Week 3
Further into the MSP430
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MSP430MtFaFbMc

*  Mt: Memory Type
e C:ROM
* F:Flash
* P:0OTP
* E: EPROM (for developmental use. There are few of these.)

* Fa, Fb: Family and Features
* 10, 11: Basic
e 12, 13: Hardware UART
* 14: Hardware UART, Hardware Multiplier
* 31, 32: LCD Controller
* 33: LCD Controller, Hardware UART, Hardware Multiplier
* 41: LCD Controller
* 43: LCD Controller, Hardware UART
* 44: LCD Controller, Hardware UART, Hardware Multiplier

*  Mc: Memory Capacity
* 0:1kb ROM, 128b RAM
: 2kb ROM, 128b RAM
: 4kb ROM, 256b RAM
: 8kb ROM, 256b RAM
: 12kb ROM, 512b RAM
: 16kb ROM, 512b RAM
: 24kb ROM, 1kb RAM
: 32kb ROM, 1kb RAM
: 48kb ROM, 2kb RAM
: 60kb ROM, 2kb RAM
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Example

* The MSP430F435 is a Flash memory device with an LCD controller, a
hardware UART, 16 kb of code memory, and 512 bytes of RAM.



Microcontroller characteristics
* Integration: Able to implement a whole design onto a single chip.

 Cost: Are usually low-cost devices (a few S each);

* Clock frequency: Compared with other devices (microprocessors and DSPs),
MCUs use a low clock frequency:

* MCUs today run up to 100 MHz/100 MIPS (Million Instructions Per Second).
* Power consumption: Low power (battery operation);
* Bits: 4 bits (older devices) to 32 bits devices;
* Memory: Limited available memory, usually less than 1 MByte;

* |Input/Output (I/0): Low to high (8 to 150) pin-out count.



MSP430 main characteristics (1/3)
* Low power consumption:
* 0.1 pA for RAM data retention;
* 0.8 pA for real-time clock mode operation;
* 250 pA/MIPS during active operation.

Low operation voltage (from 1.8 V to 3.6 V);

<1 ps clock start-up;

< 50 nA port leakage;

Zero-power Brown-Out Reset (BOR).



MSP430 main characteristics (3/3)
* Flexibility:

* Up to 256 kByte Flash;

* Up to 100 pins;
USART, 12C, Timers;
LCD driver;
Embedded emulation;
And many more peripherals modules...

* Microcontroller performance:
* Instruction processing on either bits, bytes or words
* Reduced instructions set;
e Compiler efficient;
* Wide range of peripherals;
* Flexible clock system.

* 1.8-3.6V operation



MSP430 Architecture
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MACRHINE VS. ASSEMBLY LANGUAGE

( Machine Language Instructions
=  Sequence of zeros and ones understood by the CPU
= Hard to read by humans
= Consists of several fields
= Opcode, source and destination fields, and an optional datum
d Assembly Language Instructions
= A human understandable notation for machine language
= One assembly instruction per machine language instruction
=  Consists of several fields
= A mnemonic followed by zero or more operands
1 Assembly Process
=  Converts an assembly language program into a machine language program



Machine vs Assembly language

Machine Assembly

language language

480D mov R8,R13
5079 006B add.b #0x6B,R9
23F1 jnz O0x3E2

[ 300 reti

Copyright 2009 Texas Instruments
All Rights Reserved



Computer Instructions

Computer Instructions

 Computer program consists of a sequence of instructions
* instruction = verb + operand(s)

* stored in memory as 1’s and 0’s
* called machine code.

* Instructions are fetched from memory

* The program counter (PC) holds the memory address of the next
instruction (or operand).

e The instruction is stored internal to the CPU in the instruction
register (IR).

* Programs execute sequentially through memory

e Execution order is altered by changing the program counter (PC).

* A computer clock controls the speed and phases of instruction
execution.




Computer Instructions

Machine vs Assembly Code

Machine Code Assembly Code
0100000000110001 mov.w #0x0600,r1
0000011000000000
0100000010110010 mov.w #0x5ale,&0x0120
0101101000011110 Assembler
0000000100100000
0100001100001110 mov.w #0,r14
0101001101011110 add.b #1,r14
1111000001111110 and.b #0xO0f,ri14
0000000000001111
0001001000110000 Disassembler ) push  #0x000e
0000000000001110
1000001110010001 sub.w #1,0(r1)
0000000000000000
0010001111111101 jne $-4

0100000100111111 mov.w @rl+,r15

ISA 11



Computer Instructions

Anatomy of Machine Instruction

“Add the value in Register 4 to the value in Register 5”

(

add ri,rs |:>

1. Verb — Opcode (defines operation & operands)

How many N
source/destination
registers can

selected with a

4-bit field? Y

2. 1st object - S ource operand
How many

3. 2nd object - Destination operand instructions are
possible with a
K4—bit op-code? )




MSP430 ISA

MSP430 Bus Architecture

u lMemory Address Bus (uni-dir¢ctional) |
o reSS Space — number o ihle
memory locations (memory size)

. [\/Iemory Data Bus (bi}d-i-re-eticr‘.a!)

* Addressability = # of bits stored in each
memory location (8-bits).

» Words are always addressed at a
address (little endian).

MAB 16

MDB 16 ¥
a

\ 4 y

| Analog | |
. _.|Peripheral| |

o [Sixteen 16-bit registers

= Program Counter (R0O), Stack Pointer (R1), Status
Generator (R3), General Purpose Registers (R4-

16-bit ALU (Arithmetic and Logic Unit) ]

y V

= The master clock (MCLK) drives the CPU and ALU logic.

BYU CS 224 ISA
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MSP430 Memory Architecture

Flash / ROM — Use r both code/data
= Interrupt vectors - UppeNL6 words

= RAM (0x0200) — Volatile stora

= | Input / Output

m Getinformationin an

t of the computer.

s External devices attached to
peripherals.

= Lower 512 bytes (0x0000 - Ox01FF) of addres
= 16-bit peripherals (0x0100 - OX0O1FF)
= 8-bit peripherals (0x0010 - OxO0FF)
= Special Function Registers — Lower 16 bytes

mputer are called

BYU CS 224 ISA

Flash (ROM)

MSP430 ISA

Interrupt Vectors

FLASH
Main Memory

Peripherals

OXFFFF

0x0200

SFR’s

0x0000

14
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MSP430 Ports

s Computer communicates with

external world thru 8 bit memory

locations called Ports.

= Each Port bit is independently
programmable for Input or Output.

= Edge-selectable input interrupt
capability (P1/P2 only) and
programmable pull-up/pull-down
resistors available.
m Port Registers
= PxIN —read from port
= PxOUT — write to port

= PxDir — set port direction (input or
output)

ISA

MSP430 Ports

15



Instruction Formats

MSP430 Instructions

* The first 4-bits (nybble) of an instruction is called the opcode
and specifies the instruction and format.

* The MSP430 ISA defines 27 instructions with three instruction
formats: double operand, single operand, and jumps.

 Single and double operand instructions process word (16-bits)
or byte (8-bit) data operations. (Default is word)

* Orthogonal instruction set — every instruction is usable with
every addressing mode throughout the entire memory map.

* Includes high register count, no paging, stack processing,
memory to memory operations, constant generator.



