14.3.3 Example Code for Three MUX, 1/3-Bias LCD

.sect "lcd3mux”,0f000h
The 3MUX rate can easily support nine segments for each
digit. The nine segments of a digit are located in
1 1/2 display memory bytes.

a .EQU 0040h

b .EQU 0400h

c .EQU  0200h

d .EQU 0010h

e .EQU 0001h

f .EQU 0002h

g .EQU 0020h

h .EQU 0100h

Y .EQU 0004h

; The LSDigit of register Rx should be displayed.
; The Table represents the 'on’-=segments according to the
;  LSDigit of register of Rx.

i The register Ry is used for temporary memory
LCD1 .EQU 00031h

LCD15 .EQU  0003Fh

ODDDIG RLA Rx ; LCD in 3MUX has 9 segments per
; digit; word table required for
; displayed characters.
MOV Table(Rx),Ry ; Load segment information to
; temporary mem.

; (Ry) = 0000 Obch 0O agd 0 yfe
MOV.B Ry,&LCD, ;write 'a, g, d, y, f, e’ of
; Digit n (LowByte)
SWPB Ry ; (Ry) = Oagd Oyfe 0000 O bch
BIC.B #07h,&LCD n+1 ; write 'b, c, h’ of Digit n
; (HighByte)
BIS.B Ry,&LCD p+1
EVNDIG RLA Rx ; LCD in 3MUX has 9 segments per

; digit; word table required for
; displayed characters.
MOV Table(Rx),Ry ; Load segment information to
; temporary mem.
; (Ry) = 0000 Obch Oagd Oyfe

RLA Ry ; (Ry) = 0000 bchO agdO yfeO
RLA Ry ; (Ry) = 000b chOa gdOy fe00
RLA Ry ; (Ry) = 00bc hOag dOyf e000
RLA Ry ; (Ry) = Obch Oagd 0O yfe 0000

BIC.B #070h,&LCD p+1
BIS.B Ry,&LCD 41 ; write 'y, f, e’ of Digit n+1
; (LowByte)
SWPB Ry ; (Ry) = Oyfe 0000 O bch 0 agd
MOV.B Ry,&LCDh+2 ;write 'b, ¢, h, a, g, d’ of
; Digit n+1 (HighByte)
Table .WORD a+b+c+d+e+f ; displays "0”
.WORD b+c ; displays "1”

\WORD a+e+f+g ; displays "F”
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14.3.4 Example Code for Four MUX, 1/3-Bias LCD

.sect "lcd4mux”,0f000h
The 4MUX rate is the most easy—to—handle display rate.
All eight segments of a digit can often be located in
one display memory byte

a EQU"  080h
b EQU  040h
c .EQU  020h
d EQU  001h
e EQU  002h
f .EQU  008h
g EQU  004h
h .EQU  010h

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

LCD1 EQU 00031h ; Address of LC Display Memory
LCD15 .EQU 0003Fh

MOV.B Table(Rx),&LCD , ;n=1..... 15
; all eight segments are
; written to the display

; memory
Table .BYTE at+b+c+d+e+f ; displays "0”
.BYTE b+c ; displays "1”
BYTE b+c+d+e+g ; displays "d”
.BYTE a+d+e+f+g ; displays "E”
.BYTE ate+f+g ; displays "F”
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Chapter 15

ADC12+2 A-to-D Converter

The ADC12+2 features include:

[ I Ny Iy O

I Iy Ay Ny Ny

Eight analog or digital input channels

A programmable current source on four analog pins
Ratiometric or absolute measurement

Built-in sample-and-hold

End-of-conversion interrupt flag

ADAT register that holds conversion results until the next start of
conversion

Low-power consumption

Stand-alone conversion without CPU processing overhead
Programmable 12-bit or 14-bit resolution

Four programmable ranges that give 14-bit dynamic range
Fast-conversion time

Large supply-voltage range

Monotonic conversion

Topic Page

15.1 IntroducCtion . ... o 15-2
15.2 Analog-to-Digital Operation —...........c.. it 15-4
15.3 ADC12+2 Control Registers ..., 15-13
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Introduction

15.1 Introduction

The 12+2-bit ADC is a peripheral module accessed using word instructions.
Conversion results are contained in the ADAT register. The converted bits are
visible during a conversion and are immediately available to be read at the end
of conversion in the ADAT register. The conversion result is not cleared until
the next conversion is initiated by setting the SOC bitin the ACTL register. The
SOC bit clears the ADAT register for the new result and starts the ADC12+2
clock for another conversion. Figure 15-1 shows the ADC12+2 module
configuration.

Figure 15-1. ADC12+2 Module Configuration
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Rext Analog-To-Digital Converter l | |
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ACTL.14
v
MDB, 16 Bit
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Introduction

The ADC12+2 module has eight individually-configurable input channels. A
conversion can be made on any one of these channels at any time. Four of the
channels, A0, Al, A2, and A3, may also be configured as current source
outputs whose values can be programmed by external resistor Rgyt. Any of the
current source outputs can be turned on (one at a time) to drive external
sensors in order to make ratiometric measurements. Absolute measurements
can also be made by applying an external reference to pins SV¢c or AVpp.

Additionally, the eight channels can be configured as digital inputs. Each input
channel is individually configurable, so each input may be either an analog or
a digital input. The selection is made with the bits in the AEN register. When
used as digital inputs, the values of the digital input signals are read from the
AIN register.

Note:

When sensitive analog conversion takes place, any digital activity on adja-
cent channels may cause crosstalk and interference, giving noisy or incor-
rect conversion results.

The converter has two modes of operation: 12-bit, and 12+2-bit conversion,
depending on the status of ACTL register bit 11. When the range of the input
signal is known the input range may be preselected and the converter can be
used in 12-bit mode. The converter samples the input and then converts it to
12 bits of resolution within any one of the four ranges (see subsection 15.2.3).

In 12+2-bit mode (setting ACTL register bit 11), the range is automatically
selected by the converter to resolve to 14 bits. The input is sampled twice: once
for the 2-bit range selection, and once again for the remaining 12-bits of the
conversion, to give a 12+2-bit result.

In both modes, when a conversion is completed, the interrupt flag (EOC) is set
automatically. The EOC signal disables the ADC clock to conserve power until
the SOC hit is set again.

Note: ADC, Start-of-Conversion

A conversion must always be completed before the next conversion is
initiated. Otherwise, unpredictable conversion data will result.

When powered-down (Pd bit in ACTL register), the ADC current consumption
is stopped. This is valid while SV ¢ is not externally driven. Upon a conversion
start-up or a power-up signal the converter wakes up, but it can take up to 6 ps
to reach steady-state conditions.
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15.2 Analog-to-Digital Operation

The following sections describe the ADC12+2 and operation.

15.2.1 A/D Conversion

15-4

After power-up, the ACTL register must be programmed to make a ratiometric
or absolute measurement and to manually or automatically select a range. In
manual (12-bit) mode, once the range bits are selected they cannot be
changed during the conversion, as this invalidates the results.

Setting the SOC bit in the ACTL register activates the ADC clock to begin a
new conversion. The conversion is based on a successive approximation
technique that uses a resistor array to resolve the M MSBs first, and uses a
switched capacitor array to resolve the remaining L LSBs.

The resistor array, consisting of 2M individually and equally weighted resistors,
forms a DAC; the capacitor array, consisting of L capacitors, forms an A/D
charge redistribution. The capacitors are binary-weighted. The number of
capacitors corresponds to the converter range, or to the digital-output code
L bits.

The sequence, shown in Figure 15-2, starts by selecting the applicable analog
channel and sampling the analog-input voltage onto the top plates of the
capacitor array. The analog multiplexer is then disconnected from the ADC
and the analog input does not need to be present after this sample period.

A successive approximation is performed on the resistor string to find the tap
that corresponds to a voltage within 2L LSBs of VIN. This yields the VH and
VL voltages across one element of the resistor array, and resolves the M
MSBs. The capacitor array then resolves the difference voltage (VH-VL) to L
bits of resolution using a similar successive approximation search on the
capacitor array, starting with the MSB capacitor.

This switching procedure continues with the MSB or largest capacitor to the
smallest (LSB) capacitor in the capacitor array, whereby the initial charge is
redistributed among the capacitors. The particular setting of the switches (both
in the resistor array and in those connected to the bottom plates of the
capacitors) has then induced a change on the top plate that is as close to the
input voltage (VIN) as possible. The switch settings then correspond to the
binary code [12-bit or 12+2-bit] that represents the fraction VIN/VREF.

The top plate voltage is monitored by a comparator with built-in input-offset
cancellation circuitry that senses whether the input voltage is less or greater
than the voltage on the top plate. It generates a digital output that determines
the direction of the successive approximation search.

When this sequence is completed, the top plate voltage is as close to zero as
the converter resolution allows, and the LSB is determined. An EOC signal is
then sent to indicate that the conversion result is available from the ADAT
register.
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Figure 15-2. ADC12+2 Schematic
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15.2.1.1 A/D Conversion Timing

After the ADC12+2 module is activated (Pd bit is reset), at least 6 ps must
elapse before a new conversion is attempted in order to allow the correct
internal biases to be established.

The ADC always runs at one-twelfth the clock rate of the ADCLK. ADCLK is
always MCLK divided by 1, 2, 3, or 4. The ADCLK frequency must be chosen
to meet the conversion time defined in the electrical characteristics (see
device’s data sheet). The ADCLK frequency is selected with two bits (ADCLK)
in control register ACTL. If the ADCLK is too fast, an accurate conversion to
12 bits cannot be guaranteed due to the internal time constants associated
with analog input sampling and the conversion network. Also, if the ADCLK is
too slow, an accurate conversion to 12 bits cannot be guaranteed, due to
charge loss within the ADC-capacitor array, even if the input signal is valid and
steady for the required acquisition time.

Sampling the analog input signal takes 12 ADCLK pulses, and the 12-bit
conversion takes 84 (12 x 7) additional ADCLK cycles. Therefore, a 12-bit
conversion with a preselected range takes 96 ADCLK cycles. Thisis illustrated
in Figure 15-3.
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Figure 15-3. ADC12+2 Timing, 12-Bit Conversion
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In 12+2-bit mode, the analog input signal is sampled twice, each sampling
taking twelve ADCLK clock pulses. After the first sampling of the input signal,
the range conversion occurs and takes 24 ADCLK clocks. After the second
sampling of the input signal (the second sampling occurs automatically), the
12-bit conversion occurs and takes 84 (12 x 7) additional ADCLK clock cycles.
Altogether, the 12+2-bit conversion takes 132 ADCLK cycles as illustrated in
Figure 15-4.

Figure 15-4. ADC12+2 Timing, 12+2-Bit Conversion
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The input signal must be valid and steady during the sampling period for an
accurate conversion (Figure 15-5). To ensure that supply glitching and ground
bounce errors or crosstalk interferences do not corrupt the results, avoid digital
activity on channels adjacent to the analog input during the conversion.
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Figure 15-5. ADC, Input Sampling Timing
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15.2.2 A/D Interrupt

15.2.3 A/D Ranges

Sampling Input I\

The ADC12+2 uses the charge redistribution method and thus the internal
switching of the inputs for sampling causes displacement currents to flow in
and out of the analog inputs. These current spikes or transients occur at the
leading and falling edges of the internal sample pulse. They quickly decay and
settle before causing any problems, because the time constant is less than
that of the effective internal RC. Internally, the analog inputs see a nominal RC
consisting of a nominal 40-pF (C-array) capacitor in series with a nominal 2-kQ
resistor (Rgp of switches). However, if the external dynamic-source impedance
is large, these transients might not settle within the allocated sampling time to
within 12 or 12+2 bits of accuracy.

When an A/D conversion is complete, the EOC signal goes high, setting the
interrupt flag ADIFG. The ADIFG flag is located in the SFR registers in IFG2.2.
The flag is automatically reset when the interrupt is serviced.

Two additional bits control the generation of a CPU interrupt: The ADIE bit in
the SFR register (IE2.2) and the GIE bit. The ADIE bit is an individual bit to
enable or disable the A/D interrupt—its initial state is reset. The GIE bit is the
globalinterrupt enable bit. When both bits are set, a CPU interrupt is generated
at the end of an A/D conversion.

One of four ranges can be selected manually to yield 12 bits of resolution within
any given range. The range is defined with bits ACTL.9 and ACTL.10 prior to
conversion. The converter can also find the appropriate range automatically,
resulting in an overall 12+2-bit conversion.

ADC12+2 A-to-D Converter 15-7
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The ranges are:

0.00 x VREF < VIN < 0.25 x VREF Range A
0.25 x VREF < VIN < 0.50 x VREF Range B
0.50 x VREF < VIN < 0.75 x VREF Range C
0.75 x VREF < VIN < 1.00 x VREF Range D

Where:

VREF is the voltage atthe SV pin, either applied externally or derived by
closing the SV switch with bit 12 of the ACTL register.

After the proper range is selected, the input channel, selected by the
applicable bits in the control register, is connected to the converter input. The
ADC processes the signal at the selected input channel, and the software can
then access the conversion result through the ADAT register.

The digital code (decimal) expected within any one range is:

— INT JMINX 2% _ 513 o ACTL.10 — 22 x ACTL.9

N VREF

Where:
ACTL.10and ACTL.9 are bits 10 and 9 (respectively) in the ACTL register.

Thus, for a 12-bit conversion, the ranges are:

0000h £ N < OFFFh Range A
0000h £ N < OFFFh Range B
0000h < N < OFFFh Range C
0000h < N < OFFFh Range D

and for a 12+2-bit conversion:
0000h < N < 3FFFh

Note: ADC12+2 Offset Voltage

Any offset voltage (Vjg) due to voltage drops at the bottom or top of the
resistor array, caused by parasiticimpedances to the SV ¢ pin or the ground
AGND pin, distorts the digital code output and formula.

15.2.4 A/D Current Source

15-8

When the ADC12+2 is used in sensor applications in conjunction with resistive
elements, current sources may be required so that the input signal can be
referred back to the supply voltage or voltage reference. This allows a
ratiometric measurement independent of the accuracy of the reference.

One of four analog channels can be used for the current-source output, as
shown in Figure 15-6. The current-source (lsource) output can be
programmed by an external resistor (Rext) and is then available on pins A0,
Al, A2, and A3, with the value:
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Where:

SVcc isthe voltage at pin SV and Rextis the external resistor between
pins SV and Rext.

Therefore, for ratiometric measurements, the voltage (Vj,), developed across
the channel input with the resistive elements (channels A0, A1, A2, and A3
only) is:

Vin = (0.25 x SV ) % (Rsens/Rext)

Where:

Rsens is the external resistive element.

Figure 15—6. A/D Current Source

Py
173
@
=1
7]
>
2
g 5
v

AVce
SV Switch q ACTL.1 (SVcc on)
ACTL.12(Pd)

SVce 1

Rext

Rext
Isource

i ResiStOr

4— ACTLS
(off) oM

X} — ACTLE67 ; <q Decode
14

8:1
A3 o ©

Input

A7 [ 4¢— ACTL 2.4

Input

15.2.5 Analog Inputs and Multiplexer

15.2.5.1 Analog Inputs

The analog inputs and the multiplexer are described in the following sections.

The analog-input signal is sampled onto an internal capacitor and held during
conversion. The charge is supplied by the input source, and the charging time
is defined to be twelve ADCLK clocks. Therefore, the external source
resistances and dynamic impedances must be limited so that the RC time
constant is short enough to allow the analog inputs to completely settle to
12-bit accuracy within the allocated sampling time. This time constant is
typically less than 0.8/fapcLKk-

High source impedances have an adverse affect on the accuracy of the
converter, not only due to RC-settling behavior, but also due to input voltage
drops as a result of leakage current or averaged dc-input currents (input

ADC12+2 A-to-D Converter 15-9
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switching currents). Typically, for a 12-bit converter, the error in LSBs due to
leakage current is:

Error (LSBs) =4 x (WA of leakage current) x (kQ of source resistance)/(volt
of VREF).

Example: 50-nA leakage, 10-kQ source resistance, 3-V VREF results in
0.7 LSBs of error.

This also applies to the output impedance of the voltage-reference source
VREF. The impedance must be low enough to enable the transients to settle
within (0.2/ppck) seconds and to generate leakage-current-induced errors of
<< 1LSB.

15.2.5.2 Analog Multiplexer

The analog multiplexer selects one of eight single-ended input channels, as
determined by the ACTL register bits. Itis based on a T-switch to minimize the
coupling between channels, which corrupts the analog input. Channels that
are not selected are isolated from the ADC and the intermediate node
connected to the analog ground (AGND) so that the stray capacitance is
grounded to eliminate crosstalk.