MSP430 Instructio

RO

BYU CS 224

Program Counter

Instruction Register

15 14 13 12 11 10 9 8 7

6

5

4

0|1(0|0|0|1]|0(1|0

0

0

0

VY V.V VY

Opcode 0000

0001

0010

0011

0100

0101

0110

4to 16 | 0111

Decoder | 1000

1001

1010

1011

1100

1101

1110

1111

MSP430 Instructions

1 cycle needed to
fetch instruction

Memory

0

mov.w r5,r4

rrc.w r5

jc main

mov.w #0x0600,r1

OOI—‘OOH

o|lo|o|o|o
O |, |O|O |
R |lo|Rr|O|R

oO|lOo |, |O|O

oO|oOo|O |+ | O
| Ok, |O|O
O |O |k, |O|Fr
o |Oo |+ |O|O
O |, |k |O|O
O |, |O|O|O
oO|lo|o|o| o
O |1O (kL |k |F

0
1
0
0

oO|o|o|Oo| o

O |+, |O |k, |O

Opcode

Instruction

Format

0000

Undefined

0001

RCC, SWPB, RRA, SXT, PUSH, CALL, RETI

ISA

Single Operand

17



MSP430 Instructions

MPS430 Instruction Formats

* Format I: Instructions with two operands:
15 14 13 12 11 10 9 8 7 6 ) 4 3 2 1 0

Opcode “% S-req Ad J b/w As D-reg
Opcodes 4-15

= Format Il: Instruction with one operand:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Opcode (4 + 5 bits) b/w As D/S-reg
\ Opcode 1 ]

= Format Ill: Jump instructions:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Opcode (4 + 2 bits) | 10-bit, 2’s complement PC offset
i Opcodes 2-3 |

BYU CS 224 ISA




Double Operand Instructions

Format |: Double Operand

Mnemonic Operation Description

Arithmetic instructions

ADD(.B or .W) src,dst src+dst—dst Add source to destination
ADDC(.B or .W) src,dst src+dst+C—dst Add source and carry to destination

DADD(.B or .W) src,dst
SUB(.B or .W) src,dst

SUBC(.B or .W) src,dst

src+dst+C—dst (dec)
dst+.not.src+1—dst

dst+.not.src+C—dst

Decimal add source and carry to destination
Subtract source from destination

Subtract source and not carry from destination

Logical and register control instructions

AND(.B or .W) src,dst
BIC(.B or .W) src,dst
BIS(.B or .W) src,dst
BIT(.B or .W) src,dst

XOR(.B or .W) src,dst

src.and.dst—dst
.not.src.and.dst—dst
src.or.dst—dst
src.and.dst

src.xor.dst—dst

AND source with destination
Clear bits in destination

Set bits in destination

Test bits in destination

XOR source with destination

Data instructions

CMP(.B or .W) src,dst

MOV (.B or .W) src,dst

dst-src

src—dst

Compare source to destination

Move source to destination




Single Operand Instructions

Format Il: Single Operand

Mnemonic

Operation Description

Logical and register control instructions

RRA(.B or .W) dst

RRC(.B or .W) dst
SWPB (.W) dst
SXT (.W) dst

MSB—->MSB-... Roll destination right
LSB—-C

C—o>MSB—-...LSB—->C Roll destination right through carry

Swap bytes Swap bytes in destination

bit 7—bit 8...bit 15 Sigh extend destination

PUSH(.B or .W) src SP-2-5SP,src>@SP Push source on stack

Program flow control instructions

CALL dst

RETIT

SP-2—5SP, Subroutine call to destination
PC+2->@SP
dst—>PC

@SP+-5SR, @SP+—»>SP Return from interrupt




Jump Instructions

Format IlI: Jump Instruction

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Opcode + Condition 10-bit, 2’s complement PC offset

e Jump instructions are used to direct program flow to another
part of the program (by changing the PC).

* The condition on which a jump occurs depends on the
Condition field consisting of 3 bits:
* JNZ/INE  000: jump if not equal (Z=0)
« JZ/IEQ 001: jump if equal (Z=1)
 JNC/JLO  010: jump if no carry (C=0)
* JC/JHS 011: jump if carry (C=1)
e JN100: jump if negative (N = 1)
* JGE 101: jump if greater than or equal (N = V)

e JL110: jump if lower (N # V)
« JMP 111: unconditional jump



Different Machine Instructions for MSP430

(a) 0100i1000{0000if 10 1
OpCode : Source im‘(’;\:?i”gi Destination
Info . Info
other info

Instruction 480D [R13 «—R8]

(b) 010150000}011151101 0100100000001 101
i Source ; Addressing i Destination
OpCode { Info ' Mode& i Info Datum (source operand)
other info
Instruction 5079 0068 [R9 <«— 0x0068 ]
(c) (d)
001000;1111110001 000100110000000O00
OpCode ! PC Offset/2 OpCode
) , [ 1. SR<«—(SP); 2. SP<—SP+2;
Instruction 23F1h [If Z=0 then PC «—— PC-30] Instruction 1300

3. PC <— (SP); 4. SP =— SP+2 ]

Fig. 3.23 Four machine language instructions for the MSP430

Copyright 2009 Texas Instruments
All Rights Reserved



Basic Assembly Process

1
Other Other object
files - files & Libraries
Assembly
Source ——>| Assembler l
Object 3] Linker |——»| Executable

file file

Fig. 3.24 Basic assembly process



TOOLS FOR MSP430

Table 3.7 Programming and debugging tools for MSP430

Site Simulator C compiler Assembler Linker
CCS X X X X
IAR X X X X
mspgcc X X X
naken X X X
pds-430 X X X

cdk4msp X

mcc-430 X

Copyright 2009 Texas Instruments
All Rights Reserved



P1.0

MSP430

\/%

Voltage at Pin P1.0

On Off On Off On Off
LED State

Fig. 4.1 Simplified hardware connection diagram for LED in board



p
(@) ( smrr ) (b) ( smrr ) g
l Set up stack COUNT = Delay
Housekeeping l
and B
Hardware setup Stop WDT D
'l' COUNT = COUNT -1
- Set Bit 0 of
Port 1 as output i
Toggle LED ('\: COUNT = 07?
State g YES NO
l Y
Toggle LED
Hold LED State State

for a time interval [‘j

Fig. 4.2 Flow diagram for the blinking LED: a General Concept; b Expanded flow diagram



Assembler Primer

Assembler Coding Style

; blinky.asm: Software Toggle P1.0
.cdecls C,"msp430.h" ; MSP430 C header
.def RESET

DELAY .e 0 . .
e Put defines & variables

.bss cnt, 2 here riable

. text ; begin code
C000: 4031 0280 mov.w #0x0280,SP ; init stack ptr
C004: 40B2 5A80 0120 mov.w #WDTPW+WDTHOLD , §WDTCTL ; stop WDT
COOa: DED2 0022 bis.b #0x01, &§P1DIR ; set P1.0 output
COOe: E3D2 0021 xor.b #0x01, &P10UT Start executable code
C012: 4380 41EC mov.w #DELAY, cnt after .text directive
C016: 8390 41ES8 W #1,cnt ; delay over?
COla: 23FD delaylp ;N
COlc: 3FF8 jmp mainloop ; Yy, repeat

.sect
.word
.end

" . reset" ; RESET wvector

Put start label here SET . start address

BYU CS 224 ISA



Listing 4.1: C Language Listing
1| #include <msp430x12x.h>
2| void main(void)
3] { WDTCTL = WDTPW + WDTHOLD, /* Stop watchdog timer */
4 P1DIR |= 0x01; /* Set P1.0 to output direction */
5 for (;;)
6 { unsigned int i;
7 P10UT "= 0x01; /* Toggle P1.0 using ex-or */
8 i = 50000; /* Delay */
9 do (i--);
10 while (i != 0);
11 }
12| }

Fig. 4.3 C language code for LED toggling
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Listing 4.2: Binary Machine Language

0100000000110001
0100000010110010
1101001111010010
1110001111010010
0100000000111111
1000001100011111
0010001111111110
0011111111111001

0000001100000000
0101101010000000
0000000000100010
0000000000100001
1100001101010000

0000000100100000

Listing 4.3: Hex

4031
40B2
D3D2
E3D2
403F
831F
23FE
3FF9

0300
5A80
0022
0021
C350

0120

Fig. 4.4 Executable machine language code for the example of Fig. 4.1




Listing 4.4: Assembly Version Hex Machine Lang.

1 mov.w #0x300, SP 4031 0300

2 mov.w #0x5A80 ,&0x0120 40B2 5A80 0120
3 bis.b #001,&0x0022 D3D2 0022

4 Xor.b #001 ,&0x0021 E3D2 0021

5 mov.w #0xC350,R15 403F C350

6 dec.w R15 831F

7 jnz 0x3FC 23FE

8 jmp 0x3F2 3FF9

Fig. 4.5 Assembly version for Fig. 4.4—Hex machine version shown for comparison
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Listing 4.5: Assembly Code

;Constants Declarations

#include
LED
DELAY
#define

El

RESET
StopWDT

SetupP1

»

Mainloop
Wait

L1

"msp430g2231.h"
EQU 0x0001 ;
EQU 50000 ;
COUNTER R15

LED at P1.0

ORG OF800h ;S8tart Code
mov.w #300h, SP ; Set stack
mov.w #WDTPW+WDTHOLD ,&WDTCTL

; Stop WDT
bis.b #001h,&P1DIR ;P1.0 output
xor.b #LED ,&P10UT ; Toggle P1.0
mov.w #DELAY ,COUNTER

;Load Delay to Counter
dec.w COUNTER ; watt
jnz L1 ; Delay over?
jmp Mainloop ; Again

Hex Code

4031 0300
40B2 5A80 0120

D3D2 0022

E3D2 0021
403F C350

831F
23FE
3FF9

Fig. 4.6 Assembly language code for Fig. 4.4




Fig. 4.7 Example of a list file F80A: D3D2 0022 SetUpP1  bis.b #001h,&P1DIR

instruction Machine [ang. Assembly Language Instruction
Address  Instruction y Languag

SetupP1 |:1i.~;£ #001h, &PIDIR ; P1.0 Output

— — . T i
Label Mnemonics Operands Comment

e Mnemonic src, dst or
* Mnemonic operand
* Mnemonic

* .b suffix represents byte size operand
e .w suffix represents word size operand



Directives

* Directives are for the assembler only!

* They do not translate into machine code or data to be loaded into
microcontroller memory

* They serve to organize the program,
* Depends on the assembler ®

* Some examples:

* EQU and #define
* LABEL EQU <Value or Expression>
* #define <Symbolic Name> Value or expression or register

* #include
e #include “filename”

* ORG



Directives

F800 4031 0300
F804 4082 5A80 0120
F80A D3D2 0022

FEESET
StopWDT

ORG

movwv .
movwv.
bis.

OFE00h

#300h, 5P
#WDTPW+WDTHOCLD , & WDTCTL
#LED ,&P1DIR

-
r

Set stack
Stop WDT
Pl1.0 output



register

Fig. 4.8 Information for
watchdog timer control regis-
ter (WDTCTL) (Courtesy of

Texas Instruments, Inc.)

nformation for watchdog timer control

bit15 bit8
Bits 15-8 normally 69h; WDTPW=5Ah for writling
bit7 bith bit5 bitd bit3 bit2 bit1 bit 0
WDTHOLD |[WDTNMIES | WDTNMI  |WDTTMSEL |WDTCNTCL|WDTSSEL | WDTIS1 WDTISO

Table 4.1 Symbolic constants associated to watchdog timer control register (WDTCTL)

Comment

Name Number
WTDCTL 0x0120
WTDPW Ox5A00

WTDHOLD  0x0080
WDTNMIES  0x0040
WDTNMI 0x0020
WDTTMSEL 0x0010
WDTCNTCL  0x0008
WDTSSEL 0x0004
WDTISx (bits 1, 0)

Register address

Required to make changes

When set, stops WDT

selects the interrupt edge for the NMI interrupt when WDTNMI = 1
Selects pin RST/NMI function: O for Reset, 1 for NMI

WDT working mode: 0 for WDT, 1 for interval timer

Resets or clears the counter when set
WDT clock source select: 0 for SMCLK, | for ACLK
WDT interval select. (Explanation below)

Mov #0x05A80, &0x0120



register

Fig. 4.8 Information for bit15

nformation for watchdog timer control

watchdog timer control regis-

ter (WDTCTL) (Courtesy of

Texas Instruments, Inc.)

bit8
Bits 15-8 normally 69h; WDTPW= 5Ah for writling
bit7 bite bitd bit4 bit3 bit2 bit1 bit 0
WDTHOLD |[WDTNMIES | WDTNMI  |WDTTMSEL |WDTCNTCL|WDTSSEL | WDTIS1 WDTISO

Table 4.2 Symbolic constants associated to watchdog timer control register (WDTCTL)

Name b1-b0 value Using bits Time interval

WTDIS_O 0x00 None Watchdog clock source/32768
WTDIS_1 0x01 WTDISO Watchdog clock source/8192
WTDIS_2 0x02 WTDISI Watchdog clock source/512
WTDIS_3 0x03 WTDIS1+WTDISO Watchdog clock source/64

mov #WDTPW+WDTTMSL+WDTCNTCL+WDTSSEL+WDTISO,&WDTCTL



Labels

* Entry statement of main code or ISR (Interrupt Service Routine).
* Entry statement of subroutine
* |nstruction to which a reference is made

MOV.W #Mainloop, R6 ; R6=F80EH
MOV.W Mainloop, R6 ; R6=E3D2H
CALL #Mainloop ; CALL A SUB WITH OXFSOEH



=1 O QO b = O D 00 =] OO s L2 b2 =D D 00 ] OO L b

LB = O 00 1O W= o0

Reset vector Allocation

slescription:

Demo

Taggle P1.0

- Software Toggle F1.0

B R

MSP4300G2xxl

by zeor'dng P1.0 inside

Loop.
MCLK = SHCLK = default DCO
MEP4{30G2zx]
XIwj/-
!
xour|-
i

ORG
bW
END

J af a software
H ACLK = n/a,
i Y
i I
: --IRS
; /
; /
i Based on code
B Texaz Instruments
: Jetober 2010
H Built with
#include
LED EQU
DELAY EQU
fdefine
ORG
RESET mov .
StopWDT mov.
SetupPl bis.
Mainleoop xor.b
Wait mov .
L1 dec .
jnz
jmp

written by D.

P1.0|==>LED

LDang
Inc.