Figure 15-7. Analog Multiplexer

R U100 Q ACTL.9,10
<> T_'I!* Input

oV

ovVv ovVv
ESD Protection

lov

Crosstalk exists because there is always parasitic coupling capacitance
across and between switches. This can take several forms, such as coupling
from the input to the output of an off switch, or coupling from an off-analog input
channel to the output of an adjacent on output channel, causing errors. Thus,
for high-accuracy conversions, crosstalk interference must be minimized
through shielding and other well-known printed-circuit board (PCB) layout
techniques.

15.2.6 A/D Grounding and Noise Considerations

15-10

As with any high-resolution converter (= 12 bits), care and special attention
must be given to the printed-circuit board layout and the grounding scheme to
eliminate ground loops and any unwanted parasitic components/effects and
noise. Many common techniques are documented in application notes that
address these issues.

Ground loops can be formed when the ADC12+2 resistor-divider return
current flows through traces that are common to other analog or digital
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circuitry. This current can generate small unwanted offset voltages that can
add to or subtract from the ADC reference or input voltages. One way to avoid
ground loops is to use a star-connection scheme for the AGND; in this way, the
ground or reference currents do not flow through any common input leads,
eliminating any voltage errors (see Figure 15-8).

Figure 15-8. A/D Grounding and Noise Considerations
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The digital ground (DGND) and the analog ground (AGND) can also be star-
connected together. However, if separate supplies are used, two reverse-
biased diodes limit the voltage difference to less than +700 mV (see
Figure 15-8).

Power-supply rippling and noise spikes from digital switching or switching
power supplies can cause conversion errors. Normally, the internal ADC noise
is very small and the total input-referred noise is far less than one LSB, so the
output code is fairly stable. However, as noise couples into the device through
the supply and ground, the noise margin is reduced, and code uncertainty and
jitter can result. Several readings might be required to average out the noise
effects.

Another consequence of noise is that, as one of the reference voltages SV¢cc
or VREF is reduced, the absolute value of the LSB is also reduced. Therefore,
the noise becomes even more dominant. Thus, a clean, noise-free design
becomes even more important to achieve the desired accuracy.

In addition to physical layout techniques, adding carefully-placed bypass
capacitors returned to the respective ground planes helps to stabilize the
supply current and minimize the noise.

ADC12+2 A-to-D Converter 15-11
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15.2.7 A/D Converter Input and Output Pins

15.2.7.1 Input Pins

The following sections describe the various ADC12+2 pins.

There are two different types of input signals: analog signals A0 through A7,
and signals Ispoyrcg and SVcc. The input signals coming from channels A0
to A7 are configurable as ADC analog signals or as digital inputs (see
Figure 15-9). Pin SV ¢ is used as an output or input. It is an input when the
internal SV switch is off and the VREF is applied externally. It is an output

when the internal SV switch is on.

Figure 15-9. ADC12+2 Input Register, Input Enable Register
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15.2.7.2 Output Pins

15.2.7.3 Supply Pins

ADC12+2 Control Registers

There are two different types of output signals: outputs A0, A1, A2, A3, and
output SV c. Current flows out of one of the analog pins A0, A1, A2, A3 if the
current source function is selected. An external resistor between Rext and
SV determines the amount of current. The SV pin outputs a voltage just
below AV when the SV switch is on.

There are four supply pins to split the digital and analog current paths: AV,
DVcce, AgnD: and Dgnp. Some of the MSP430 family members may have all
four supply pins bonded out, while others may have analog and digital Vcc
and/or GND rails internally connected. Check the specific device’s data sheet
for configuration.

15.3 ADC12+2 Control Registers

The four ADC12+2 control registers are described in Table 15-1.

Table 15-1. ADC12+2 Control Registers

Register Short Form  Register Type Address Initial State

Input AIN Read only 0110h -

Input enable  AEN Read/write 0112h Reset

ADC control ACTL Read/write 0114h See Figure 15-13
Reserved 0116h

ADC Data ADAT Read 0118h -——=

15.3.1 Input Register AIN

When any of the inputs A0 to A7 are configured as digital inputs, the digital
values are read from the AIN register.

Input register AIN is a read-only register connected to the 16-bit MDB,;
however, only the register low byte is implemented. MDB.0 to MDB.7
correspond to A0 to A7 as shown in Figure 15-10. The register high byte is
read as 00h.

Figure 15-10. Input Register AIN

MDB. 8

MDB. 15 MDB. 7 MDB. 0

AIN
110h

AIN | AIN | AIN | AIN | AIN | AIN | AIN | AIN

SREEENENERESENY

N .6 5 4 3 2 1 .0
r0 r0 ro r0 ro r0 ro r0 rT rT rT rT rT rT rT rT

A7x  ABx A5x Adx A3x A2x Alx AOx

The signal at the corresponding input is logically ANDed with the applicable
enable signal (see Figure 15-9). Unselected (disabled) bits are read as 0.

ADC12+2 A-to-D Converter 15-13
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15.3.2 Input Enable Register AEN

Input enable register AEN, shown in Figure 15-11, is a read/write register
connected to the 16-bit MDB; however, only the register low byte is
implemented. MDB.0 to MDB.7 correspond to A0 to A7. The register high byte
is read as 00h.

Figure 15—11.Input Enable Register AEN

MDB. 8
MDB. 15 MDB. 7 MDB. 0
AIN
0 0 0 0 0 0 0 o |AIN AN AN/AN/AINAIN[ANf AN
112h 7 .6 5 4 .3 2 A .0

ro r0 r0 r0 r0 r0 r0 0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0

The input enable register bits control the definition of the individual bit:
AEN.x =0: Analog input. The bit read while accessing the AIN register is 0.

AEN.x =1: Digital input. The bit read while accessing the AIN register

represents the logic level at the applicable pin.

The initial state of all AEN bits is reset.

15.3.3 ADC12+2 Data Register ADAT

The ADC data register (ADAT), shown in Figure 15-12, holds the result of the
analog-to-digital conversion. The register data at the end of a conversion are
correct until another conversion begins by setting the SOC bit.

Figure 15-12. ADC12+2 Data Register ADAT
MDB. 15 MDB. 0

I A A

ADAT B
0118h ACTL.11=0
r0 ro r0 r0 r r r r r r r r r r r r
MDB. 15 MDB. 0
ADAT _
0118h 0 0 |RAL | RAO |[MSB LSB | ACTL.11=1

r0 ro

15-14

r r r r r r r r r r r r r r
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15.3.4 ADC12+2 Control Register ACTL

The ADC12+2 control register (ACTL) is illustrated in Figure 15-13.

Figure 15-13. ADC12+2 Control Register ACTL

MDB. 15

ACTL 3 i I

MDB. 0

I SR A

0114h ADclLK

Range Select Currem Source AD Input Select Vref
| | | | | | |

r0 rw-0  rw-0

Bit O:

Bit 1:

Bits 2-5:

Table 15-2.A/D Input Selection

rw-1 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 (w)r-0

Start of conversion
Setting this bit starts the ADC conversion. It is automatically reset.

Source of VREF

ACTL.1=0: Switch SV is off. The ADC reference voltage
must be supplied from an external source.

ACTL.1=1: Switch SVccison. The SV pinis connected to
Vcc internally and configured as an output. The
ADC reference voltage must not be supplied from
an external source.

A/D input selection

These bits select the channel for conversion as described in
Table 15-2. Channels should be changed only after completing a
conversion. Changing the channel while a conversion is active
invalidates the conversion in progress.

ACTL.5 ACTL.4 ACTL.3 ACTL.2 Channel
0 0 0 0 A0
0 0 0 1 Al
0 0 1 0 A2
0 0 1 1 A3
0 1 0 0 A4
0 1 0 1 A5
0 1 1 0 A6
0 1 1 1 A7
1 X X X NONE

Bits 6-8: A/D current source output selection

These bits select the channel for current source output as
described in Table 15-3. Channels should be changed only after
completing a conversion. Changing the channel while a conversion
is active invalidates the conversion in progress.
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Table 15-3.A/D Current Source Selection

ACTL.8 ACTL.7 ACTL.6 Channel
0 0 0 A0
0 0 1 Al
0 1 0 A2
0 1 1 A3
1 X X NONE

Bits9-11:

Table 15-4. Range Selection

Range selection

These bits select the range for 12-bit mode conversion as
described in Table 15-4. They must not be changed after a
conversion starts. Any manipulation of these bits during
conversion results in incorrect conversion data. Their states are
ignored when 12+2-bit mode is selected.

ACTL.11 ACTL.10 ACTL.9 Range
0 0 0 A
0 0 1 B
0 1 0 C
0 1 1 D
1 X X Auto
Bit 11: Conversion mode

ACTL.11 =0: 12-bit mode selected. The range selection bits
ACTL.9 and ACTL.10 must be used for manual
range selection.

ACTL.11=1: 12+2-bit mode selected. The automatic range
selection is active. The state of the range
selection bits ACTL.9 and ACTL.10is don't care.

Bit 12: Power down (Pd)

ACTL.12=0: ADC12+2 is powered. Note, the ADC12+2
needs about 6 ps to stabilize after bit Pd is reset.

ACTL.12=1: SV switch is off.

Comparator is powered down.
Current source is off.
Bit 13, 14: ADCLK

The ADC12+2 clock is selected as described in Table 15-5.

Table 15-5.ADCLK Clock Frequency

15-16

Bit 15:

ACTL.14 ACTL.13 ADCLK

0 0 MCLK

0 1 MCLK/2

1 0 MCLK/3

1 1 MCLK/4
Reserved



Peripheral File Map

This appendix summarizes the MSP430x3xx peripheral file (PF) and control-
bit information into a single location for reference.

Each PFregister is presented as a row of boxes containing the control or status
bits belonging to the register. The register symbol (e.g. POIN) and the PF hex
address are to the left of each register.
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Overview

A.1 Overview

Bit accessibility and/or hardware definitions are indicated following each bit
symbol:

a

Iy Iy I N I

[ T Ny

rw:
r:
ro:
rl:
wW:
woO:

wil:

(w):

hO:

h1:
-0,-1:
—(0).—~(1):

Read/write
Read only
Read as 0
Read as 1
Write only
Write as 0
Write as 1

No register bit implemented; writing a 1 results in a
pulse. The register bit is always read as 0.

Cleared by hardware
Set by hardware
Condition after PUC signal active

Condition after POR signal active

The tables in the following sections describe byte access to each peripheral
file according to the previously-described definitions.

A.2 Special Function Register of MSP430x3xx Family, Byte Access

000Fh

Module enable 2, ME2
0005h

Module enable 1, ME1
0004h

Interrupt flag 2, IFG2
0003h

Interrupt flag 1, IFG1
0002h

Interrupt enable 2, IE2
0001h

Interrupt enable 1, IE1
0000h

T ADIE — ADC12+2 interrupt enable (32x devices)
TPIE — Timer/Port interrupt enable (31x devices)

URXE
UTXE USPIIE
rw-0
rw-0
BTIFG ADIFG UTXIFG URXIFG
w rw-0 rw-0 rw-0
NMIIFG POIFG.1 POIFG.0 OFIFG WDTIFG
rw-0 rw-0 rw-0 rw-1 rw-0
BTIE TPIEF ADIET UTXIE URXIE
TPIET
rw-0 rw-0 rw-0 rw-0
rw-0
POIE.1 POIE.O OFIE WDTIE
rw-0 rw-0 rw-0 rw-0

¥ TPIE - Timer/Port interrupt enable (32x, 33x devices)
Note:  SFR bits are not implemented on devices without the corresponding peripheral.
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Digital I/O, Byte Access

A.3 Digital 1/0, Byte Access

Bit # - 7 6 5 4 3 2 1 0
Function select, PASEL | PASEL.7 | PASEL.6 | PASEL.5 | P4SEL.4 | PASEL.3 | PASEL.2 | PASEL.1 | P4ASEL.O
001Fh rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Direction register, PADIR | P4ADIR.7 | P4DIR.6 | PADIR.5 | P4DIR.4 | PADIR.3 | PADIR.2 | P4DIR.1 | P4DIR.O
001Eh rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Output register, PAOUT | PAOUT.7 | PAOUT.6 | PAOUT.5 | PAOUT.4 | PAOUT.3 | PAOUT.2 | PAOUT.1 | P4AOUT.0
001Dh rw w rw w rw w rw w
Input register, P4IN | P4IN.7 P4IN.6 P4IN.5 P4IN.4 P4IN.3 P4IN.2 P4IN.1 P4IN.O
001Ch r r r r r r r r
Function select, P3SEL | P3SEL.7 | P3SEL.6 | P3SEL.5 | P3SEL.4 | P3SEL.3 | P3SEL.2 | P3SEL.1 | P3SEL.O
001Bh rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Direction register, P3DIR | P3DIR.7 | P3DIR.6 | P3DIR.5 | P3DIR.4 | P3DIR.3 | P3DIR.2 | P3DIR.1 | P3DIR.O
001Ah rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Output register, P3OUT | P3OUT.7 | P3OUT.6 | P3OUT.5 | P3OUT.4 | P3OUT.3 | P3OUT.2 | P3OUT.1 | P3OUT.0
0019h rw w rw w rw w rw w
Input register, P3IN | P3IN.7 P3IN.6 P3IN.5 P3IN.4 P3IN.3 P3IN.2 P3IN.1 P3IN.O
0018h r r r r r r r r
0017h
0016h
Interrupt enable, POIE | POIE.7 POIE.6 POIE.5 POIE.4 POIE.3 POIE.2 t T
0015h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 r0 r0
Interrupt edge select, POIES | POIES.7 | POIES.6 | POIES.5 | POIES.4 | POIES.3 | POIES.2 | POIES.1 | POIES.O
0014h rw rw rw rw rw rw rw rw
Interrupt flags, POIFG | POIFG.7 | POIFG.6 | POIFG.5 | POIFG.4 | POIFG.3 | POIFG.2 t T
0013h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 r0 r0
Direction register, PODIR | PODIR.7 | PODIR.6 | PODIR.5 | PODIR.4 | PODIR.3 | PODIR.2 | PODIR.1 | PODIR.O
0012h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Output register, POOUT | POOUT.7 | POOUT.6 | POOUT.5 | POOUT.4 | POOUT.3 | POOUT.2 | POOUT.1 | POOUT.0
0011h w w rw w rw w rw w
Input register, POIN | POIN.7 POIN.6 POIN.5 POIN.4 POIN.3 POIN.2 POIN.1 POIN.O
0010h r r r r r r r r
T These interrupt enable bits and flags are included in the SFR frame.
Peripheral File Map A-3



Digital I/O, Byte Access (Continued)

A.3 Digital I/0, Byte Access (Continued)

Bit # -

002Fh

Function select, P2SEL
002Eh

Interrupt enable, P2IE
002Dh

Interrupt edge select, P2IES
002Ch

Interrupt flags, P2IFG
002Bh

Direction register, P2DIR
002Ah

Output register, P20UT
0029h

Input register, P2IN
0028h

0027h

Function select, PISEL
0026h

Interrupt enable, P1IE
0025h

Interrupt edge select, P1IES
0024h

Interrupt flags, P1IFG
0023h

Direction register, P1DIR
0022h

Output register, PLOUT
0021h

Input register, P1IN
0020h

A-4

7 6 5 4 3 2 1 0
P2SEL.7 | P2SEL.6 | P2SEL.5 | P2SEL.4 | P2SEL.3 | P2SEL.2 | P2SEL.1 | P2SEL.0
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P2IE.7 P2IE.6 P2IE.5 P2IE.4 P2IE.3 P2IE.2 P2IE.1 P2IE.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P2IES.7 | P2IES.6 | P2IES.5 | P2IES.4 | P2IES.3 | P2IES.2 | P2IES.1 | P2IES.O0
rw w w w w rw w rw
P2IFG.7 | P2IFG.6 | P2IFG.5 | P2IFG.4 | P2IFG.3 | P2IFG.2 | P2IFG.1 | P2IFG.0
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P2DIR.7 | P2DIR.6 | P2DIR.5 | P2DIR.4 | P2DIR.3 | P2DIR.2 | P2DIR.1 | P2DIR.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P20OUT.7 | P20UT.6 | P20UT.5 | P20UT.4 | P20UT.3 | P20UT.2 | P20UT.1 | P20OUT.0
rw w w w w rw w rw
P2IN.7 P2IN.6 P2IN.5 P2IN.4 P2IN.3 P2IN.2 P2IN.1 P2IN.O
r r r r r r r r
P1SEL.7 | PISEL.6 | P1SEL.5 | PAISEL.4 | P1SEL.3 | PISEL.2 | P1SEL.1 | P1SEL.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
PlIE.7 P1IE.6 P1IE.5 PlIE.4 P1IE.3 P1lIE.2 PlIE.1 P1IE.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P1lIES.7 | P1IES.6 | P1IES.5 | P1IES.4 | P1IES.3 | P1lIES.2 | P1lIES.1 | P1lIES.O0
rw w w w w rw w rw
P1IFG.7 | P1IFG.6 | P1IFG.5 | P1IFG.4 | P1IFG.3 | P1IFG.2 | P1IFG.1 | P1lIFG.0
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P1DIR.7 | PIDIR.6 | P1DIR.5 | P1DIR.4 | P1DIR.3 | P1DIR.2 | P1DIR.1 | P1DIR.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
P10OUT.7 | P1LOUT.6 | P1OUT.5 | PLOUT.4 | P1IOUT.3 | PIOUT.2 | P1OUT.1 | P1LOUT.O0
rw w w w w rw w rw
P1IN.7 P1IN.6 P1IN.5 P1IN.4 P1IN.3 P1IN.2 P1IN.1 P1IN.O

r

r

r

r

r

r

r

r




A.4 LCD Registers, Byte Access

Bit # —

LCD memory 15
003Fh

LCD memory 14
003Eh

LCD memory 13
003Dh

LCD memory 12
003Ch

LCD memory 11
003Bh

LCD memory 10
003Ah

LCD memory 9
0039h

LCD memory 8
0038h

LCD memory 7
0037h

LCD memory 6
0036h

LCD memory 5
0035h

LCD memory 4
0034h

LCD memory 3
0033h

LCD memory 2
0032h

LCD memory 1
0031h

LCD control & mode, LCDC

Note:

0030h

LCD Registers, Byte Access

7 6 5 4 3 2 1 0
S29C3 S29C2 S29C1 S29C0 S28C3 S28C2 S28C1 S28C0
rw rw rw rw rw rw rw rw
S27C3 S27C2 S27C1 S27C0 S26C3 S26C2 S26C1 S26C0
rw rw rw rw rw rw rw rw
S25C3 S25C2 S25C1 S25C0 S24C3 S24C2 S24C1 S24C0
rw rw rw rw rw rw rw rw
S23C3 S23C2 S23C1 S23C0 S22C3 S22C2 S22C1 S22C0
rw rw rw rw rw rw rw rw
S21C3 S21C2 S21C1 S21CO0 S20C3 S20C2 S20C1 S20C0
rw rw rw rw rw rw rw rw
S19C3 S19C2 S19C1 S19CO0 S18C3 S18C2 S18C1 S18CO0
rw w rw w rw rw rw rw
S17C3 S17C2 S17C1 S17CO0 S16C3 S16C2 S16C1 S16C0
rw rw rw rw rw rw rw rw
S15C3 S15C2 S15C1 S15C0 S14C3 S14C2 S14C1 S14C0
rw w rw w rw rw rw rw
S13C3 S13C2 S13C1 S13CO0 S12C3 S12C2 S12C1 S12CO0
rw w rw w rw w rw w
S11C3 S11C2 S11C1 S11C0 S10C3 S10C2 S10C1 S10C0
rw w rw rw rw rw rw rw
S9C3 S9C2 S9C1 S9CO0 S8C3 S8C2 S8C1 S8CO0
rw w rw w rw w rw w
S7C3 S7C2 S7C1 S7CO0 S6C3 S6C2 S6C1 S6CO0
rw w rw rw rw rw rw rw
S5C3 S5C2 S5C1 S5CO0 S4C3 S4C2 S4C1 S4C0
rw w rw w rw rw rw rw
S3C3 S3C2 S3C1 S3C0 S2C3 S2C2 S2C1 S2C0
rw w rw w rw rw rw rw
S1C3 S1C2 SiC1 S1CO0 S0C3 S0C2 S0C1 S0COo
rw w rw w rw rw rw rw
LCDM7 | LCDM6 | LCDM5 | LCDM4 | LCDM3 | LCDM2 | LCDM1 | LCDMO
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0

Peripheral File Map

The LCD memory bits are named with the MSP430 convention. The first part of the bit name indicates the corresponding
segment line and the second indicates the corresponding common line.
Example for a segment using S4 and Com3: S4C3
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8-Bit Timer/Counter, Basic Timer, Timer/Port, Byte Access

A.5 8-Bit Timer/Counter, Basic Timer, Timer/Port, Byte Access

Bit # — 7 6 5 4 3 2 1 0
Timer/Port enable rTeF?E TPsseL3 | TPsseL2 | TPEs | TPE4 | TPE3 | TPE2 | TPE1 | TPEO
04Fh rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Timer/Port data reg., TPD B16 CPON TPD.5 TPD.4 TPD.3 TPD.2 TPD.1 TPD.O
04Eh rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Timer/Port counterl
; 7 6 5 4 3 2 1 0
TPCNTS 2 2 2 2 2 2 2 2
04Dh rw rw rw rw w rw rw rw
Timer/Port counterl
; 7 6 5 4 3 2 1 0
TPCNTA 2 2 2 2 2 2 2 2
04Ch rw rw rw rw w w rw rw
Timer/Port control reg., | toqar 1 [ Tpssero | Ene ENA EN1 RC2FG | RCIFG | ENIFG
TPCTL
04Bh rw-0 rw-0 rw-0 rw-0 r-0 rw-0 rw-0 rw-0
Counter data, 8-Bit 7 6 5 4 3 2 1 0
Basic Timer, BTCNT2 2 2 2 2 2 2 2 2
0047h rw rw rw rw w rw rw rw
Counter data, 8-Bit 7 6 5 4 3 2 1 0
Basic Timer, BTCNT1 2 2 2 2 2 2 2 2
0046h rw rw rw rw rw rw rw rw
0045h
Counter data, 8-Bit
Timer/Counter, TCDAT | TCDAT.7 | TCDAT6 | TCDAT.5 | TCDAT.4 | TCDAT.3 | TCDAT.2 | TCDAT.1 | TCDAT.0
0044h rw rw rw rw w rw rw rw
Preload register, 8-Bit | 1op b 7 | tcpips | TepLDs | TePLD.4 | TePLD.3 | TepLD.2 | TepLD.a | TepLD.O
Timer/Counter, TCPLD ) ) : ' ) ) ) )
0043h rw w rw 'w w w w w
Control register, 8-Bit | oop) 1 | sseio | 1scte | txen | enent | rxacT | TxD RXD
Timer/Counter, TCCTL
0042h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 r(-1)
0041h
Basic Timer, BTCTL | SSEL Hold DIV FRFQ1 | FRFQO IP2 IP1 IPO
0040h w rw w rw w w w w
A.6 FLL Registers, Byte Access
Bit # — 6 5 4 3 2 1 0
Frequency control, SCFQCTL 26 25 24 23 22 21 20
0052h rw-0 rw-0 rw-0 rw-1 rw-1 rw-1 rw-1 rw-1
Frequency integrator, SCFI1 29 28 27 26 25 24 23 22
0051h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Frequency integrator, SCFIO 0 0 FN_4 FN_3 FN_2 21 20
0050h r r rw-0 rw-0 rw-0 rw-0 rw-0
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EPROM Control Register and Crystal Buffer, Byte Access

A.7 EPROM Control Register and Crystal Buffer, Byte Access

Bit # — 7 6 5 4 3 2 1 0
EPROM control register
EPCTL| ro -0 -0 r-0 -0 r-0 VPPS EXE
0054h rw-0 rw-0
isterf
Crystal buffer control register ceseL1 | cBsELO CBE
CBCTL
0053h w-(0) w-(0) w-(0)
T NonEPROM devices may use this register for other control purposes.
* Devices without XBUF may use this register for other control purposes.
A.8 USART, UART Mode (Sync=0), Byte Access
Bit # — 7 6 5 4 3 2 1 0
USART 7 6 5 4 3 2 1 0
Transmit buffer UTXBUF 2 2 2 2 2 2 2 2
rw rw rw rw rw rw rw rw
077h
USART 7 6 5 4 3 2 1 0
Receive buffer URXBUF 2 2 2 2 2 2 2 2
076h r r r r r r r r
USART 15 14 13 12 11 10 9 8
Baud rate UBR1 2 2 2 2 2 2 2 2
075h rw w rw rw rw rw w rw
USART 7 6 5 4 3 2 1 0
Baud rate UBRO | 2 2 2 2 2 2 2 2
074h rw w rw rw rw rw rw rw
USART
Modulation control m7 m6 m>5 m4 m3 m2 ml mo
UMCTL 073h rw rw rw rw rw rw rw rw
USART
Receive control URCTL FE PE OE BRK URXEIE | URXWIE | RXWake | RXERR
072h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
USART U d CKPL SSEL1 SSELO URXSE | TXWAKE U d TXEPT
Transmit control UTCTL nuse nuse
071h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-1
USART .
USART control UCTL PENA PEV SP CHAR Listen SYNC MM SWRST
070h rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-1

Peripheral File Map
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USART, SPI Mode (Sync=1), Byte Access

A.9 USART, SPI Mode (Sync=1), Byte Access

Bit # —

USART
Transmit buffer UTXBUF
077h

USART
Receive buffer URXBUF
076h

USART
Baud rate UBR1
075h

USART
Baud rate UBRO
074h

USART
Modulation control
UMCTL 073h

USART
Receive control URCTL
072h

USART
Transmit control UTCTL
071h

USART
USART control UCTL
070h

A-8

7 6 5 4 3 2 1 0
27 26 25 24 23 22 21 20
rw rw rw rw rw rw rw rw
27 26 25 24 23 22 21 20
r r r r r r r r
215 214 213 212 211 210 29 28
rw rw rw rw rw rw rw rw
27 26 25 24 23 22 21 20
rw rw rw rw rw rw rw rw
m7 m6 m5 m4 m3 m2 ml mO
rw rw rw rw rw rw rw rw
FE Undef. OE Undef. Unused Unused Undef. Undef.
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
CKPH CKPL SSEL1 SSELO Unused Unused STC TXEPT
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-1
Unused Unused Unused CHAR Listen SYNC MM SWRST
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-1




ADC12+2, Word Access

A.10 ADC12+2, Word Access

Bit # — 15 14 13 12 11 10 9 8
11Fh

ADC12+2,
Data register ADAT r0 r0
118h

Reserved
116h

ADC12+2,
Control register ACTL
114h

ADC12+2,
Input enable register AEN r0 ro r0 ro ro ro r0 ro
112h

ADC12+2,
Input data register AIN r0 ro r0 ro ro ro r0 ro
110h

r1t rot 211 210 29 28
r0 r0 r r r r

ACTL.15 | ACTL.14 | ACTL.13 | ACTL.12 | ACTL.11 | ACTL.10 ACTL.9 ACTL.8
r0 rw-0 rw-0 rw-1 rw-0 rw-0 rw-0 rw-0

T The bits ADAT.12 and ADAT.13 are read as 0 when ACTL.11 = 0; otherwise, signals RO and R1 are read.

Bit # — 7 6 5 4 3 2 1 0
11Eh

ADC12+2

: 7 6 5 4 3 2 1 5

Data register ADAT 2 2 2 2 2 2 2 2
118h

Reserved
116h

ADC12+2,
Control register ACTL
114h

ADC12+2,
Input enable register AEN
112h

ADC12+2,
Input data register AIN
110h

ACTL.7 | ACTL.6 | ACTL5 | ACTL4 | ACTL.3 | ACTL.2 ACTL.1 | ACTL.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 (w)ro

AEN.7 AEN.6 AEN.5 AEN.4 AEN.3 AEN.2 AEN.1 AEN.O
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0

AIN.7 AIN.6 AIN.5 AIN.4 AIN.3 AIN.2 AIN.1 AIN.O

Peripheral File Map A-9



Watchdog/Timer, Word Access

A.11 Watchdog/Timer, Word Access

Bit # — 15 8
Watchdog Timer, | < Read as 069h >
Control register WDTCTL | < Written as 05Ah >
120h
Bit # — 7 6 5 4 3 2 1 0
Watchdog Timer, |y iy | nmiES NMI | TMSEL | cNTCL | SSEL IS1 IS0
Control register WDTCTL
120h rw-0 rw-0 rw-0 rw-0 (w),r0 rw-0 rw-0 rw-0

A.12 Hardware Multiplier, Word Access

Bit # — 15 14 13 12 11 10 9 8

Sum extend, SumExt t t t t t T t t
013Eh r r r r r r r r

Result-high word ResHI 215 214 213 212 211 210 29 28
013Ch w rw w rw rw rw w w

Result-low word ResLO 215 214 213 212 211 210 29 28
013Ah w rw rw rw rw rw rw w

Second operand OP2 | 215 214 213 212 211 210 29 28
0138h w rw w rw rw rw w w

MPYS+ACC MACS | 215 214 213 212 211 210 29 28
0136h w rw w rw rw rw w w

MPY+ACC MAC | 215 214 213 212 211 210 29 28

0134h rw rw rw rw rw rw rw rw

Multiply signed MPYS 215 214 213 212 211 210 29 28
0132h w rw w rw rw rw w w

Multiply unsigned MPY | 215 214 213 212 211 210 29 28
0130h w rw w rw rw rw w w

Bit # — 7 6 5 4 3 2 1 0

Sum extend, SumExt t t t t t t t t
013Eh r r r r r r r r

Result-high word ResHI 27 26 25 24 23 22 21 20
013Ch w rw w rw rw rw rw w

Result-low word ResLO 27 26 25 24 23 22 21 20
013Ah w rw w rw rw rw w w

Second operand OP2 27 26 25 24 23 22 21 20
0138h w rw w rw rw rw w w

MPYS+ACC MACS 27 26 25 24 23 22 21 20
0136h w rw w rw rw rw w w

MPY+ACC MAC 27 26 25 24 23 22 21 20

0134h w rw w rw rw rw rw w

Multiply signed MPYS 27 26 25 24 23 22 21 20
0132h w rw rw rw rw rw rw w

Multiply unsigned MPY 27 26 25 24 23 22 21 20
0130h w rw rw rw rw rw rw w

T The Sum Extend register SumExt holds a 16x16-bit multiplication (MPYS) sign result, or the overflow of the multiply and accu-
mulate (MAC) operation, or the sign of the signed multiply and accumulate (MACS) operation. Overflow and underflow of the
MACS operation must be handled by software.
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Timer_A Registers, Word Access

A.13 Timer_A Registers, Word Access

Bit # — 15 14 13 12 11 10 9 8
017Eh
017Ch
Caplcom register CCR4T | 215 214 213 212 211 210 29 28
017Ah | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Cap/com register CCR3T | 215 214 213 212 211 210 29 28
0178h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Capl/com register CCR2 | 215 214 213 212 211 210 29 28
0176h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Capl/com register CCR1 | 215 214 213 212 211 210 29 28
0174h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Cap/com register CCRO | 215 214 213 212 211 210 29 28
0172h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Timer_A register TAR | 215 214 213 212 211 210 29 28
0170h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
016Eh
016Ch
Cap/com control CCTL4T, | cm41 CM40 CCIS41 | CCIs40 SCs4 SCCl4 Unused CAP4
016Ah | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r0 rw-(0)
Cap/com control CCTL3T, | cm31 CM30 CCIS31 | CCIS30 SCS3 SCCI3 Unused CAP3
0168h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r0 rw-(0)
Cap/com control CCTL2, | CM21 CM20 CCIs21 | CCIS20 SCS2 SCCI2 Unused CAP2
0166h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r0 rw-(0)
Cap/com control CCTL1, | CM11 CM10 CCIS11 | CCiIs10 SCS1 SCCI1 Unused CAP1
0164h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r0 rw-(0)
Cap/com control CCTLO, | CMO01 CMO00 CCIS01 | CCIS00 SCS0 SCCIo Unused CAPO
0162h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r0 rw-(0)
Timer_A control TACTL | Unused | Unused Unused Unused Unused SSEL2 SSEL1 SSELO
0160h | rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)

1 Registers are reserved on devices with Timer_A3.

Peripheral File Map A-11



Timer_A Registers, Word Access (Continued)

A.13 Timer_A Registers, Word Access (Continued)

Bit # — 7 6 5 4 3 2 1 0
017Eh
017Ch
Cap/com register CCR4T 27 26 25 24 23 22 21 20
017Ah rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Cap/com register CCR3" 27 26 25 24 23 22 21 20
0178h rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Capl/com register CCR2 27 26 25 24 23 22 21 20
0176h rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Cap/com register CCR1 27 26 25 24 23 22 21 20
0174h rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Cap/com register CCRO 27 26 25 24 23 22 21 20
0172h rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
Timer_A register TAR 27 26 25 24 23 22 21 20
0170h rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)
016Eh
016Ch
Cap/com control CCTL4T, | ©OutMod42 | OutModdl | OutModd0 | CCIE4 cCl4 ouT4 COV4 | CCIFG4
016Ah rw-(0) rw-(0) rw-(0) rw-(0) r rw-(0) rw-(0) rw-(0)
Cap/com control CCTL3T, | OutMod32 | OutMod3l | OutMod30 | CCIE3 CCI3 OouT3 COV3 | CCIFG3
0168h rw-(0) rw-(0) rw-(0) rw-(0) r rw-(0) rw-(0) rw-(0)
Cap/com control CCTL2, | OutMod22 | OutMod2l | OutMod20 [ CCIE2 CCI2 ouT2 COV2 | CCIFG2
0166h rw-(0) rw-(0) rw-(0) rw-(0) r rw-(0) rw-(0) rw-(0)
Cap/com control CCTL1, | OutMod12 | OutModll | OutMod10 [ CCIEL cci OUT1 COV1 | CCIFG1
0164h rw-(0) rw-(0) rw-(0) rw-(0) r rw-(0) rw-(0) rw-(0)
Cap/com control CCTLO, | OutMod0Z | OutModOl | OutMod00 | CCIEQ CClo ouTOo COV0 | CCIFGO
0162h rw-(0) rw-(0) rw-(0) rw-(0) r rw-(0) rw-(0) rw-(0)
Timer_A control TACTL ID1 IDO MC1 MCO Unused CLR TAIE TAIFG
0160h rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0)

T Registers are reserved on devices with Timer_A3.

Bit # — 15 14 13 12 11 10
Timer_A interrupt vector 0 0 0 0 0 0 0 0
TAIV 12Eh ro ro ro ro r0 r0 ro r0
Bit # — 7 6 5 4 3 2 1 0
Timer_A interrupt vector 0 0 0 0 TAIV 0
TAIV 12Eh r0 ro r0 ro r-(0) r-(0) r-(0) r0

TAIV Vector, Timer_A5 (five capture/compare blocks integrated)
0: No interrupt pending
2: CCIFGL1 flag set, interrupt flag of capture/compare block 1
4: CCIFG2 flag set, interrupt flag of capture/compare block 2 (CCIFG1=0)
6: CCIFG3 flag set, interrupt flag of capture/compare block 3 (CCIFG1=CCIFG2=0)
8: CCIFG3 flag set, interrupt flag of capture/compare block 3 (CCIFG1=CCIFG2=CCIFG3=0)
10: TAIFG flag set, interrupt flag of Timer_A register/counter (CCIFG1=CCIFG2=CCIFG3=CCIFG4=0)
TAIV Vector, Timer_A3 (three capture/compare blocks integrated)
0: No interrupt pending
2: CCIFGL1 flag set, interrupt flag of capture/compare block 1
4: CCIFG2 flag set, interrupt flag of capture/compare block 2 (CCIFG1=0)
6: Reserved
8: Reserved
10: TAIFG flag set, interrupt flag of Timer_A register/counter (CCIFG1=CCIFG2=CCIFG3=CCIFG4=0)
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Instruction Set Description

The MSP430 core CPU architecture evolved from a reduced instruction set
with highly-transparent instruction formats. Using these formats, core
instructions are implemented into the hardware. Emulated instructions are
also supported by the assembler. Emulated instructions use the core
instructions with the built-in constant generators CG1 and CG2 and/or the
program counter (PC). The core and emulated instructions are described in
detail in this section. The emulated instruction mnemonics are listed with
examples.

Program memory words used by an instruction vary from one to three words,
depending on the combination of addressing modes.

Topic Page
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B.2 Instruction Set Description ... .. B-8
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Instruction Set Overview

B.1 Instruction Set Overview

The following list gives an overview of the instruction set.

Status Bits
VN ZzZC
* ADCI[.W];ADC.B dst dst + C —> dst ok ok
ADD[.W];ADD.B src,dst  src + dst —> dst ok X
ADDC[.W];ADDC.B src,dst src +dst + C —> dst * ok x
AND[.W];AND.B src,dst src .and. dst —> dst 0 * *
BIC[.W];BIC.B src,dst .not.src .and. dst —> dst - - - =
BIS[.W];BIS.B src,dst  src .or. dst —> dst - - - =
BIT[.W];BIT.B src,dst  src .and. dst o * =
* BR dst Branch to ....... - - - =
CALL dst PC+2 —> stack, dst —> PC - - - =
* CLR[.W];CLR.B dst Clear destination - - - =
* CLRC Clear carry bit - - =0
* CLRN Clear negative bit -0 - -
* CLRz Clear zero bit - - 0 -
CMP[.W];CMP.B src,dst dst-—src *okx
* DADC[.W];DADC.B dst dst + C —> dst (decimal) * ok %
DADD[.W];DADD.B src,dst src +dst + C —> dst (decimal) * * *
* DECI[.W];DEC.B dst dst — 1 —> dst ¥k %
* DECD[.W];DECD.B dst dst — 2 —> dst ¥k ok
* DINT Disable interrupt - - - =
* EINT Enable interrupt - - - =
* INC[.WI];INC.B dst Increment destination,
dst +1 —> dst ok X
* INCD[.W];INCD.B  dst Double-Increment destination,
dst+2—>dst ok X
* INV[.W];INV.B dst Invert destination * ok %
JC/JHS Label  Jump to Label if
Carry-bit is set - - - =
JEQ/IZ Label  Jump to Label if
Zero-bit is set - - - =
JGE Label  Jump to Label if
(N.XOR.V)=0 - - - =
JL Label  Jump to Label if
(N.XOR.V)=1 - - - =
JMP Label  Jump to Label unconditionally — - - —
JN Label  Jump to Label if
Negative-bit is set - - = =
JNC/ILO Label  Jump to Label if
Carry-bit is reset - - - =
JNE/INZ Label  Jump to Label if

Zero-bit is reset - - -
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MOV[.W];MOV.B

* NOP
* POP[.W];POP.B

PUSH[.W];PUSH.B
RETI

* RET

* RLA[WJ;RLA.B
* RLC[.W];RLC.B

RRA[.W];RRA.B
RRC[.W];RRC.B

* SBC[.W];SBC.B
* SETC
* SETN
* SETZ

SUB[.W];SUB.B
SUBC[.W];SUBC.B
SWPB

SXT

* TSTL.W];TST.B

XOR[.W];XOR.B

src,dst

dst
src

dst
dst
dst
dst
dst

src,dst
src,dst
dst
dst
dst
src,dst

Instruction Set Overview

Status Bits

src —> dst

No operation

Item from stack, SP+2 - SP
SP-2 - SP,src - @SP
Return from interrupt

TOS - SR,SP+2 - SP
TOS - PC,SP +2 - SZP
Return from subroutine

TOS - PC,SP+2 - SP
Rotate left arithmetically
Rotate left through carry
MSB - MSB - ....LSB - C
C -5 MSB - ......... LSB - C
Subtract carry from destination
Set carry bit

Set negative bit

Set zero bit

dst + .not.src + 1 - dst

dst + .not.src + C - dst
swap bytes

Bit7 - Bit8 ........ Bit15

Test destination

src .xor. dst — dst

\Y,

* O O |

*

[

*

Note: Asterisked Instructions

Asterisked (*) instructions are emulated. They are replaced with core
instructions by the assembler.

Instruction Set Description
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B.1.1

B.1.1.1 Double-Operand Instructions

Instruction Formats

The following sections describe the instruction formats.

(Core Instructions)

The instruction format using double operands, as shown in Figure B-1,
consists of four main fields to form a 16-bit code:

[0 operational code field, four bits [op-code]

[ source field, six bits

[source register + As]

(1 byte operation identifier, one bit [BW]
[] destination field, five bits

[dest. register + Ad]

The source field is composed of two addressing bits and a four-bit register
number (0....15). The destination field is composed of one addressing bit and
a four-bit register number (0....15). The byte identifier B/W indicates whether
the instruction is executed as a byte (B/W = 1) or as a word instruction

(BIW = 0).

Figure B—1. Double-Operand Instructions
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15

12 11 8 7

5 4 3

OP-Code

Source Register | Ad B/W

As Destination Register

| Field

Operational Code

ADD[.W]; ADD.B
ADDC[.W]; ADDC.B
AND[.W]; AND.B
BICLW]; BIC.B
BISLW]; BIS.B
BITLW]; BITB
CMP[LW]; CMP.B
DADD[.W]; DADD.B
MOV[.W]; MOV.B
SUBL.W]; SUB.B
SUBC[.W]; SUBC.B
XOR[.W]; XOR.B

src,dst
src,dst
src,dst
src,dst
src,dst
src,dst
src,dst
src,dst
src,dst
src,dst
src,dst
src,dst

src + dst —> dst

src + dst + C —> dst

src .and. dst —> dst
.not.src .and. dst —> dst
src .or. dst —> dst

src .and. dst

dst — src

src + dst + C —> dst (dec)
src —> dst

dst + .not.src + 1 —> dst
dst + .not.src + C —> dst
src .xor. dst —> dst

Status Bits
V N ZC
* * * *
* * * *
0 * * *
0 * * *
* * * *
* * * *
* * * *
* * * *
* * * *

Note: Operations Using the Status Register (SR) for Destination

All operations using Status Register SR for destination overwrite the SR
contents with the operation result; as described in that operation, the status

bits are not affected.
Example: ADD #3,SR

; Operation: (SR) + 3 —> SR
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B.1.1.2 Single Operand Instructions  (Core Instructions)

The instruction format using a single operand, as shown in Figure B-2,
consists of two main fields to form a 16-bit code:

[ operational code field, nine bits with four MSBs equal to 1h
[ byte operation identifier, one bit  [B/W]
[ destination field, six bits [destination register + Ad]

The destination field is composed of two addressing bits and the four-bit
register number (0....15). The destination field bit position is the same as that
of the two operand instructions. The byte identifier (B/W) indicates whether the
instruction is executed as a byte (B/W = 1) or as a word (B/W = 0).

Figure B-2. Single-Operand Instructions

15

12 11 10 9 7 6 5 4 3 0

1 X X X X X |B/W Ad |Destination Register

Operational Code Field \ Destination Field \

Status Bits

V N zZzC
RRA[W]; RRAB dst MSB - MSB ..LSB - C o * * *
RRC[.W]; RRC.B dst C - MSB ........ LSB - C ok
PUSH[.W]; PUSH.B dst SP-2 - SP,src - @SP - - - -
SWPB dst  swap bytes - - - =
CALL dst PC-2+ @SP, dst -~ PC - - - -
RETI dst TOS - SR,SP+2 - SP ok

TOS - PC,SP+2 - SP

SXT dst Bit7 - Bit8........ Bit 15 o * * =

B.1.2 Conditional and Unconditional Jumps (Core Instructions)

The instruction format for conditional and unconditional jumps, as shown in
Figure B—3, consists of two main fields to form a 16-bit code:

[ operational code (op-code) field, six bits
1 jump offset field, ten bits

The operational-code field is composed of the op-code ( three bits), and three
bits according to the following conditions.

Figure B—3. Conditional and Unconditional Jump Instructions

15 13 12 10 9 0
0O 0 1 X X X X X X X X X X X X X
T T
| OP-Code | Jump-On Code‘ Sign | Offset |
Operational Code Field Jump Offset Field

Conditional jumps jump to addresses in the range of —511 to +512 words
relative to the current address. The assembler computes the signed offsets
and inserts them into the op-code.

Instruction Set Description B-5
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JC/IHS Label Jump to label if carry bit is set
JEQNIZ Label Jump to label if zero bit is set
JGE Label Jump to label if (N .XOR. V) =0
JL Label Jump to label if (N .XOR. V) =1
JMP Label Jump to label unconditionally

JN Label Jump to label if negative bit is set
JNC/ILO Label Jump to label if carry bit is reset
JNE/INZ Label Jump to label if zero bit is reset

Note: Conditional and Unconditional Jumps

Conditional and unconditional jumps do not affect the status bits.

A jump that is taken alters the PC with the offset:
PCnew = PCold + 2 + 2*offset

A jump that is not taken continues the program with the ascending instruction.

B.1.3 Emulated Instructions

The following instructions can be emulated with the reduced instruction set
without additional code words. The assembler accepts the emulated
instruction mnemonic, and inserts the applicable core instruction op-code.

B-6
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The following list describes the emulated instruction short form.

Mnemonic Description Status Bits Emulation
VN Z C

Arithmetical instructions

ADC[.W] dst Add carry to destination *oxook % ADDC #0,dst
ADC.B dst Add carry to destination *oxook % ADDC.B #0,dst
DADC[.W] dst Add carry decimal to destination * * * * DADD #0,dst
DADC.B dst Add carry decimal to destination * * * * DADD.B #0,dst
DEC[.W] dst Decrement destination *oxook % SUB #1,dst
DEC.B dst Decrement destination *okok ok SUB.B #1,dst
DECD[.W] dst Double-decrement destination *oxook % SUB #2,dst
DECD.B dst Double-decrement destination *okok ok SUB.B #2,dst
INC[.W] dst Increment destination *oxok % ADD #1,dst
INC.B dst Increment destination ok ok k ADD.B #1,dst
INCD[.W]  dst Increment destination *oxok % ADD #2,dst
INCD.B dst Increment destination ok ko ADD.B #2,dst
SBC[.W] dst Subtract carry from destination *oxok o SUBC #0,dst
SBC.B dst Subtract carry from destination *oxok o SUBC.B #0,dst

Logical instructions

INV[.W] dst Invert destination *oxok % XOR #OFFFFh,dst
INV.B dst Invert destination ok ko k XOR.B #0FFFFh,dst
RLA[.W] dst Rotate left arithmetically *oxook o ADD dst,dst
RLA.B dst Rotate left arithmetically *oxook % ADD.B dst,dst
RLC[.W] dst Rotate left through carry *oxook ok ADDC dst,dst
RLC.B dst Rotate left through carry *oxook % ADDC.B dst,dst

Data instructions (common use)

CLR[.W] Clear destination - - - - MOV #0,dst
CLR.B Clear destination - - - = MOV.B #0,dst
CLRC Clear carry bit - - =20 BIC #1,SR
CLRN Clear negative bit -0 - - BIC #4,SR
CLRZ Clear zero bit - - 0 - BIC #2,SR
POP dst Item from stack - - - - MOV @SP+,dst
SETC Set carry bit - - -1 BIS #1,SR
SETN Set negative bit -1 - BIS #4,SR
SETZ Set zero bit - - BIS #2,SR
TSTL.W] dst Test destination o * * 1 CMP #0,dst
TST.B dst Test destination o * * 1 CMP.B #0,dst

Program flow instructions

BR dst Branch to ....... - - - = MOV dst,PC
DINT Disable interrupt - - - - BIC #8,SR
EINT Enable interrupt - - - = BIS #8,SR
NOP No operation - - - = MOV #0h,#0h
RET Return from subroutine - - - - MOV @SP+,PC
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B.2 Instruction Set Description

This section catalogues and describes all core and emulated instructions in
alphabetical order. Some examples serve as explanations and others as
application hints.

The suffix .W or no suffix in the instruction mnemonic results in a word
operation.

The suffix .B at the instruction mnemonic results in a byte operation.
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ADCI[.W]
ADC.B
Syntax

Operation

Emulation

Description

Status Bits

Mode Bits

Example

Example

Instruction Set Overview

Add carry to destination
Add carry to destination

ADC dst or ADC.W dst
ADC.B dst

dst + C —> dst

ADDC #0,dst
ADDC.B #0,dst

The carry bit (C) is added to the destination operand. The previous contents
of the destination are lost.

N: Set if result is negative, reset if positive

Z. Setifresult is zero, reset otherwise

C: Set if dst was incremented from OFFFFh to 0000, reset otherwise
Set if dst was incremented from OFFh to 00, reset otherwise

V. Set if an arithmetic overflow occurs, otherwise reset

OscOff, CPUOff, and GIE are not affected.

The 16-bit counter pointed to by R13 is added to a 32-bit counter pointed to
by R12.

ADD @R13,0(R12) ; Add LSDs

ADC 2(R12) ; Add carry to MSD

The 8-bit counter pointed to by R13 is added to a 16-bit counter pointed to by
R12.

ADD.B @R13,0(R12) ; Add LSDs

ADC.B 1(R12) ; Add carry to MSD

Instruction Set Description B-9
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ADDI[.W]
ADD.B
Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example

B-10

Add source to destination
Add source to destination

ADD src,dst or ADD.W  src,dst
ADD.B src,dst

src + dst —> dst

The source operand is added to the destination operand. The source operand
is not affected. The previous contents of the destination are lost.