IAR Embedded Workbench Version:
R R R AR RN F R R AR AR E IR F R F IR E NS
"mepdd0g2231 . .h" H

01lh
50000

COUNTER R15 H

OFEQ00R ;i Program Reset
#0300h,5P ; Initialize stack
#WDTPE+WDTHOLD ,EWDTCTL ; Step WOT

#001h EPIDIR H

SLED ,EPL1OUT i
#DELAY ,COUNTER N
COUNTER ;
Li H
Mainlocap H

OFFFEQh h
RESET i

5.10

standard constants
;LED at pin P1.0

R15 as counter

P1.0 output

Teggle LED

Delay to counter

Decrement
Delay ower?®
Again

Address for
RESET Vector

counter

Documentation

Constants
Declaration

Absolute directive

Executable
Code

Reset vector

= _ 4 11

A e b tiadb TATY Joimdnamie man Il o et o o T TN 7 s s sat o ot

allocation

Tonw n %

Y Tan i ans 5ans oo ey



ADDRESSING MODES

J Addressing modes tell the CPU how to obtain the data
needed to execute an instruction

d The data may be
= Explicitly supplied with the instruction
=  Stored in a CPU register
= Stored at a memory location
= Stored in an 1/0 device register
d Implicit Addressing Mode
= Operand is implicit to the instruction



ADDRESSING MODES

d Immediate Addressing Mode
=  Syntax: #Number
J Register Addressing Mode
= Syntax: Rn
1 Indexed Addressing Mode
=  Syntax: X(Rn)
J Absolute or Direct Mode
= Syntax: &X address is X
 Indirect Register Mode

= Syntax: @Rn
(] Direct Mode X -> address is X



Addressing Modes

Addressing Modes

15 14 13 12 11 10 9 8 7 6 3 2 1
Opcode S-reg Ad | b/w As D-reg
Address Mode  As/*Ad Registers  Syntax
Register *00 RO-R2, R4-R15 Rn
*00 R3 #0
Symbolic *01 RO address
Indexed Register *01 R1, R4-R15 index(Rn)
Absolute *01 R2 &address
01 R3 #1
Register Indirect 10 RO-R1,R4-R15 @Rn
10 R2 #4
10 R3 #2
Immediate 11 RO #number
Indirect auto-inc 11 R1,R4-R15 @Rn+
11 R2 #8
11 R3 #-1

ISA

41



Addressing Modes

* The locations are specified using various addressing modes. There are seven of these
in all but we look at only some of them.

* A single character denotes the mode in the operand.

* immediate, #: The value itself (word or byte) is given and stored in the word following the
instruction. This is also known as a literal value.

* absolute, &: The address of a label in memory space is given and stored in the word following the
instruction.

@ The address of a register in memory space is given and stored in the word following the
instruction.

* register, R: This specifies one of the 16 registers in the CPU.



Immediate

mov.b #00001000b,&0x0029 ; LED2 (P2.4) on,
- LED1 (P2.3) off

* A byte with immediate value (#) 00001000b is copied to the register at address (&)
0x0029.

* check the memory map you can confirm that this is the port P2 output register
P20OUT.

* Fortunately the assembler allows us to use symbolic constants as in C, which are
much clearer to understand. It substitutes their values from the header file:

mov.b #00001000b,& P20UT ; LED2 (P2.4) on, LED1 (P2.3) off

* The header file includes a set of constants such as BIT3, which could be used
instead of 00001000b.
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Addressing Modes

11 w/RO = Immediate Mode

opcode S-reg Ad b/w As D-reg

0 1 0 1 0]o0

~
SSSs_ cru
SSs
IR &4, Registers

0x0000

o
-’ 7
,/, pata Bus (1 cycle)

PC-> |

98
s e,
C/e /

2 Cycle Instruction I_ - T

ISA

OxFFFF

44



Register Addressing Mode

* mov.w R5 ,R6 ; move (copy) word from R5 to R6

* The PCis incremented by 2 while the instruction is being fetched,
before it is used as a source.

* As =00



00 =

BYU CS 224

Addressing Modes

Register Mode

opcode

pata Bus (1 cycle)

PC>

1 Cycle Instruction I_ _____

ISA 46

OxFFFF



Indexed Mode

 mov.b 3(R5),R6 ; load byte from address 3+(R5) into R6

* Indexed addressing can be used for the source, destination, or
both

e R5 is used for the index here
e As =01



Addressing Modes

01 = Indexed Mode

opcode S-reg Ad b/w As D-reg

0o 1 0 oo]o o LO

0O 1 0 1

0x0000

~
SSSL. CPU

NS

IR S <4 Registers

+2

PC>

3 Cycle Instruction I_ - T
OxFFFF
BYU CS 224 ISA

48



BYU CS 224

Addressing Modes

01 w/R2 = Absolute Mode

opcode S-reg Ad b/w As D-reg

0x0000

SO
~'& 4 Registers

+2

PC> 0000

3 Cycle Instruction I_ - T

ISA

OxFFFF

50



Indirect Register Mode

* mov.w @R5 ,R6 ; load word from address (R5)=4 into R6

* The address of the source is 4, the value in R5. Thus a word is loaded from
address 4 into R6. The value in R5 is unchanged.

* Indirect addressing cannot be used for the destination so indexed addressing
must be used

* mov.w R6 ,0( R5) ; store word from R6 into address 0+(R5)=4



Addressing Modes

10 = Ind|rect Register I\/Iode

opcode S-reg As D-reg

PC>

2 Cycle Instruction I_ - T
OxFFFF
BYU CS 224 ISA

52



Indirect Autoincrement

* mov.w @PC+,R6 ; load immediate word into R6

* PCis automatically incremented after the instruction is fetched and
therefore points to the following word.
* The instruction loads this word into R6 and increments PC to point to the

next word, which in this case is the next instruction. The overall effect is
that the word that followed the original instruction has been loaded into

R6.



Indirect Autoincrement Register Mode

* available only for the source

* mov.w @R5+,R6

e A word is loaded from address 4 into R6 and the value in R5 is
incremented to 6 because a word (2 bytes) was fetched.

» Useful when stepping through an array or table, where expressions of
the form *c++ are often used in C. Instead use:
* mov.w R6 ,0( R5) ; store word from R6 into address 0+(R5)=4
* incdwR5;R5+=2
* For indirect register mode W(S) = 10.
* For indirect autoincrement mode, W(S) = 11.



BYU CS 224

Addressing Modes
11 = Indirect Auto-increment Mode

opcode S-reg Ad b/w As D-reg
0o 1 0 1/o 1 o ofofo N1 o 1 o}
0x0000
esss - - — - L: : _____________ ]
e | TS CPU
-~ Data Bus (1 cycle) IR v~ Seo Registers -
PC> “mm————

< -
s =” | 0002
R
’/

y
y
~~

4

I
I
I
Data ys (+1 cycle)

2 Cycle Instruction I_ - T

ISA

OxFFFF

55



Constant Generator

* To improve code efficiency, the MSP430 "hardwires" six
register/addressing mode combinations to commonly used source
values, eliminating the need to use a memory location for the
immediate value:

* #0 - R3 in register mode

 #1 - R3 in indexed mode

e #4 - R2 in indirect mode

 #2 - R3 in indirect mode

* #8 - R2 in indirect auto-increment mode
e #-1 - R3 in indirect auto-increment mode



BYU CS 224

Addressing Modes

Constant Generator

~
-

PC 0000
> 0001

0002

0004

ffff

1 Cycle Instruction I_ - T

ISA 57

OxFFFF




Addressing Modes (C, C++)

register int x, y; Register mov.w r4,r5

y = x;

int a, b, tab[100]; Indexed Register mov.w tab(r4),rb
a = tab[b];

int* cow = &tab[0]; Indirect Register mov.w @ré6,rb
int cat = *cow;

int* cow = &tab[0]; Indirect Auto-increment mov.w @ré+,rb
int cat = *cow++;

int cat = 100; Immediate mov.w #100,r5
int cat = *(int*)100; Absolute mov.w &100,rb5
extern int dog; Symbolic mov.w dog,rb

int cat = dog;

BYU CS 224 ISA 58



(a) (b) (c)
025Eh| 246F 025Eh [ 246F 025Eh| 246F
025Ch| 0024 025Ch| 0024 025Ch| 0024
025Ah| Aco7 025Ah| AC97 025Ah| AcCo7
0258h | 823B 0258h | 823B 0258h | 823B
0256h | 1234 0256h | 1234 0256h | 1234
0254h | 3645 0254h | 3645 0254h | 3645
0252h | 2ABE 0252h | 2ABE .»0252h | 2ABE
0250n | 0504 0250h [ 0504 | o0250n| 0504
024Eh| 8700 024Eh | 8700 I 024Eh| 8700
R8: RS: "= R8:
R10: [ 32Fc R10: | 32FC R10: [ 32Fc
(d) (e) (f)

025Eh | 246F 025Eh[ 246F 025Eh [ 246F
025Ch| 0024 025Ch| 0024 025Ch| 0024
025Ah| ACO7 025Ah| Aco7 - ==025Ah| AC97
0258h | 8238 0258h | 823B I o0258n| 8238

« = »0256h | 32FC<— 0256h | 1234 | 0256h[ 1234

| 0254h | 3645 0254h | 3645 . 0254h| 3645

" 0252h | 2ABE 0252h | 2ABE I  o0252n| 2ABE

- 0250h | 0504 0250h | 0504 | 0250 [ 0504

8 024Eh| 8700 024Eh | 8700 . 024Eh| 8700

+

|

A R8: RS: | RS:

R10: [ 32FC = R10: I R [ Acer ¥
#0x025A I. . 0x025A

Fig. 3.33 Illustrating addressing modes. a Intial condition, b mov R8, R6, ¢ mov @RS, R6, d mov
R10, 56h(R6), e mov #0x025A, R10, f mov 0x025A, R10

Copyright 2009 Texas Instruments
All Rights Reserved



ADDRESSING MODE EXAMPLES

(a) (b) (c)
025Eh [ 246F 025Eh [ 246F 025Eh|[ 246F
025Ch| 0024 025Ch| 0024 025Ch| 0024
025Ah| Ace7 025Ah| Ace7 025Ah| AC97
0258h | 823B 0258h | 823B 0258h | 823B
0256h | 1234 0256h | 1234 0256h | 1234
0254h | 3645 0254h | 3645 0254h | 3645
0252h | 2ABE 0252h | 2ABE .>0252h | 2ABE
0250h | 0504 0250h | 0504 I 0250n | 0504
024Eh [ 8700 024Eh [ 8700 | 024En[ 8700
RS: RS: "= R8:
. [D7az
R10: [ 32FC R10: [ 32FC R10: [ 32FC
Initial State add R8, R6 sub @R8, R6
(d) (e) (f)
025Eh | 246F 025Eh | 246F 025Eh | 246F
025Ch| 0024 025Ch| 0024 025Ch| 0024
025Ah| AC97 025Ah| AC97 - =025Ah| AC97
0258h | 823B 0258h | 823B | o258n| 823B
« = »0256h | 20C8 0256h | 1234 | 0256h | 1234
1 0254h | 3645 0254h | 3645 «  0254h| 3645
| 0252h [ 2ABE 0252h | 2ABE | o0252n | 2ABE
- 0250h [ 0504 0250h [ 0504 | 0250n ["0504
B 024Eh| 8700 024Eh| 8700 . 024Eh| 8700
+
|
A RS: RS: - R8s
R10: [ 32FC R10: I Rio: [ 32Fc]]
l. . ox025A

xor R10, 56h(R6) and #0x025A, R10 cmp 0x025A, R10
(C=0, Z=0, N=1, V=1)

Fig. 3.34 [Illustrating addressing modes with arithmetic-logic instructions

Copyright 2009 Texas Instruments
All Rights Reserved



Addressing Modes (C, C++)

register int x, y; Register mov.w r4,r5

y = x;

int a, b, tab[100]; Indexed Register mov.w tab(r4),rb
a = tab[b];

int* cow = &tab[0]; Indirect Register mov.w @ré6,rb
int cat = *cow;

int* cow = &tab[0]; Indirect Auto-increment mov.w @ré+,rb
int cat = *cow++;

int cat = 100; Immediate mov.w #100,r5
int cat = *(int*)100; Absolute mov.w &100,rb5
extern int dog; Symbolic mov.w dog,rb

int cat = dog;

BYU CS 224 ISA 61



Exercise 3.2

Match the C code on the left with the possible assembly code in

NooakRowob=

the middle and the addressing mode on the right.

register int x, y;

extern int pig;

int cat, dog, table[100];
int* cow = &table[0];

Y=X;

cat = table[dog];
cat = *cow;

dog = *cow++;
cat = 100;

cat = *(int*)100;
cat = pig;

Q = ® OO0 T O

mov.w @r8,ré
mov.w r4,r5
mov.w #100,r6
mov.w table(r7),ré6
mov.w @r8+,r7
mov.w pig,r6
mov.w &100,r6

Vi.
Vii.

. Absolute
il
iii.
iv.

Indexed register
Indirect auto-inc
Indirect register
Immediate
Register
Symbolic



Core Instructions

Tahle 4.4 Core MSP430 instructions

Type Instruction Description ¥V N £ C
Data mov sro,dest  Loads destination with source - - - -
Transfer push src Pushes source onto top of stack - - - -
swpb dest Swap bytes in destination word - - - -
add src,dest  Adds source to destination * & & %
addc src,dest Adds source and carry to destination * % ok %
sub src,dest  Adds source + 1 to destination * & & %
Arithmetic { subtract source from destination)
subc src,dest AddsSource + CF to destination * 0k & %
{ subtract with borrow)
dadd src,dest Adds source and carry to destination * % % %
in Decimal (BCD) form?
cmp src,dest  dest — source, but only affects I'I:]g!-;'1 * & *
sxt dest Sign extend LSB to 16-bit word 0 = *




Core Instructions

Logic
and bit
management

Flow

and
XOT
bit
bic
bis
rra

rrc

src,dest
src,dest
src,dest
src,dest
src,dest
dest

dast

jz/jeqg label

jnz/jne label
jc/jhe label

jnc/jlo label

jn label
jge label

jl label

jmp label
call dest
reti

“AND"s source to destination bitwise
“XOR"s source to destination bitwise
Like and, but only affects flags®
Resets bits in destination

Sets bits in destination.