N: Set if result is negative, reset if positive

Z: Setif resultis zero, reset otherwise

C: Setif there is a carry from the result, cleared if not
V: Set if an arithmetic overflow occurs, otherwise reset

OscOff, CPUOMf, and GIE are not affected.
R5 is increased by 10. The jump to TONI is performed on a carry.

ADD #10,R5
JC TONI ; Carry occurred
...... ; No carry

R5 is increased by 10. The jump to TONI is performed on a carry.

ADD.B #10,R5 ; Add 10 to Lowbyte of R5
JC TONI ; Carry occurred, if (R5) = 246 [0Ah+0F6h]
...... ; No carry



ADDCI[.W]
ADDC.B
Syntax
Operation

Description

Status Bits

Mode Bits

Example

Example

Instruction Set Overview

Add source and carry to destination
Add source and carry to destination

ADDC src,dst or ADDC.W src,dst
ADDC.B src,dst

src + dst + C —> dst

The source operand and the carry bit (C) are added to the destination operand.
The source operand is not affected. The previous contents of the destination
are lost.

N: Set if result is negative, reset if positive

Z: Setif resultis zero, reset otherwise

C: Setif there is a carry from the MSB of the result, reset otherwise
V: Set if an arithmetic overflow occurs, otherwise reset

OscOff, CPUOff, and GIE are not affected.

The 32-bit counter pointed to by R13 is added to a 32-bit counter, eleven words
(20/2 + 2/2) above the pointer in R13.

ADD @R13+,20(R13) ; ADD LSDs with no carry in
ADDC @R13+,20(R13) ; ADD MSDs with carry
; resulting from the LSDs

The 24-bit counter pointed to by R13 is added to a 24-bit counter, eleven words
above the pointer in R13.

ADD.B @R13+,10(R13) ; ADD LSDs with no carry in
ADDC.B @R13+,10(R13) ; ADD medium Bits with carry
ADDC.B @R13+,10(R13) ; ADD MSDs with carry

; resulting from the LSDs
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AND[.W] Source AND destination
AND.B Source AND destination
Syntax AND src,dst  or AND.W src,dst
AND.B src,dst
Operation src .AND. dst —> dst
Description The source operand and the destination operand are logically ANDed. The

result is placed into the destination.

Status Bits N: Set if result MSB is set, reset if not set
Z: Setifresultis zero, reset otherwise
C: Setif result is not zero, reset otherwise ( = .NOT. Zero)

V: Reset

Mode Bits OscOff, CPUOMf, and GIE are not affected.

Example The bits set in R5 are used as a mask (#0AAb5h) for the word addressed by
TOM. If the result is zero, a branch is taken to label TONI.
MOV #0AA55h,R5 ; Load mask into register R5
AND R5,TOM ; mask word addressed by TOM with R5
Jz TONI ;

...... : Result is not zero

; or
AND #0AA55h, TOM
JZ TONI

Example The bits of mask #0A5h are logically ANDed with the low byte TOM. If the result
is zero, a branch is taken to label TONI.
AND.B #0A5h,TOM ; mask Lowbyte TOM with R5
JZ TONI ;

...... : Result is not zero
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BIC[.W]
BIC.B

Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example

Example

Instruction Set Overview

Clear bits in destination
Clear bits in destination

BIC src,dst or BIC.W src,dst
BIC.B src,dst

.NOT.src .AND. dst —> dst

The inverted source operand and the destination operand are logically
ANDed. The result is placed into the destination. The source operand is not
affected.

N: Not affected
Z: Not affected
C: Not affected
V: Not affected

OscOff, CPUOff, and GIE are not affected.

The six MSBs of the RAM word LEO are cleared.
BIC #0FCOOh,LEO ; Clear 6 MSBs in MEM(LEO)
The five MSBs of the RAM byte LEO are cleared.

BIC.B #0F8h,LEO ; Clear 5 MSBs in Ram location LEO

The port pins PO and P1 are cleared.

POOUT .equ  01lh; Definition of port address
PO O .equ 01h
PO_1 .equ 02h
BIC.B #P0_0+P0_1,&POOUT ;Set P0.0 and P0.1 to low
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BIS[.W]
BIS.B

Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example

Example

Example
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Set bits in destination
Set bits in destination

BIS src,dst or BIS.W src,dst
BIS.B src,dst

src .OR. dst —> dst

The source operand and the destination operand are logically ORed. The
result is placed into the destination. The source operand is not affected.

N: Not affected
Z: Not affected
C: Not affected
V: Not affected

OscOff, CPUOff, and GIE are not affected.
The six LSBs of the RAM word TOM are set.
BIS #003Fh, TOM; set the six LSBs in RAM location TOM

Start an A/D- conversion

ASOC .equ 1 ; Start of conversion bit
ACTL .equ 114h ; ADC control register
BIS #ASOC,&ACTL ; Start A/D-conversion

The three MSBs of RAM byte TOM are set.
BIS.B #0EOh,TOM ; set the 3 MSBs in RAM location TOM

Port pins PO and P1 are set to high.

POOUT .equ 011h
PO .equ 01h
P1 .equ 02h
BIS.B #P0+P1,&POOUT



BIT[.W]
BIT.B

Syntax
Operation

Description

Status Bits

Mode Bits

Example

Example

Example

Example

Instruction Set Overview

Test bits in destination
Test bits in destination

BIT src,dst or BIT.W src,dst
src .AND. dst

The source and destination operands are logically ANDed. The result affects
only the status bits. The source and destination operands are not affected.

N: Setif MSB of result is set, reset otherwise

Z. Setif result is zero, reset otherwise

C: Setif result is not zero, reset otherwise (.NOT. Zero)
V: Reset

OscOff, CPUOff, and GIE are not affected.
If bit 9 of R8 is set, a branch is taken to label TOM.

BIT #0200h,R8
JINZ TOM

; bit 9 of R8 set?
: Yes, branch to TOM
; No, proceed

Determine which A/D channel is configured by the MUX.

ACTL .equ 114h ; ADC control register
BIT #4,&ACTL ; Is channel 0 selected?
jnz END : Yes, branch to END

If bit 3 of R8 is set, a branch is taken to label TOM.

BIT.B #8,R8
JC TOM

A serial communication receive bit (RCV) is tested. Because the carry bit is
equal to the state of the tested bit while using the BIT instruction to test a single
bit, the carry bit is used by the subsequent instruction; the read information is
shifted into register RECBUF.

Serial communication with LSB is shifted first:
TXXXX OXXXX XXXX XXXX

BIT.B #RCV,RCCTL ; Bit info into carry
RRC RECBUF ; Carry —> MSB of RECBUF
; CXXX  XXXX
...... ; repeat previous two instructions
...... ; 8 times
; CCCC  ccce
; N N
; MSB LSB
; Serial communication with MSB is shifted first:
BIT.B #RCV,RCCTL ; Bit info into carry
RLC.B RECBUF ; Carry —> LSB of RECBUF
7 XXXX XXXC
...... ; repeat previous two instructions
...... ; 8 times
; ccce ccee
i LSB
; MSB
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* BR, BRANCH Branchto .......... destination

Syntax BR dst

Operation dst—> PC

Emulation MOV dst,PC

Description An unconditional branch is taken to an address anywhere in the 64K address

space. All source addressing modes can be used. The branch instruction is
a word instruction.

Status Bits Status bits are not affected.
Example Examples for all addressing modes are given.
BR #EXEC  ;Branch to label EXEC or direct branch (e.g. #0A4h)

: Core instruction MOV @PC+,PC

BR EXEC ; Branch to the address contained in EXEC
; Core instruction MOV X(PC),PC
; Indirect address

BR &EXEC ; Branch to the address contained in absolute
; address EXEC
; Core instruction MOV X(0),PC
; Indirect address

BR R5 : Branch to the address contained in R5
: Core instruction MOV R5,PC
; Indirect R5
BR @R5 ; Branch to the address contained in the word

; pointed to by R5.
; Core instruction MOV @R5,PC
; Indirect, indirect R5

BR @R5+ ; Branch to the address contained in the word pointed
; to by R5 and increment pointer in R5 afterwards.
; The next time—S/W flow uses R5 pointer—it can
; alter program execution due to access to
; next address in a table pointed to by R5
; Core instruction MOV @R5,PC
; Indirect, indirect R5 with autoincrement

BR X(R5) ; Branch to the address contained in the address
; pointed to by R5 + X (e.g. table with address
; starting at X). X can be an address or a label
; Core instruction MOV X(R5),PC
; Indirect, indirect R5 + X
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CALL
Syntax

Operation

Description

Status Bits

Example

Instruction Set Overview

Subroutine

CALL dst

dst —>tmp dst is evaluated and stored
SP-2 —> SP

PC —> @SP PC updated to TOS

tmp —>PC dst saved to PC

A subroutine call is made to an address anywhere in the 64K address space.
All addressing modes can be used. The return address (the address of the
following instruction) is stored on the stack. The call instruction is a word

instruction.

Status bits are not affected.

Examples for all addressing modes are given.

CALL

CALL

CALL

CALL

CALL

CALL

CALL

#EXEC ; Callonlabel EXEC orimmediate address (e.g. #0A4h)
; SP—-2 -~ SP, PC+2 - @SP, @PC+ - PC

EXEC ; Call on the address contained in EXEC
; SP-2 - SP, PC+2 - @SP, X(PC) - PC
; Indirect address

&EXEC ; Call on the address contained in absolute address
; EXEC
; SP-2 - SP, PC+2 - @SP, X(PC) - PC
; Indirect address

R5 ; Call on the address contained in R5
:SP-2 .. SP,PC+2 - @SP,R5 - PC
; Indirect R5

@R5 ; Call on the address contained in the word

; pointed to by R5
:SP-2 - SP, PC+2 -~ @SP, @R5 - PC
; Indirect, indirect R5

@R5+ ; Call on the address contained in the word
; pointed to by R5 and increment pointer in R5.
; The next time—S/W flow uses R5 pointer—
; it can alter the program execution due to
; access to next address in a table pointed to by R5
; SP-2 - SP, PC+2 - @SP, @R5 - PC
; Indirect, indirect R5 with autoincrement

X(R5) ; Call on the address contained in the address pointed
; to by R5 + X (e.g. table with address starting at X)
; X can be an address or a label
; SP-2 - SP, PC+2 - @SP, X(R5) - PC
; Indirect indirect R5 + X
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* CLR[.W]
*CLR.B
Syntax

Operation

Emulation

Description

Status Bits

Example

Example

Example
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Clear destination
Clear destination

CLR dst or CLR.W dst
CLR.B dst

0 —> dst

MOV #0,dst

MOV.B #0,dst

The destination operand is cleared.
Status bits are not affected.

RAM word TONI is cleared.

CLR TONI ;0 —>TONI
Register R5 is cleared.

CLR R5

RAM byte TONI is cleared.

CLR.B TONI ; 0 —>TONI



*CLRC
Syntax
Operation
Emulation
Description

Status Bits

Mode Bits

Example

Instruction Set Overview

Clear carry bit

CLRC

0—>C

BIC #1,SR

The carry bit (C) is cleared. The clear carry instruction is a word instruction.

N: Not affected
Z: Not affected
C: Cleared

V: Not affected

OscOff, CPUOff, and GIE are not affected.

The 16-bit decimal counter pointed to by R13 is added to a 32-bit counter
pointed to by R12.

CLRC ; C=0: defines start
DADD @R13,0(R12) ; add 16-bit counter to low word of 32-bit counter
DADC 2(R12) ; add carry to high word of 32-bit counter
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*CLRN
Syntax

Operation

Emulation

Description

Status Bits

Mode Bits

Example

SUBR

SUBRET

B-20

Clear negative bit
CLRN

0 el N
or
(.NOT.src .AND. dst —> dst)

BIC #4,SR

The constant 04h is inverted (OFFFBh) and is logically ANDed with the
destination operand. The result is placed into the destination. The clear
negative bit instruction is a word instruction.

N: Resetto 0
Z: Not affected
C: Not affected
V: Not affected

OscOff, CPUOff, and GIE are not affected.

The Negative bit in the status register is cleared. This avoids special treatment
with negative numbers of the subroutine called.

CLRN

CALL SUBR

JN SUBRET ; If input is negative: do nothing and return
RET



*CLRZ
Syntax

Operation

Emulation

Description

Status Bits

Mode Bits

Example

Instruction Set Overview

Clear zero bit
CLRZ

0 g Z
or
(.NOT.src .AND. dst —> dst)

BIC #2,SR

The constant 02h is inverted (OFFFDh) and logically ANDed with the
destination operand. The result is placed into the destination. The clear zero
bit instruction is a word instruction.

N: Not affected
Z: Resetto0

C: Not affected
V: Not affected

OscOff, CPUOff, and GIE are not affected.
The zero bit in the status register is cleared.

CLRZz
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CMPL.W]
CMP.B

Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example

Example

Example
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Compare source and destination
Compare source and destination

CMP src,dst or CMP.W src,dst
CMP.B src,dst

dst + .NOT.src + 1
or
(dst — src)

The source operand is subtracted from the destination operand. This is
accomplished by adding the 1s complement of the source operand plus 1. The
two operands are not affected and the result is not stored; only the status bits
are affected.

N: Setif result is negative, reset if positive (src >= dst)

Z: Setif result is zero, reset otherwise (src = dst)

C: Setif there is a carry from the MSB of the result, reset otherwise
V: Set if an arithmetic overflow occurs, otherwise reset

OscOff, CPUOff, and GIE are not affected.

R5 and R6 are compared. If they are equal, the program continues at the label
EQUAL.

CMP R5,R6 ; RS =R6?
JEQ EQUAL ; YES, JUMP

Two RAM blocks are compared. If they are not equal, the program branches
to the label ERROR.

MOV  #NUM,R5 ; hnumber of words to be compared
L$1 CMP  &BLOCK1,&BLOCK2 ; Are Words equal?

JNZ  ERROR ; No, branch to ERROR
DEC R5 ; Are all words compared?
JNZ  L$1 ; No, another compare

The RAM bytes addressed by EDE and TONI are compared. If they are equal,
the program continues at the label EQUAL.

CMP.B EDE,TONI : MEM(EDE) = MEM(TONI)?
JEQ EQUAL . YES, JUMP

Check two keys connected to port pins PO and P1. If keyl is pressed, the pro-
gram branches to label MENULZ; if key?2 is pressed, the program branches to
MENU2.

POIN .EQU 010h
KEY1 .EQU 01h
KEY2 .EQU 02h

CMP.B #KEY1,&POIN

JEQ MENU1
CMP.B #KEY2,&POIN
JEQ MENU2



* DADCL.W]
* DADC.B

Syntax

Operation

Emulation

Description

Status Bits

Mode Bits

Example

Example
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Add carry decimally to destination
Add carry decimally to destination

DADC dst or DADC.W src,dst
DADC.B dst

dst + C —> dst (decimally)

DADD #0,dst
DADD.B #0,dst

The carry bit (C) is added decimally to the destination.

N: Setif MSBis 1

Z: Setif dstis 0, reset otherwise

C: Set if destination increments from 9999 to 0000, reset otherwise
Set if destination increments from 99 to 00, reset otherwise

V: Undefined

OscOff, CPUOff, and GIE are not affected.

The four-digit decimal number contained in R5 is added to an eight-digit deci-
mal number pointed to by R8.

CLRC ; Reset carry

; next instruction’s start condition is defined
DADD R5,0(R8) ; Add LSDs + C
DADC 2(R8) ; Add carry to MSD

The two-digit decimal number contained in R5 is added to a four-digit decimal
number pointed to by R8.

CLRC ; Reset carry

; next instruction’s start condition is defined
DADD.B R5,0(R8) :Add LSDs + C
DADC 1(R8) ; Add carry to MSDs
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DADD[.W]
DADD.B

Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example
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Source and carry added decimally to destination
Source and carry added decimally to destination

DADD src,dst or DADD.W src,dst
DADD.B src,dst

src + dst + C —> dst (decimally)

The source operand and the destination operand are treated as four binary
coded decimals (BCD) with positive signs. The source operand and the carry
bit (C) are added decimally to the destination operand. The source operand
is not affected. The previous contents of the destination are lost. The result is
not defined for non-BCD numbers.

N: Setifthe MSB is 1, reset otherwise
Z: Setif result is zero, reset otherwise
C: Set if the result is greater than 9999

Set if the result is greater than 99
V: Undefined

OscOff, CPUOff, and GIE are not affected.

The eight-digit BCD number contained in R5 and R6 is added decimally to an
eight-digit BCD number contained in R3 and R4 (R6 and R4 contain the
MSDs).