Roll bits to nght arithmetically, 1.e.,

By = Bn—1)...By— By— C
Roll destinations to right through Carry.,
C—Byg—=Bn—1)...By— By~ C
Jump if zerofequal (Z = 1)

Jump not zero/equal (£ = 0)

Jump if carry (C = 1) — if higher or equal—
(=, for unsigned numbers)

Jump if not carry (C = 0)— if lower,— -
{ =, for unsigned numbers)

Jump if negative (N = 1)
Jump it V =N

(=, for signed numbers)

Jump if VE£N

(if <. signed numbers)

Jump to label unconditionally

Call subroutine at destination
Return from interrupt

=2 % 2

-

= o

-

I For Flags: — means there is no effect; # there is an effect; “0”, flag is reset.
L Result is irrelevant if operands are not in format BCD

* Used to compare numbers, usually followed by a conditional jump

% Used to test if bits are set, usually followed by a conditional jump



Emulation

* The clear instruction clr.w or clr.b puts the value of the destination to 0. In
many processors this is a distinct instruction but not in the MSP430: The
assembler translates clr.b P20OUT to mov.b #0,P20UT. You can see this in the
Disassembly window of the debugger. This is an example of an emulated
instruction.

* The program in assembly language writes to P20UT before P2DIR, the
opposite order from the program in C. This ensures that the correct values
appear on the pins as soon as they are made into outputs.

* |f the pins are switched to output first, the outputs initially are driven to the
values that happen to be sitting in P20UT

* |tis perfectly legal to write to P20UT while the pin is configured as an input:
The value waits in a buffer until the pins are enabled for output.



Emulation

Table 4.5 Emulated mmstructions in the MSP430

Type Instruction Description Core Inst

Data pop dest Loads destination from TOS mowv ES5P+,dest

Transfer
adc dest Add carry to destination addc #0,dest
dadc sro,dest Decimal add Camy to destination addc #0, dest
dec dest Decrement destination sub #1.dest

Arithmetic decd dest Decrement destination twice suly #2,dest
ine dest Increment destination add #1,dest
ined dest Increment destination twice add #2,dest
shc dest Subtract Carry from destination subec #0,dest
tst dest Test destination cmp #0,dest
inwv dest Invert bits in destination xor #OFFFFh, dest
rla dest Raoll (shift) bits to lefi add dest, dast

Logic rlic dest Roll bits left through carry addc dest,dest

and bit clr dest Clear destination mow #0,dest

Management clrc Clear carry flag bic #1.S5R
clrz Clear zero Aag bic #2,S5R
clrn Clear negative flag bic #4,5R
satc Clear carry flag bi= #1,S5R
setz Clear zero Hag bi= #2,5R
setn Clear negative flag bis #4,5R
br dest Branch to destination mowv dest, PC

Program dint Disable intermupts bic #8,5R

Flow ceint Enable interrupts bi= #B,S5SR
LoD no operation mowv R3,R3

ret Returm from subroutine mow @5FP+, PC




Word and Byte Instructions

Instruction(s)

Register notation

After

mov.w RE,BE
mov.b R5,EBE&

mowv 2R&,RE&
mov.b 2RE,EBé

mowv @R5, 0 (&)

mov.b 8R5,1(R&)

Sequence:
mov E@R5+,.Ré

mowv @R5+,R15

Sequence:
mowv.b eR5+,Eb
mov.D @R5+,R15

mov.b Re, 0227

R6 «— R5

LSBi(R6) «— LSB(R5)
MSB(R&) « 00h

R6 «— (R3)

MSB(R6)«10,
LSB(R6)=—(R3)
(R6) «— (R5)

Byte(R6 + 1) < Byte(RS5)

R6 — (R5);
RS —R5+2
R15 «— (R5)

R —R5+2

MSB(R6)«0, LSB(R6)}—(R3);

R5 — R5+41

MSB{R15)«0, LSB(R15)—{R3):

R5 — R5+41
(022T)«—LSB(R6)

R5 = 03DA, R6 = 03DA
R5 = 03DA, R6 = 00DA

R5 = 03DA, R6 = 2B40,

[03DA] = 2B40

R5 = 03DA, R6 = 0040
[03DA] = 2B40

R5 = 03DA, R6 = 0226
[03DA] = 2B40,
[0226] = 2B40

R5 = 03DA, R6 = 0226
[03DA] = 2B40,
[0226] = 405A

R5 = 03DC, Ré = 2B440,

[03DA] = 2B40, [03DC] = 4580

E5 =03DE, R15 = 4580,
[03DA] = 2B40,
[03DC] = 4580

R5 = 03DB, R6 = 0040

[03DA] = 2B40
R5 =03DC, R15 = 002B
[03DA] = 2B40

R6 = 0226, [0226] = 265A

R5 = 03DAh, R6 = 0226h, R15 = BAF4h, [03DAh] = 2B40h, [03DCh] = 4580h

and [0226] = F35Ah.



Constant Generators

Operands in register mode requires less memory and faster processing times

* R3forimmediate values 0,1,2 and -1 (OxFFFF)
e R2 for immediate values 4 and 8 and absolute value O

Non-constant generation Constant generation
Assembly Machine Assembly Machine
[nstruction language Instruction language

4031 0300 bis.b #001,& 0x0022 D3D20022

mowv.w #0x300,5P bis
mov.w #0x5A8,& 0x0120 40B2SAS800120 xor.b #001,& 0x0021 E3D20021

mov.w #0xC350,R15 A403F C 350 sub.w #001,R15 831F




Types of Instructions

mData Transfer Instructions
="Copy data from a source to a destination

mArithmetic-logic Instructions
=Perform arithmetic and/or logic operations on operands

mProgram Control Instructions
=Modify the default flow of execution in a program



Table 4.6 Valid Operators in
expressions listed by
precedence order 1 + Unary plus symbol
— Unary minus symbaol
- |s complement
Logical NOT
* Multiplication
/ Division
% Modulo
+ Addition
— Subtraction
- Shaft left
= Shift nght
3 - Less than
=

Group Operator Meaning

Less than or equal to
Greater than

== Greater than or equal to
6 = Equal to

== Not equal to
7 & AND
: XOR
| OR




Data Transfer Instructions

J Copy data from a source to a destination destination < source
J Do not affect flags

J Included Instructions:

= Data transfer: MOVE

= Data exchange: SWAP

= Stack manipulation: PUSH & POP
J Treat |/0 locations like memory
= Memory-mapped |l/0O
= Examples:

MOV R8,R3 ; Copies the contents of R8 into R3
MOV (0xF348) ,R5 ; Copies into R5 the word at address F348h
PUSH R7 ; Copies onto the top of the stack the contents of R7



Arithmetic Logic Ops

J Perform arithmetic and/or logic operations on data
= destination <— (DestinationOperand L1 SourceOperand)

 Flags affected according to operation result

 Included Instructions:
= Arithmetic: ADD, SUB
= Compare and test: CMP, TEST
= Bitwise logic: AND, OR, XOR, NOT
= Bit Displacement: SHIFT, ROTATE
= Examples:

ADD R7,R5 ; Places on R5 the sum of the contents of R5 and R7
AND #05AD,R6 ; Places on R6 the bitwise result of anding the contents of R6 and the value 05ADh
ROTL R3 ; Rotates the contents of register R3 one position to the left



Arithmetic Logic Ops

Table 4.7 Anthmetic instructions for the MSP430

Core Instructions

Mnemonics Description Flags Comments

& Operands

add src.dest dest< src 4+ dest Normal Add src to dest

addc src,dest dest+— src 4 dest + C Normal Add with Carry

dadd src,dest BCD algorithm used in Special® Decimal version of
addc.

dest+— src 4 dest + C Data in BCD format

sub src,dest dest < dest+ .NOT.src+ 1 Normal Subtract src from dest.
(dest —
dest — src)®

subc src,dest dest +— dest + .NOT.sre 4+ C Normal Subtract with borrow

sbb srec,dast (dest +—
dest — src + C)P

cmp src,dest dest+ .NOT.src+ | Normal Only affect fags.

sxt dest M5B+« FFh=(Bit 7) Special® Word operand only.
Signed L5B
extended to 16 bit.