CLRC ; CLEAR CARRY

DADD R5,R3 ; add LSDs

DADD R6,R4 ; add MSDs with carry

JC OVERFLOW ; If carry occurs go to error handling routine

The two-digit decimal counter in the RAM byte CNT is incremented by one.

CLRC ; clear Carry

DADD.B #1,CNT : increment decimal counter
or

SETC

DADD.B #0,CNT : =DADC.B CNT



* DECL.W]
* DEC.B

Syntax

Operation
Emulation
Emulation

Description

Status Bits

Mode Bits

Instruction Set Overview

Decrement destination
Decrement destination

DEC dst or DEC.W dst
DEC.B dst
dst—1 —> dst

SUB #1,dst
SUB.B  #1,dst

The destination operand is decremented by one. The original contents are
lost.

Set if result is negative, reset if positive

Set if dst contained 1, reset otherwise

Reset if dst contained 0, set otherwise

Set if an arithmetic overflow occurs, otherwise reset.

Set if initial value of destination was 08000h, otherwise reset.
Set if initial value of destination was 080h, otherwise reset.

<oNz

OscOff, CPUOff, and GIE are not affected.
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Example R10 is decremented by 1
DEC R10 ; Decrement R10

; Move a block of 255 bytes from memory location starting with EDE to memory location starting with
;TONI. Tables should not overlap: start of destination address TONI must not be within the range EDE
; to EDE+OFEh

MOV #EDE,R6
MOV #255,R10
L$1 MOV.B @R6+, TONI-EDE-1(R6)
DEC R10
JNZ L$1

; Do not transfer tables using the routine above with the overlap shown in Figure B—4.

Figure B—4. Decrement Overlap

EDE
4t———>
TONI
EDE+254
TONI+254
Example Memory byte at address LEO is decremented by one.
DEC.B LEO ; Decrement MEM(LEO)

; Move a block of 255 bytes from memory location starting with EDE to memory location starting with
; TONI. Tables should not overlap: start of destination address TONI must not be within the range EDE
; to EDE+OFEh

MOV #EDE,R6
MOV.B #255,LEO
L$1 MOV.B @R6+,TONI-EDE-1(R6)
DEC.B LEO
INZ L$1
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* DECD[.W]
* DECD.B

Syntax

Operation

Emulation
Emulation

Description

Status Bits

Mode Bits

Example

Instruction Set Overview

Double-decrement destination
Double-decrement destination

DECD dst or DECD.W dst
DECD.B dst

dst—2 —> dst

SUB #2,dst
SUB.B  #2,dst

The destination operand is decremented by two. The original contents are lost.

Set if result is negative, reset if positive

Set if dst contained 2, reset otherwise

Reset if dst contained 0 or 1, set otherwise

Set if an arithmetic overflow occurs, otherwise reset.

Set if initial value of destination was 08001 or 08000h, otherwise reset.
Set if initial value of destination was 081 or 080h, otherwise reset.

<oNz

OscOff, CPUOff, and GIE are not affected.
R10 is decremented by 2.

DECD R10 ; Decrement R10 by two

; Move a block of 255 words from memory location starting with EDE to memory location

; starting with TONI

; Tables should not overlap: start of destination address TONI must not be within the
; range EDE to EDE+0OFEh

Example

MOV #EDE,R6
MOV #510,R10
L$1 MOV @R6+,TONI-EDE-2(R6)
DECD R10
JINZ L$1

Memory at location LEO is decremented by two.
DECD.B LEO ; Decrement MEM(LEO)
Decrement status byte STATUS by two.

DECD.B STATUS
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*DINT
Syntax

Operation

Emulation

Description

Status Bits

Mode Bits

Example
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Disable (general) interrupts

DINT

0—)
or

(OFFF7h .AND. SR - SR

BIC

All interrupts are disabled.

GIE

#8,SR

[/ .NOT.src .AND. dst —> dst)

The constant 08h is inverted and logically ANDed with the status register (SR).
The result is placed into the SR.

N:
Z:
C:
V.

Not affected
Not affected
Not affected
Not affected

GIE is reset. OscOff and CPUO(ff are not affected.

The general interrupt enable (GIE) bit in the status register is cleared to allow
a nondisrupted move of a 32-bit counter. This ensures that the counter is not
modified during the move by any interrupt.

DINT ; All interrupt events using the GIE bit are disabled
NOP

MOV COUNTHI,R5 ; Copy counter

MOV COUNTLO,R6

EINT ; All interrupt events using the GIE bit are enabled
Note: Disable Interrupt

If any code sequence needs to be protected from interruption, the DINT
should be executed at least one instruction before the beginning of the

uninterruptible sequence, or should be followed by an NOP.




*EINT
Syntax

Operation

Emulation

Description

Status Bits

Mode Bits

Example

Instruction Set Overview

Enable (general) interrupts
EINT

1 - GIE
or
(0008h .OR. SR —> SR / .NOT.src .OR. dst —> dst)

BIS #8,SR

All interrupts are enabled.
The constant #08h and the status register SR are logically ORed. The result
is placed into the SR.

N: Not affected
Z: Not affected
C: Not affected
V: Not affected

GIE is set. OscOff and CPUO(ff are not affected.

The general interrupt enable (GIE) bit in the status register is set.

; Interrupt routine of port P0.2 to P0.7

; The interrupt level is the lowest in the system

; POIN is the address of the register where all port bits are read. POIFG is the address of
; the register where all interrupt events are latched.

MaskOK

PUSH.B &POIN

BIC.B @SP,&POIFG ; Reset only accepted flags

EINT ; Preset port 0 interrupt flags stored on stack
; other interrupts are allowed

BIT #Mask,@SP

JEQ MaskOK ; Flags are present identically to mask: jump

BIC #Mask,@SP

INCD SP ; Housekeeping: inverse to PUSH instruction
; at the start of interrupt subroutine. Corrects
; the stack pointer.

RETI

Note: Enable Interrupt

The instruction following the enable interrupt instruction (EINT) is always
executed, even if an interrupt service request is pending when the interrupts
are enable.
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* INCL.W]
*INC.B

Syntax

Operation
Emulation
Description

Status Bits

Mode Bits

Example

Example
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Increment destination
Increment destination

INC dst or INC.W dst
INC.B dst
dst + 1 —> dst

ADD #1,dst
The destination operand is incremented by one. The original contents are lost.

N: Setif result is negative, reset if positive

Z: Set if dst contained OFFFFh, reset otherwise
Set if dst contained OFFh, reset otherwise

C: Setif dst contained OFFFFh, reset otherwise
Set if dst contained OFFh, reset otherwise

V. Set if dst contained 07FFFh, reset otherwise
Set if dst contained 07Fh, reset otherwise

OscOff, CPUOff, and GIE are not affected.

The item on the top of a software stack (not the system stack) for byte data is
removed.

SSP  .EQU R4
INC SSP  ; Remove TOSS (top of SW stack) by increment
; Do not use INC.B since SSP is a word register

The status byte of a process STATUS is incremented. When it is equal to 11,
a branch to OVFL is taken.

INC.B STATUS
CMP.B  #11,STATUS
JEQ OVFL



* INCD[.W]
*INCD.B

Syntax

Operation

Emulation
Emulation

Example

Status Bits

Mode Bits

Example

Example

Instruction Set Overview

Double-increment destination
Double-increment destination

INCD dst or INCD.W dst
INCD.B dst
dst + 2 —> dst

ADD #2,dst
ADD.B  #2,dst

The destination operand is incremented by two. The original contents are lost.

N: Set if result is negative, reset if positive

Z. Set if dst contained OFFFEh, reset otherwise
Set if dst contained OFEh, reset otherwise

C: Set if dst contained OFFFEh or OFFFFh, reset otherwise
Set if dst contained OFEh or OFFh, reset otherwise

V: Set if dst contained 07FFEh or 07FFFh, reset otherwise
Set if dst contained 07Eh or 07Fh, reset otherwise

OscOff, CPUOff, and GIE are not affected.

The item on the top of the stack (TOS) is removed without using a register.

PUSH R5 ; R5 is the result of a calculation, which is stored
; in the system stack

INCD SP ; Remove TOS by double-increment from stack
; Do not use INCD.B, SP is a word-aligned
; register

RET

The byte on the top of the stack is incremented by two.

INCD.B 0(SP) ; Byte on TOS is increment by two
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* INVL.W]
*INV.B

Syntax

Operation

Emulation
Emulation

Description

Status Bits

Mode Bits

Example

Example
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Invert destination
Invert destination

INV dst
INV.B dst

.NOT.dst —> dst

XOR #OFFFFh,dst
XOR.B  #0OFFh,dst

The destination operand is inverted. The original contents are lost.

N: Set if result is negative, reset if positive
Z: Setif dst contained OFFFFh, reset otherwise
Set if dst contained OFFh, reset otherwise
C: Setif result is not zero, reset otherwise ( = .NOT. Zero)
Set if result is not zero, reset otherwise ( = .NOT. Zero)
V: Set if initial destination operand was negative, otherwise reset

OscOff, CPUOff, and GIE are not affected.

Content of R5 is negated (twos complement).

MOV #00Aeh,R5 ; R5 = 000AEh
INV R5 ; Invert R5, R5 = OFF51h
INC R5 ; R5is now negated, R5 = 0FF52h

Content of memory byte LEO is negated.

MOV.B #OAEN,LEO ; MEM(LEO) = OAEh
INV.B LEO : Invert LEO, MEM(LEO) = 051h
INC.B LEO : MEM(LEO) is negated, MEM(LEO) = 052h



JC
JHS
Syntax

Operation

Description

Status Bits

Example

Example

Instruction Set Overview

Jump if carry set
Jump if higher or same

JC label
JHS label

If C=1: PC + 2 x offset —=> PC
If C = 0: execute following instruction

The status register carry bit (C) is tested. If it is set, the 10-bit signed offset
contained inthe instruction LSBs is added to the program counter. If Cis reset,
the next instruction following the jump is executed. JC (jump if carry/higher or
same) is used for the comparison of unsigned numbers (0 to 65536).

Status bits are not affected.
The POIN.1 signal is used to define or control the program flow.

BIT #10h,&POIN ; State of signal —> Carry
JC PROGA ; If carry=1 then execute program routine A
...... ; Carry=0, execute program here

R5 is compared to 15. If the content is higher or the same, branch to LABEL.

CMP #15,R5
JHS LABEL ; Jump is taken if R5 = 15
...... ; Continue here if R5 <15
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JEQ, JZ
Syntax

Operation

Description

Status Bits

Example

Example

Example
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Jump if equal, jump if zero
JEQ label, JZ label

If Z=1: PC + 2 x offset —> PC
If Z = 0: execute following instruction

The status register zero bit (Z2) is tested. If it is set, the 10-bit signed offset
contained in the instruction LSBs is added to the program counter. If Z is not
set, the instruction following the jump is executed.

Status bits are not affected.
Jump to address TONI if R7 contains zero.

TST R7 ; Test R7
JZ TONI ; if zero: JUMP

Jump to address LEO if R6 is equal to the table contents.

CMP R6,Table(R5) ; Compare content of R6 with content of
; MEM (table address + content of R5)

JEQ LEO ; Jump if both data are equal

...... ; No, data are not equal, continue here

Branch to LABEL if R5 is 0.

TST R5
JZ LABEL



JGE
Syntax

Operation

Description

Status Bits

Example

Instruction Set Overview

Jump if greater or equal
JGE label

If (N .XOR. V) = 0 then jump to label: PC + 2 x offset —> PC
If (N .XOR. V) = 1 then execute the following instruction

The status register negative bit (N) and overflow bit (V) are tested. If both N
and V are set or reset, the 10-bit signed offset contained in the instruction LSBs
is added to the program counter. If only one is set, the instruction following the
jump is executed.

This allows comparison of signed integers.
Status bits are not affected.

When the content of R6 is greater or equal to the memory pointed to by R7,
the program continues at label EDE.

CMP @R7,R6 ; R6 = (R7)?, compare on signed numbers
JGE EDE ; Yes, R6 = (R7)
...... ; No, proceed
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JL Jump if less
Syntax JL label
Operation If (N .XOR. V) =1 then jump to label: PC + 2 x offset —> PC

If (N .XOR. V) = 0 then execute following instruction

Description The status register negative bit (N) and overflow bit (V) are tested. If only one
is set, the 10-hit signed offset contained in the instruction LSBs is added to the
program counter. If both N and V are set or reset, the instruction following the
jump is executed.

This allows comparison of signed integers.
Status Bits Status bits are not affected.

Example When the content of R6 is less than the memory pointed to by R7, the program
continues at label EDE.

CMP @R7,R6 ; R6 < (R7)?, compare on signed numbers
JL EDE ; Yes, R6 < (R7)
...... ; No, proceed
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JMP
Syntax
Operation

Description

Status Bits

Hint:

Instruction Set Overview

Jump unconditionally
MP label

PC + 2 x offset —> PC

The 10-bit signed offset contained in the instruction LSBs is added to the

program counter.

Status bits are not affected.

This one-word instruction replaces the BRANCH instruction in the range of

—511 to +512 words relative to the current program counter.

Instruction Set Description
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JN Jump if negative
Syntax JN label
Operation if N =1: PC + 2 x offset —> PC

if N = 0: execute following instruction

Description The negative bit (N) of the status register is tested. If it is set, the 10-bit signed
offset contained in the instruction LSBs is added to the program counter. If N
is reset, the next instruction following the jump is executed.

Status Bits Status bits are not affected.

Example The result of a computation in R5 is to be subtracted from COUNT. If the result
is negative, COUNT is to be cleared and the program continues execution in
another path.

SuUB R5,COUNT : COUNT — R5 —> COUNT
JN L$1 ; If negative continue with COUNT=0 at PC=L$1
...... ; Continue with COUNT=0

L$1 CLR COUNT

B-38



JNC
JLO

Syntax

Operation

Description

Status Bits

Example

ERROR

CONT

Example

Instruction Set Overview

Jump if carry not set
Jump if lower

JNC label
JNC label

if C=0: PC + 2 x offset —> PC
if C = 1. execute following instruction

The status register carry bit (C) is tested. If it is reset, the 10-bit signed offset
contained in the instruction LSBs is added to the program counter. If C is set,
the nextinstruction following the jumpis executed. JNC (jump if no carry/lower)
is used for the comparison of unsigned numbers (0 to 65536).

Status bits are not affected.

The resultin R6 is added in BUFFER. If an overflow occurs, an error handling
routine at address ERROR is used.

ADD R6,BUFFER ; BUFFER + R6 —> BUFFER
JNC CONT ; No carry, jump to CONT
...... ; Error handler start

...... ; Continue with normal program flow

Branch to STL2 if byte STATUS contains 1 or O.

CMP.B  #2,STATUS
JLO STL2 : STATUS < 2
...... : STATUS = 2, continue here
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JNE, JNZ
Syntax

Operation

Description

Status Bits

Example

B-40

Jump if not equal, jump if not zero
JNE label, JNZ label

If Z=0: PC + 2 x offset —> PC
If Z = 1: execute following instruction

The status register zero bit (Z) is tested. If it is reset, the 10-bit signed offset
contained in the instruction LSBs is added to the program counter. If Z is set,
the next instruction following the jump is executed.

Status bits are not affected.
Jump to address TONI if R7 and R8 have different contents.

CMP R7,R8 ; COMPARE R7 WITH R8
JNE TONI ; if different: jump
...... ; if equal, continue



MOV[.W]
MOV.B
Syntax
Operation

Description

Status Bits
Mode Bits

Example

Loop

Example

Loop

Instruction Set Overview

Move source to destination
Move source to destination

MOV src,dst or MOV.W src,dst
MOV.B src,dst
src —> dst

The source operand is moved to the destination.
The source operand is not affected. The previous contents of the destination
are lost.

Status bits are not affected.
OscOff, CPUOff, and GIE are not affected.

The contents of table EDE (word data) are copied to table TOM. The length
of the tables must be 020h locations.

MOV #EDE,R10 ; Prepare pointer

MOV  #020h,R9 ; Prepare counter

MOV @R10+,TOM-EDE-2(R10) ; Use pointer in R10 for both tables
DEC R9 ; Decrement counter

JNZ  Loop ; Counter # 0, continue copying
...... ; Copying completed

The contents of table EDE (byte data) are copied to table TOM. The length of
the tables should be 020h locations

MOV #EDE,R10 ; Prepare pointer
MOV  #020h,R9 ; Prepare counter
MOV.B @R10+,TOM-EDE-1(R10) ; Use pointer in R10 for

; both tables
DEC R9 ; Decrement counter
JNZ  Loop ; Counter # 0, continue
; copying

...... ; Copying completed
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* NOP No operation

Syntax NOP

Operation None

Emulation MOV #0,#0

Description No operation is performed. The instruction may be used for the elimination of

instructions during the software check or for defined waiting times.
Status Bits Status bits are not affected.

The NOP instruction is mainly used for two purposes:

[J To hold one, two or three memory words
[ To adjust software timing

Note: Emulating No-Operation Instruction

Other instructions can emulate no-operation instruction using different
numbers of cycles and code words.

Examples:

MOV 0(R4),0(R4) ; 6 cycles, 3 words
MOV @R4,0(R4) ; 5 cycles, 2 words
BIC #0,EDE(R4) ; 4 cycles, 2 words
JMP $+2 ; 2 cycles, 1 word
BIC #0,R5 ; 1 cycle, 1 word
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* POP[.W]
* POP.B
Syntax
Operation
Emulation
Emulation

Description

Status Bits

Example

Example

Example

Example

Instruction Set Overview

Pop word from stack to destination
Pop byte from stack to destination

POP dst

POP.B dst

@SP —> dst

SP+2—>SP

MOV @SP+,dst or MOV.W @SP+,dst
MOV.B @SP+,dst

The stack location pointed to by the stack pointer (TOS) is moved to the
destination. The stack pointer is incremented by two afterwards.

Status bits are not affected.
The contents of R7 and the status register are restored from the stack.

POP R7 ; Restore R7
POP SR ; Restore status register

The contents of RAM byte LEO is restored from the stack.
POP.B LEO ; The low byte of the stack is moved to LEO.
The contents of R7 is restored from the stack.

POP.B R7 ; The low byte of the stack is moved to R7,
; the high byte of R7 is 00h

The contents of the memory pointed to by R7 and the status register are
restored from the stack.

POP.B 0(R7) ; The low byte of the stack is moved to the
; the byte which is pointed to by R7
: Example: R7 =203h
; Mem(R7) = low byte of system stack
: Example: R7 =20Ah
; Mem(R7) = low byte of system stack
POP SR

(

Note: The System Stack Pointer

The system stack pointer (SP) is always incremented by two, independent
of the byte suffix.
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PUSH[.W]
PUSH.B
Syntax
Operation

Description

Status Bits

Mode Bits

Example

Example
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Push word onto stack
Push byte onto stack

PUSH src or PUSH.W src
PUSH.B src

SP-2 . SP
src - @SP

The stack pointer is decremented by two, then the source operand is moved
to the RAM word addressed by the stack pointer (TOS).

N: Not affected
Z: Not affected
C: Not affected
V: Not affected

OscOff, CPUOMf, and GIE are not affected.
The contents of the status register and R8 are saved on the stack.

PUSH SR ; save status register
PUSH R8 ; save R8

The contents of the peripheral TCDAT is saved on the stack.

PUSH.B &TCDAT ; save data from 8-bit peripheral module,
; address TCDAT, onto stack

Note: The System Stack Pointer

The system stack pointer (SP) is always decremented by two, independent
of the byte suffix.
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*RET Return from subroutine
Syntax RET
Operation @SP- PC
SP+2 - SP
Emulation MOV @SP+,PC
Description The return address pushed onto the stack by a CALL instruction is moved to

the program counter. The program continues at the code address following the
subroutine call.

Status Bits Status bits are not affected.
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RETI
Syntax

Operation

Description

Status Bits

Mode Bits

Example

Return from interrupt

RETI

TOS ~ SR
SP+2 . SP
TOS ~ PC
SP+2 . SP

The status register is restored to the value at the beginning of the interrupt
service routine by replacing the present SR contents with the TOS contents.
The stack pointer (SP) is incremented by two.

The program counter is restored to the value at the beginning of interrupt
service. This is the consecutive step after the interrupted program flow.
Restoration is performed by replacing the present PC contents with the TOS
memory contents. The stack pointer (SP) is incremented.

N: restored from system stack
Z: restored from system stack
C: restored from system stack
V: restored from system stack

OscOff, CPUO(f, and GIE are restored from system stack.

Figure B-5 illustrates the main program interrupt.

Figure B—5. Main Program Interrupt
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* RLA[.W]
* RLA.B

Syntax

Operation

Emulation

Description

Instruction Set Overview
Rotate left arithmetically
Rotate left arithmetically

RLA dst or RLA.W dst
RLA.B dst

C<-MSB<-MSB-1.... LSB+1<-LSB<-0

ADD dst,dst
ADD.B dst,dst

The destination operand is shifted left one position as shown in Figure B—6.
The MSB is shifted into the carry bit (C) and the LSB is filled with 0. The RLA
instruction acts as a signed multiplication by 2.

An overflow occurs if dst = 04000h and dst < 0CO00h before operation is
performed: the result has changed sign.

Figure B—6. Destination Operand—Arithmetic Shift Left

Status Bits

Mode Bits

Example

Example

Word 15 0
__________________ 0
Byte 7 0

An overflow occurs if dst = 040h and dst < 0COh before the operation is
performed: the result has changed sign.

Set if result is negative, reset if positive

Set if result is zero, reset otherwise

Loaded from the MSB

Set if an arithmetic overflow occurs:

the initial value is 04000h < dst < 0C000h; otherwise it is reset
Set if an arithmetic overflow occurs:

the initial value is 040h < dst < 0COh; otherwise it is reset

OscOff, CPUOff, and GIE are not affected.
R7 is multiplied by 4.

<oNzZ

RLA R7 ; Shift left R7 (x 2) — emulated by ADD R7,R7
RLA R7 ; Shift left R7 (x 4) — emulated by ADD R7,R7
The low byte of R7 is multiplied by 4.
RLA.B R7 ; Shift left low byte of R7 (x 2) — emulated by

; ADD.B R7,R7
RLA.B R7 ; Shift left low byte of R7 (x 4) — emulated by

; ADD.B R7,R7

Note: RLA Substitution

The assembler does not recognize the instruction:

RLA @R5+ nor RLA.B  @R5+.
It must be substituted by:
ADD @R5+,-2(R5) or ADD.B @R5+,-1(R5).
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* RLC[.W] Rotate left through carry

*RLC.B Rotate left through carry

Syntax RLC dst or RLC.W dst
RLC.B  dst

Operation C<-MSB<-MSB-1.... LSB+1<-LSB<-C

Emulation ADDC dst,dst

Description The destination operand is shifted left one position as shown in Figure B-7.
The carry bit (C) is shifted into the LSB and the MSB is shifted into the carry
bit (C).

Figure B—7. Destination Operand—Carry Left Shift
Word 15 0

——————————————————

Byte 7 0

Status Bits Set if result is negative, reset if positive

Set if result is zero, reset otherwise

Loaded from the MSB

Set if arithmetic overflow occurs, reset otherwise
Set if 03FFFh < dstjnjtig < 0C000, reset otherwise

Set if 03Fh < dstjpjtig) < 0COh, reset otherwise

Mode Bits OscOff, CPUOff, and GIE are not affected.
Example R5 is shifted left one position.
RLC R5 :(R5x2)+C—>R5
Example The input POIN.1 information is shifted into the LSB of R5.

BIT.B #2,&POIN ; Information —> Carry
RLC R5 ; Carry=P0in.1 —> LSB of R5

Example The MEM(LEO) content is shifted left one position.
RLC.B LEO ; Mem(LEO) x 2 + C —> Mem(LEO)
Example The input POIN.1 information is to be shifted into the LSB of R5.

BIT.B #2,&POIN ; Information —> Carry
RLC.B R5 ; Carry = POin.1 —> LSB of R5
; High byte of R5 is reset

Note: RLC and RLC.B Emulation

The assembler does not recognize the instruction:
RLC @R5+.

It must be substituted by:
ADDC  @R5+,-2(R5).
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RRA[LW]
RRA.B

Syntax

Operation

Description

Instruction Set Overview

Rotate right arithmetically
Rotate right arithmetically

RRA dst or RRA.W dst
RRA.B dst

MSB —> MSB, MSB —> MSB-1, ... LSB+1—>1LSB, LSB—>C

The destination operand is shifted right one position as shown in Figure B-8.
The MSB is shifted into the MSB, the MSB is shifted into the MSB-1, and the
LSB+1 is shifted into the LSB.

Figure B-8. Destination Operand—Arithmetic Right Shift

Status Bits

Mode Bits

Word 15 0

N — >
Byte |

15 0

Set if result is negative, reset if positive
Set if result is zero, reset otherwise
Loaded from the LSB

Reset

<oNzZ

OscOff, CPUOff, and GIE are not affected.
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Running Title—Attribute Reference

Example

:OR

Example

: OR
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R5 is shifted right one position. The MSB retains the old value. It operates
equal to an arithmetic division by 2.

RRA R5 i R5/2—>R5

The value in R5 is multiplied by 0.75 (0.5 + 0.25).

PUSH R5 ; hold R5 temporarily using stack

RRA RS iR5x0.5 —> R5

ADD @SP+R5 ;R5x05+R5=15xR5 —>R5

RRA RS ; (1.5 xR5)x0.5=0.75xR5 —>R5

RRA RS iR5x0.5 —> R5

PUSH R5 ;R5x0.5 —> TOS

RRA @SP ; TOSx0.5=05%xR5x0.5=0.25xR5 —>TOS
ADD @SP+,R5 ;R5x05+R5x0.25=0.75xR5 —>R5

The low byte of R5 is shifted right one position. The MSB retains the old value.
It operates equal to an arithmetic division by 2.

RRA.B R5 ; R5/2 —> R5: operation is on low byte only
; High byte of R5 is reset

The value in R5 (low byte only) is multiplied by 0.75 (0.5 + 0.25).

PUSH.B R5 ; hold low byte of R5 temporarily using stack
RRA.B R5 ;R5x05 —> R5

ADD.B @SP+R5 ;R5x05+R5=15xR5 —>R5

RRA.B R5 ;(1L.5xR5)x05=0.75xR5 —>R5

RRA.B RS iR5x0.5 —> R5

PUSH.B R5 ;R5x0.5 —> TOS

RRA.B @SP ;TOSx05=05%xR5x0.5=0.25xR5 —>TOS
ADD.B @SP+R5 ;R5x05+R5x0.25=0.75%xR5 —>R5



RRC[.W]
RRC.B

Syntax

Operation

Description

Instruction Set Overview

Rotate right through carry
Rotate right through carry

RRC dst or RRC.W dst
RRC dst

C—>MSB—>MSB-1... LSB+1—>LSB—>C

The destination operand is shifted right one position as shown in Figure B—6.
The carry bit (C) is shifted into the MSB, the LSB is shifted into the carry bit (C).

Figure B-9. Destination Operand—Carry Right Shift

Status Bits

Mode Bits

Example

Example

Word 15 0
——————————————————
Byte 7 0

Set if result is negative, reset if positive

Set if result is zero, reset otherwise

Loaded from the LSB

Set if initial destination is positive and initial carry is set, otherwise reset

<oNzZ

OscOff, CPUOff, and GIE are not affected.
R5 is shifted right one position. The MSB is loaded with 1.

SETC ; Prepare carry for MSB
RRC R5 ; R5/2 + 8000h —> R5

R5 is shifted right one position. The MSB is loaded with 1.

SETC ; Prepare carry for MSB
RRC.B R5 ; R5/2 + 80h —> R5; low byte of R5 is used
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* SBC[.W]
*SBC.B
Syntax
Operation
Emulation

Description

Status Bits

Mode Bits

Example

Example
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Subtract (borrow®) from destination
Subtract (borrow®) from destination

SBC dst or SBC.W  dst
SBC.B dst

dst + OFFFFh + C —> dst
dst + OFFh + C —> dst

SUBC #0,dst
SUBC.B #0,dst

The carry bit (C) is added to the destination operand minus one. The previous
contents of the destination are lost.

N: Setif result is negative, reset if positive

Z: Setif result is zero, reset otherwise

C: Reset if dst was decremented from 0000 to OFFFFh, set otherwise
Reset if dst was decremented from 00 to OFFh, set otherwise

V: Setifinitially C = 0 and dst = 08000h
Set if initially C = 0 and dst = 080h

OscOff, CPUOff, and GIE are not affected.

The 16-bit counter pointed to by R13 is subtracted from a 32-bit counter
pointed to by R12.

SUB @R13,0(R12) ; Subtract LSDs
SBC 2(R12) ; Subtract carry from MSD

The 8-hit counter pointed to by R13 is subtracted from a 16-bit counter pointed
to by R12.

SUB.B @R13,0(R12) ; Subtract LSDs
SBC.B 1(R12) ; Subtract carry from MSD

Note: Borrow Is Treated as a .NOT.

The borrow is treated as a .NOT. carry :  Borrow  Carry bit
Yes 0
No 1




* SETC
Syntax
Operation
Emulation
Description

Status Bits

Mode Bits

Example

DSuUB

Instruction Set Overview

Set carry bit

SETC

1->C

BIS #1,SR

The carry bit (C) is set.

N: Not affected
Z: Not affected
C:. Set

V: Not affected

OscOff, CPUOff, and GIE are not affected.

Emulation of the decimal subtraction:
Subtract R5 from R6 decimally
Assume that R5 = 3987 and R6 = 4137

ADD #6666h,R5 ; Move content R5 from 0-9 to 6—0Fh
; R5 = 03987 + 6666 = 09FEDh
; Invert this (result back to 0-9)
; R5 = .NOT. R5 = 06012h
SETC ; Prepare carry = 1
DADD R5,R6 ; Emulate subtraction by addition of:
; (10000 - R5-1)
:R6=R6+R5+1
: R6 =4137 + 06012 + 1 =1 0150 = 0150

INV R5
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*SETN
Syntax
Operation
Emulation
Description

Status Bits

Mode Bits

B-54

Set negative bit

SETN

1-—>N

BIS #4,SR

The negative bit (N) is set.

N: Set

Z: Not affected
C: Not affected
V: Not affected

OscOff, CPUOff, and GIE are not affected.



Instruction Set Overview

*SETZ Set zero bit
Syntax SETZ
Operation 1—>7
Emulation BIS #2,SR
Description The zero bit (2) is set.
Status Bits N: Not affected

Z: Set

C: Not affected
V: Not affected

Mode Bits OscOff, CPUOff, and GIE are not affected.
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SUB[.W] Subtract source from destination

SUB.B Subtract source from destination

Syntax SUB src,dst or SUB.W src,dst
SUB.B src,dst

Operation dst + .NOT.src + 1 —> dst
or

[(dst — src —> dst)]

Description The source operand is subtracted from the destination operand by adding the
source operand’s 1s complement and the constant 1. The source operand is
not affected. The previous contents of the destination are lost.

Status Bits N: Set if result is negative, reset if positive
Z: Setif resultis zero, reset otherwise
C: Setif there is a carry from the MSB of the result, reset otherwise.
Set to 1 if no borrow, reset if borrow.
V: Set if an arithmetic overflow occurs, otherwise reset

Mode Bits OscOff, CPUOff, and GIE are not affected.
Example See example at the SBC instruction.
Example See example at the SBC.B instruction.

Note: Borrow Is Treated as a .NOT.

The borrow is treated as a .NOT. carry :  Borrow  Carry bit
Yes 0
No 1
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SUBC[.W]SBB[.W]
SUBC.B,SBB.B

Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example

Instruction Set Overview

Subtract source and borrow/.NOT. carry from destination
Subtract source and borrow/.NOT. carry from destination

SUBC src,dst or SUBC.W src,dst or
SBB src,dst or SBB.W src,dst
SUBC.B src,dst or SBB.B src,dst

dst + .NOT.src + C —> dst
or
(dst—src—1 + C —> dst)

The source operand is subtracted from the destination operand by adding the
source operand’s 1s complement and the carry bit (C). The source operand
is not affected. The previous contents of the destination are lost.

N: Set if result is negative, reset if positive.

Z: Setif result is zero, reset otherwise.

C: Setif there is a carry from the MSB of the result, reset otherwise.
Set to 1 if no borrow, reset if borrow.

V: Set if an arithmetic overflow occurs, reset otherwise.

OscOff, CPUOff, and GIE are not affected.

Two floating point mantissas (24 bits) are subtracted.
LSBs are in R13 and R10, MSBs are in R12 and R9.

SUB.W R13,R10 ; 16-bit part, LSBs
SUBC.B R12,R9 ; 8-bit part, MSBs

The 16-bit counter pointed to by R13 is subtracted from a 16-bit counterin R10
and R11(MSD).