Emulated

Mnemonics Description Emulated Comments

& Operands Instruction

adec dest dest +— dest + carry addc #0,dest Add carry to dest.

dadc dest BCD version for adc dadd #0,dest

inc dest dest «— dest + 1 add #1,dest

incd dest dest «— dest + 2 add #2,dest

dec dest dest <— dest — 1 sub #1,dest

decd dest dest «— dest — 2 sub #2,dest

tst dest dest «— dest — 0 cmp #0,dest To test for sign or zero

C = 1 if result > 99 for bytes or result = 9999 for words; V is undefined

® Borrow needed if C = 0; Borrow = Carry
CC=NOTZ, V=0



Arithmetic Logic Ops

R5 = 35DA, R6 = EF26, R7 = 5469, RS = 0268,
[0268] = 364A, [026A] = 2FDI, [03BC] = 1087

dummy
Instruction Operation Results
Addition:
add R&,R6or
add.w R5,Ré& I5DAh+EF26h=12500h R6=2500 0o 0
add.b #0x26,.R5 26h + 0DAQ = 100h R5=0000

Decimal addition:

A. Assuming carry C=(.

dadd.b #0x96,Ré 0+96+26=122 R6=0022

B. Assuming carry C=1.

dadd R7,&0x03EC or

dadd.w R7,&0x03BC 145469+ 1087 = 6357 [03BC])=6557
Instruction Operation Results
Subtraction, which actually uses two's complement addition

sub 2 (RE),R6or

sub.w Z(R8).R6 EF26h+D02Eh+1h = 19F55h R6=9F35
sub.b #67,R5 0DAh + 0BCh+1h = 197h R5=0007
Sign extention

sxt RS Bit7=1: M5B(R3)«—FFh R5=FFDA
sxt R6 Bit7=0: M5B(R&)«—FFh R6=0026
Compare

cmp Ré,R7Tor
e o w BEORT SARUR=1TO9H+1 = /A54%H Mo chanee

- o
=]
=

==
==

=
o



Working with Bits

Bitwise operations work directly on bits

Table 3.4 Logic properties and applications

0.AND.X = 0; To clear specific bits in destination, the binary expression of the source
l1.AND.X = X has 0 at the bit positions to clear and 1 elsewhere (Fig.3.25a)
0.0R.X = X; To set specific bits in destination, the binary expression of the source
l1.0R.X =1 has 1 at the bit positions to set and 0 elsewhere (Fig.3.25b)
0.XOR.X = X; To toggle or invert specific bits in destination, the binary expression
1. XOR.X = X of the source has 1 at the bit positions to invert and 0 elsewhere
(Fig.3.25¢)
(a) (D) (c)
s [AJ1] ]o]1]1]o]1] s [ofoJo[1]oJoiJo] s [oJoJoJi]oJo]1]0]
M0y d bbb by R bbb v R v
dest [ X[X[X|X [X|X]X[X]  dest [X[X[X[X|X[X[X[X] dest [X[X[X]? |X[K]0[X]
dest | X[ X[x[0 [x[X|ox| dest [X[x[x[1]x[x[1{x]| dest |X[X[x[0[x[x]1]x]

Fig. 3.25 Using logic properties to work with bits | and 5 only

Copyright 2009 Texas Instruments
All Rights Reserved



Table 4.8 Logic and register control core instructions for the MSP430

Logic and register control core instructions

Core Instructions

Mnemonics Description Flags Comments

& Operands

and src,dest dest «— src. AND. dest Mormal Bitwise AND
xor sro,.dest dest < sro. XOR.dest See Mote * Bitwise XOR

bic sro,dest

dest<— ( .NOT . src). AND . dest Mot affected

Clear bits in dest
with mask src.

bi=z src,dest dest «— src.OR.dest MNot affected Set bits in dest
with mask src.
bit src,dest src.AND.dest Normal Test bits in dest
with mask src.
Only affects flags
rra dest by — by — -+ C—LSB Roll dest right
e by = C arithmetically.
rrc dest Copg = by — -~ C—LSB Rotate dest right
-- =+ by — Cgen logically through C.
Emulated Instructions
Mnemonics Description Emulated Comments
& Operands Instruction
inv dest bit(h)+«— .WOT . batifr) xor #0xFFFF,dest Inveris bits in dest.
rla dast C—bhg +—--- add dest,dest Roll dest lefi.
- by — 10
rlc dast Coew — bg — -+~ adde dest,dest Rotate dest left
- +— bp — Cpig through Carry.
clr dest dest «— () mow #0,dest Clears destination.
clre C 10 bic #1,5R Clears Carry flag.
clrn N«—0O bic #4,5R Clears Sign flag.
clre L1 bic 42,5R Clears Zero flag.
setc C+—1 bis #1.5R Sets Carry flag.
setn N«—1 bis #4,5R Sets Sign flag.
setz L+ 1 bis #2,5R Sets Zero flag.

C = NOT{Z). N reflects MSR, V = 1 if both operands are negative



Logic and register control core instructions

Example 4.8 Assume contents of the registers and memory before any instruction as

R12 = 25A3h = 0010010110100011, R15 = 8B94h = 1000101110010100,

[25A5h] = 6Ch = 01101100

fa) AND and BIT TEST
Instructions: and R15,R12 or
bit.w R1:5,R12

Operation:

and.w R15,R12 and bit R15,R12 or

Flags: C=1£=0N=0V =10

00100101 1010 0011 (R12) AND

1000 1011 1001 0100 (R15) =
QD00 0001 1000 (000

and R15,R12 yields
RI12 =0180 but
bit R15,R1Z leaves R12 unchanged

Instructions: and.b 2(R12),R15 andbit.b 2(R12),R15

Operation:

0110 1100 (Memory) AND
1001 0100 (LowByteR15) =
(000 0100 (new Low Byte R15)

Flags:C = 1Z=0N=0¥ =0

and.b Z{R12),R15 yields
RIS =0004, b
bit.b 2Z({R1Z),R1E leaves R15 unchanged.

Copyright 2009 Texas Instruments
All Rights Reserved

(b)) BIT CLEAR (BIC)
Instruction: bis R15,R12 orbis.w R15,R12

Operation: New Contents: R12 = 2423
010 0101 10100011 (R12) AND  Flags: not affected
011101000110 1011 (R15) =

0010 0100 0010 0011 (new R12)

Instruction: bic.b 2(R12),RI15

Operation: New Contenis: R15 = 0090
1001 0011 (Memory) AND Flags: not affected

1001 0100 (LowByteR15) =

1001 0000 (new Low Byte R13)

(c) BIT SET (BIS)

Instruction: bis R15,R12 orbis.w R15,R12

Operation: New Contents: R12 = AFB7
LO00 1011 1001 0100 (R15) OR

0 0101 10100011 (R12) = Fiags: not affected.