SUB.B @R13+,R10 ; Subtract LSDs without carry
SUBC.B @R13,R11 ; Subtract MSDs with carry
; resulting from the LSDs

Note: Borrow Is Treated as a .NOT. Carry

The borrow is treated as a .NOT. carry :  Borrow  Carry bit
Yes 0
No 1
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SWPB Swap bytes

Syntax SWPB dst

Operation Bits 15t0 8 <—>bits 7t0 0

Description The destination operand high and low bytes are exchanged as shown in
Figure B-10.

Status Bits N: Not affected

Z: Not affected
C: Not affected
V: Not affected

Mode Bits OscOff, CPUOff, and GIE are not affected.

Figure B—10. Destination Operand Byte Swap

15 8 7 0

Example

MOV #040BFh,R7 ; 0100000010111111 —> R7

SWPB R7 ; 1011111101000000 in R7
Example The value in R5 is multiplied by 256. The result is stored in R5,R4.

SWPB R5 ;

MOV R5,R4 ;Copy the swapped value to R4

BIC #0FFO0h,R5 ;Correct the result

BIC #00FFh,R4 ;Correct the result

B-58



SXT
Syntax
Operation
Description

Status Bits

Mode Bits

Instruction Set Overview

Extend Sign

SXT dst

Bit7 —>Bit8 ......... Bit 15

The sign of the low byte is extended into the high byte as shown in Figure B—11.

N: Set if result is negative, reset if positive

Z: Setif result is zero, reset otherwise

C: Setif result is not zero, reset otherwise (.NOT. Zero)
V: Reset

OscOff, CPUOff, and GIE are not affected.

Figure B—11. Destination Operand Sign Extension

Example

15 8 7 0

R7 is loaded with the Timer/Counter value. The operation of the sign-extend
instruction expands bit 8 to bit 15 with the value of bit 7.
R7 is then added to R6.

MOV.B  &TCDAT,R7 : TCDAT = 080h: .... ....1000 0000
SXT R7 : R7 = OFF80h: 1111 1111 1000 0000
ADD R7,R6 : add value of EDE to 16-bit ACCU
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* TSTL.W]
*TST.B
Syntax
Operation
Emulation

Description

Status Bits

Mode Bits

Example

Example
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Test destination
Test destination

TST dst or TST.W dst
TST.B dst

dst + OFFFFh + 1
dst+ OFFh + 1

CMP #0,dst
CMP.B #0,dst

The destination operand is compared with zero. The status bits are set accord-
ing to the result. The destination is not affected.

N: Set if destination is negative, reset if positive

Z: Set if destination contains zero, reset otherwise
C:. Set

V. Reset

OscOff, CPUOff, and GIE are not affected.

R7 is tested. If it is negative, continue at R7NEG,; if it is positive but not zero,
continue at R7POS.

TST R7 ; Test R7

JN R7NEG ; R7 is negative

JZ R7ZERO ; R7 is zero
R7POS ... ; R7 is positive but not zero
R7NEG ... ; R7 is negative
R7ZERO  ...... ; R7 is zero

The low byte of R7 is tested. Ifitis negative, continue at R7NEG,; if it is positive
but not zero, continue at R7POS.

TST.B R7 ; Test low byte of R7

JN R7NEG ; Low byte of R7 is negative

Jz R7ZERO ; Low byte of R7 is zero
R7POS ... ; Low byte of R7 is positive but not zero
R7NEG ... ; Low byte of R7 is negative
R7ZERO  ...... ; Low byte of R7 is zero



XOR[.W]
XOR.B
Syntax

Operation

Description

Status Bits

Mode Bits

Example

Example

Example

Instruction Set Overview

Exclusive OR of source with destination
Exclusive OR of source with destination

XOR src,dst or XOR.W src,dst
XOR.B src,dst

src .XOR. dst —> dst

The source and destination operands are exclusive ORed. The resultis placed
into the destination. The source operand is not affected.

N: Setif result MSB is set, reset if not set

Z: Setif result is zero, reset otherwise

C: Setif result is not zero, reset otherwise ( = .NOT. Zero)
V: Set if both operands are negative

OscOff, CPUOff, and GIE are not affected.

The bits set in R6 toggle the bits in the RAM word TONI.

XOR R6,TONI ; Toggle bits of word TONI on the bits set in R6
The bits set in R6 toggle the bits in the RAM byte TONI.

XOR.B R6,TONI ; Toggle bits in word TONI on bits
; set in low byte of R6,

Reset to 0 those bits in low byte of R7 that are different from bits in RAM byte
EDE.

XOR.B  EDE,R7Y ; Set different bit to “1s”
INV.B R7 ; Invert Lowbyte, Highbyte is Oh
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Appendix C

EPROM Programming

This appendix describes the MSP430 EPROM module. The EPROM module
is erasable with ultraviolet light and electrically programmable. Devices with
an EPROM module are offered in a windowed package for multiple program-
ming and in an OTP package for one-time programmable devices.

Topic Page
C.1 EPROM Operation ... ... ...ttt C-2
C.2 FAST Programming Algorithm ... ... ... ... ... iiio.. c-4
C.3 Programming an EPROM Module Through a Serial Data Link

Using the JTAG Feature ... .. ... i C-5
C.4 Programming an EPROM Module With Controller’s Software ..C:6
C5 G000 .t C-8
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EPROM Operation

C.1 EPROM Operation

C.1.1 Erasure

The CPU acquires data and instructions from the EPROM. When the
programming voltage is applied to the TDI/VPP terminal, the CPU can also
write to the EPROM module. The process of reading the EPROM is identical
to the process of reading from other internal peripheral modules. Both
programming and reading can occur on byte or word boundaries.

The entire EPROM may be erased before programming begins. Erase the
EPROM module by exposing the transparent window to ultraviolet light.

Note: EPROM Exposed to Ambient Light (1)

Since normal ambient light contains the correct wavelength for erasure,
cover the transparent window with an opaque label when programming a
device. Do not remove the table until it has to be erased. Any useful data in
the EPROM module must be reprogrammed after exposure to ultraviolet
light.

The data in the EPROM module can be programmed serially through the
integrated JTAG feature, or through software included as a part of the
application software. The JTAG implementation features an internal
mechanism for security purposes provided by the implemented fuse. Once the
security fuse is activated, the device cannot be accessed through the JTAG
functions. The JTAG is permanently operating in the by-pass mode.

Refer to the appropriate data sheet for more information on the fuse imple-
mentation.

C.1.2 Programming Methods

C-2

The application must provide an external voltage supply to the TDI/VPP
terminal to provide the necessary voltage and current for programming. The
minimum programming time is noted in the electrical characteristics of the
device data sheets.

The EPROM control register EPCTL controls the EPROM programming, once
the external voltage is supplied. The erase state is a 1. When EPROM bits are
programmed, they are read as 0.

The programming of the EPROM module can be done for single bytes, words,
blocks of individual length, or the entire module. All bits that have a final level
of 0 must be erased before the EPROM module is programmed. The program-
ming can be done on single devices or even in-system. The supply voltage
should be in the range required by the device data sheet but at least the maxi-
mum supply voltage of the target application. The levels on the JTAG terminals
are defined in the device data sheet, and are usually CMOS levels.



Example C—1. MSP430 On-Chip Program Memory Format

Word Format

Byte Format

ooe ooe
XXXAh DEFO xxxBh DE
Xxx8h 9ABC XXXAh FO
Xxx6h 5678 xxx9h 9A
xxx4h 1234 Xxx8h BC
ooe XXX7h 56
Xxx6h 78
xxx5h 12
xxx4h 34
ooe
C.1.3 EPROM Control Register EPCTL
Figure C-1.EPROM Control Register EPCTL
7 0
EF;CSLI; VPPS | EXE
r-0 r-0 r-0 -0 r-0 r-0 rw—0 rw-0

EPROM Operation

For bit 0, the executable bit EXE initiates and ends the programming to the
EPROM module. The external voltage must be supplied to the TDI/VPP or
Test/VPP before the EXE bit is set. The timing conditions are noted in the data

sheets.

For bit 1, when the VPPS bit is set, the external programming voltage is con-
nected to the EPROM module. The VPPS bit must be set before the EXE bit
is set. It can be reset together with the EXE bit. The VPPS bit must not be
cleared between programming operations.

Note:

Ensure that no VPP is applied to the programming voltage pin (TDI/VPP or
Test/VPP) when the software in the device is executed or when the JTAG is
not fully controlled. Otherwise, an undesired write operation may

occur.
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EPROM Operation

C.1.4 EPROM Protect

The EPROM access through the serial test and programming interface JTAG
can be inhibited when the security fuse is activated. The security fuse is acti-
vated by serial instructions shifted into the JTAG. Activating the fuse is not re-
versible and any access to the internal system is disrupted. The by-pass func-
tion described in the standard IEEE 1149.1 is active.

C.2 FAST Programming Algorithm

The FAST programming cycle is normally used to program the data into the
EPROM. A programmed logical O can be erased only by ultraviolet light.

Fast programming uses two types of pulses: prime and final. The length of the
prime pulse is typically 100us (see the latest datasheet). After each prime
pulse, the programmed data are verified. If the verification fails 25 times, the
programming operation was false. If correct data are read, the final program-
ming pulse is applied. The final programming pulse is 3 times the number of
prime pulses applied.

Example C—2. Fast Programming Subroutine

c4

( Start Of Subroutine )

VPP at TDI/VPP is Switched to EPROM: Set VPPS Bit
Load Loop Into R_Count, Loop = 25

Write Data From BurnByte To EPROM
Program One Prime Pulse (typ. 100 us)

| R_Count = R_Count -1 | Final Programming Pulse
Applied:
Yes @ 3-Times N Prime Pulse
No

Invert Data in BurnByte
Use inv. BurnByte for
Error Indication

( End Of Subroutine: RET )




EPROM Operation

C.3 Programming an EPROM Module Through a Serial Data Link Using the
JTAG Feature

The hardware interconnection of the JTAG terminals is established through
four separate terminals, plus the ground or VSS reference level. The JTAG ter-
minals are TMS, TCK, TDI(/VPP), and TDO(/TDI).

Figure C-2.EPROM Programming With Serial Data Link

VPPE —p o ©
(12.5 V/70 mA) \
TMS —p—— T™MS
TCK TCK

DI RN Ez/ o—e— TDIVPPT
ij TDO/TDI¥

MSP430Xxxx

TDO
68 k

SN74HCT125

Xout/TCLK
E VCC/DVCC
AVCC

E VSS/DVSS
AVSS

SN74HCT125
Level Shifter

Switches shown for programming situation

T TDIin standard mode, VPP input during programming
¥ TDO in standard mode, data input TDI during programming
8 See electrical characteristics in the latest data sheet
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C.4 Programming an EPROM Module With Controller’s Software

The procedure for programming an EPROM module is as follows:
1) Connect the required supply to the TDI/VPP terminal.
2) Run the proper software algorithm.

The software algorithm that controls the EPROM programming cycle cannot
run inthe same EPROM module to which the data are being written. Itis impos-
sible to read instructions from the EPROM and write data to it at the same time.
The software needs to run from another memory such as a ROM module, a
RAM module, or another EPROM module.

Figure C-3.EPROM Programming With Controller’s Software

C4.1

C-6

(11.5 V/70 mA)

T™mSt

TCK?

VPP§ TDI/VPPE
68 k

TDO/TDIS
VSS

MSP430Xxxx

VSS

A
\ 4

E VSS/DVSS
AVSS

1 Internally a pullup resistor is connected to TMS and TCK

¥ ROM devices of MSP430 have an internal pullup resistor at pin TDI/VPP.
MSP430Pxxx or MSP430Exxx have no internal pullup resistor. They should be terminated
according to the device data sheet.

8§ The TDO/TDI pin should be terminated according to the device data sheet.

Example

The software example writes one byte into the EPROM with the fast program-
ming algorithm. The code is written position-independent, and will have been
loaded to the RAM before it is used. The programming algorithm runs during
the programming sequence in the RAM, thus avoiding conflict when the
EPROM is written. The data (byte) that should be written is located in the RAM
address BurnByte. The target address of the EPROM module is held in the
register pointer defined with the set directive. The timing is adjusted to a cycle
time of 1us. When another cycle time/processor frequency is selected, the
software should be adjusted according to the operating conditions.



EPROM Operation

Example C-3. Programming EPROM Module With Controller’s Software

Yy
DE
FO
yyyy 9A
Yy
BC
DE
56
FO
78
R9| XXXX | J& 9A
12
BC
34
56
[ X X ]
78
12
34
Yy

Example: Write data in yyyy into location xxxx
BumByte = (yyyy) = (9Ah)
R9 = xxxx

The target EPROM module cannot execute the programming code sequence
while the data are being written into it. In the example, a subroutine moves the
programming code sequence into another memory, for example, into the
RAM.

Example C—4. Subroutine

(Start Of Subroutine: Load_Burn_Routine)

Source Start Address Of The Code Sequence>>R7
Destination Start Address Of The Code Sequence>> R10

Move One Word: (R7) >> (R10)
Increment Source and Dest. Pointer in R7 and R10

No

End Of Source Code?

(End Of Subroutine: RET)
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Code

C.5 Code

Definitions used in Subroutine :
; Move programming code sequence into RAM (load_burn_routine)
; Burn a byte into the EPROM area (Burn_EPROM)

EPCTL .set 054h ; EPROM Control Register
VPPS set 2 ; Program Voltage bit
EXE set 1 : Execution bit
BurnByte .set 0220h ; address of data to be written
Burn_orig .set  0222h ; Start address of burn
; program in the RAM
loops .set 25
r_timer .set r8 ; lus = 1 cycle
pointer .set r9 ; pointer to the EPROM address
; 9 is saved in the main routine
; before subroutine call is executed
r count .set rl0
Ip set 3 ; decr_timer :1cycle :loop_t100
;jnz : 2 cycles : loop_t100
ov set 2 ; mov #(100—ov)/Ip,r_timer : 2 cycles

; Load EPROM programming sequence to another location e.g. RAM, Subroutine

;— The address of Burn_EPROM (start of burn EPROM code) and
;—— the address of Burn_end (end of burn EPROM code) and

—— the start address of the location of the destination

;—— code area (RAM_Burn_EPROM) are known at assembly/linking time

RAM_Burn_EPROM
load_burn_routine

.set Burn_orig

push r9

push rl0

mov #Burn_EPROM,R9 ; load pointer source

mov #RAM_Burn_EPROM,R10 ; load pointer dest.
load_burnl

mov @R9,0(R10) ; move a word

incd R10 ; dest. pointer + 2

incd R9 ; source pointer + 2

cmp #Burn_end,R9 ; compare to end_of_table

jne load_burnl

pop r9

pop r1o

ret

; Program one byte into EPROM, Subroutine

;—— Burn subroutine: position independent code is needed
; since in this examples it is shifted to RAM >> only

;— relative addressing, relative jump instructions, is used!
;—— The timing is correct due to 1us per cycle

Burn_EPROM
dint ; ensure correct burn timing
mov.b #VPPS,&EPCTL ; VPPS on
push r_timer ; save registers
push r_count ; programming subroutine
mov #loops,r_count ;2cycles=2us

Repeat_Burn

mov.b &BurnByte,0(pointer) ; write to data to EPROM
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bis.b #EXE,&EPCTL

mov
wait_100

dec r_timer

jnz wait_100

bic.bo #EXE,&EPCTL

mov #4,r_timer
wait_10

dec r_timer

jnz wait_10

cmp.b  &BurnByte,0(pointer)
Burn_EPROM_bad

jne

#(100—ov)/Ip,r_timer

Code

; 6 cycles =6 us
; EXE on
; 4 cycles =4 us
; total cycles VPPon to EXE
; 12 cycles = 12 us (min.)
;:;programming pulse of 100us
;:starts, actual time 102us

’.;:EXE / prog. pulse off

;:wait min. 10 us
;:before verifying

;:;programmed EPROM

;:location, actual 13+ us

; verify data = burned data
; data  burned data > jump

; Continue here when data correctly burned into EPROM location

mov.b &BurnByte,0(pointer)
bis.b #EXE,&EPCTL

; write to EPROM again
; EXE on

; Number of loops for
; successful programming

;:;programming pulse of
;:3*100us*N starts

;:EXE off / VPPS off

; not ok : decrement
; loop counter

add #(0Offffh—loops+1),r_count
final_puls

mov #(300—ov)/Ip,r_timer
wait_300

dec r_timer

jnz wait_300

inc r_count

jn final_puls

clr.b &EPCTL

jmp Burn_EPROM_end
Burn_EPROM_bad

dec r_count

jnz Repeat_Burn

inv.b &BurnByte

Burn_EPROM_end

pop r_count
pop r_timer
eint

ret

Burn_end

; loop not ended : do
; another trial
: return the inverted data
; to flag
; failing the programming
; attempt the EPROM address
; is unchanged
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