1010 1111 1011 0111

(d) XOR

Instruction: xor .b #0x75,R15

Operation: New Contents: R15 = 00E1
0111 0101 {0x75) XOR Flags: C=1Z=0N =1V =10
1001 0100 (LowByteR15) =

1110 0001



Logic and register control core instructions

(a) . () :
Before [ b15 b14 ... b2 bl b0 X b15 . .b8 b7 b6. .Db2 bl bo X
Ater | b15 b15 b14 ... b2 bl |—[po 0...0 b7 b7 b6 .. b2 b1]—>[1n0
(c) NC) 5
Before | b15 b14 ... b2 bl b0 Co b15. .b8 b7 b6. .b2 b1 b0 Co
Ater | Co b15 b14 ... b2 bl |=>|bo 0...0 Co b7 b6..b2 b1 | —>[po

+ -« -« -t + + - 4—*

Fig.4.15 Right arithmetic rolling (shifting):a rra.w destandbrra.b dest;Rightrotation
through carry: ¢ rrc.w destandb rrc.b dest

(a) . () c
Before [ b15 b14 ... b2 bt b0 | [x] [b15. .68 b7 b6. .02 b1 00| | X]
Ater | b15 b15 b14 ... b2 bl |—[po ] | 0...0 b7 b7 b6.. b2 b1|—>|b0 |
() o (d) .
Before [ b15 b14 ... b2 bl b0 | [Co] [b15..b8 b7 b6. .b2 b1 bO]  [Cof
After | Co b15 b14 ... b2 b1 |—>|b0| [0...0 Co b7 b6..b2 b1 [ —>[b0]

+ < < . + + < <% +

Fig. 4.15 Right arithmetic rolling (shifting):a rra.w destandbrra.b dest;Rightrotation
through carry: ¢ rrc.w destandb rrc.b dest



Logic and register control core instructions

Example 4.9 Each case below is independent of others. For all cases, contents of

register RS before instruction is: RS = 8EF5 = 1000 1110 1111 0101

{a) Right shift/rotations
Instruction: rra RS or rra.w RGE
Instruction: rra.b RE
Instructions: clc followed by rrc RS or rrc.w RS
(b) Left Shifts/Rotations

rra

Operation: 1000 1110 1111 0101 — 11000111 0111 1010(LSB 1= C)
New Contents: RS = CTTA  FlageC=1Z=0N =1V =0

Higher Byte  rrahere
rra

— e e
Operation: 1000 1110 1111 0101 — 00000000 11111010 {LSE 1= C)
New Contenis: RS = 00FA  Flags: C=1Z=0N=1IV =10

rra

Operation: C = Qand then 1000 1110 1111 0101 — 01000111 0111 1010 1= CF
New Contents: RS =4TTA  Flags:C=1Z=0N=0V =10

Instruction: rla RS eor rla.w RS, equivalent to add RE5,RE.

Operation: 1000 1110 1111 0101 yields C<—1 0001 1101 1110 1010
New Contents: RS = IDEA  FlageC=1Z=0N=0V =1

Instruction: rla.b RS, equivalent to add.b R5,R5

Operation: 1000 1110 1111 0101 = 0000 0000 1110 1010, C+1
New Contents: RS = WEA  Flagm: C=1Z=0N=1V =10

Instructions: setc followed by xrlc RS or rlc.w RE, equivalent to addc
R5,R5.

Operation: C = | and then 1000 1110 1111 0101 = 0001 1101 1110 1011 with 1= C
New Contents: R3 = IDEB FlagsC = 1Z=0N =0V = |



PROGRAM CONTROL INSTR.

d Modify the default flow of execution in a program
= PC <— NewAddress

1 Do not affect flags

 Included Instructions:
1 Unconditional Jump: Always change the PC
= Conditional Jump: Change the PC if condition is true
= Subroutine Calls and Returns: Transfer control from main to subroutines,

returning to the calling point
J Examples:

JMP #F345h ; Loads PC with the address 0xF345 so program execution continues there
JZ #F345 ; Loads PC with the address 0xF345 if the Zero Flag is set
CALL Subl ; Saves PC onto the stack and loads PC with address Subl. When special instruction

RET



CONDITIONAL

Conditional Jump Instructions enable decision making in programs

Flag condition?

(PC changed) (PC unchanged)

Fig. 3.26 Decision symbol associated to conditional jumps
Table 3.5 Conditional jumps

Mnemonics Meaning Mnemonics Meaning

jz Jump if zero (Z = 1) in Jump if negative (N = 1)
jnz Jump if not zero (Z = 0) ip Jump if positive (N = 0)

jc Jump if carry (C = 1) v Jump if overflow (V = 1)

jnc Jump if no carry (C = 0) jnv Jump if not overflow (V = 0)

Copyright 2009 Texas Instruments
All Rights Reserved



CONDITIONAL

Tahle 4.9 Program flow instructions for the MSP430

Core Instructions

Mnemonics Description Comments

& Operands

call dest Push PC and PC + dest Subroutine Call

jmz label PC «— label Unconditional jump (goto)

jc label If C = 1. then PC + label “Jump if carry™

(or jhs label) “Jump if higher than or same as™
jnc label If C =0, then PC « label “Jump if no carry™

(or jlo label) “Jump if lower than™

jge label If N =V, then PC + label “Jump if greater than or equal to”
jl label If N #£ V. then PC « label “Jump if less than™

jn label If N = 1. then PC +— #label “Jump if negative”

jnz label If Z = (. then PC + label “Jump if not zero™

(or jne label) “Jump if not equal”

jz label If Z = 1, then PC « label “Jump if zero”

(or jeqgq label)
reti

Pops SR and then Pops PC

“Jump if equal”
Return from intermupt

Emulated Instructions

Mnemonics Description Emulated

& Operands Instruction

br dest Branch (go) to label mov dest, PC

dint Disable Interrupts bic #8, SR
(GIE = 0 in SR)

eint Enable Interrupts bis #8, SR
(GIE = 1 in SR)

nop Mo operation mov B3, R3

ret Fetumn from subroutine mov @5P+, PC

Copyright 2009 Texas Instruments

All Rights Reserved



CONDITIONAL

rakuction aecing fags

(a)

eneraing conation
0 lest

(b) (€)

Fig. 4.18 [lustration of conditional jump operation: a Single Flag/condition; b AND-compound Teel tnat
: ¢ OR-compound statement TesList. - ---- N 5
statement; ¢ po E Jump_if_No Biock_No Jump_¥ _Yes Block _Yes
Block Yes: = = » - = B Jump_# No  Block_No
Table 4.10 Comparing A and B by A-B e es POLIEE, o omenets
H . NO YES End_Yes: Jump Continue Siaes
Case Unsigned numbers Signed numbers Block Noc- = = s &5 End Yes  Jump Continue
- - B Biock No: = = = = =
A=B Jeq J&q EndNo: - - - - = g
A#£B jne jne Corinus: - - - - = End_No ce-.
A=B jhs jee Confirue -
A<B jlo il

Fig. 4.20 IF-ELSE Structure a Flow chart, b and ¢ Assembly code examples

The pseudo code in the left column may be programmed by the instructions of the

b c '
= © right column:
T Test_Inst:
o3t Ingk - - - - -
Jump Mo Cortinue Jump_if_Yus Block Yes
Blogk Yes: - - - - = Jump it No  Conlinue
.____ Block Yes: - - - - -
End Yes: - - = -« -
Conlinug: = - - == Erd_‘fus.
Coptmua, - - - - -

Continue

Fig. 4.1% IF-Structure a Flowchart, b and ¢ Assembly code examples



LOOP

Correspondence between some flowcharts constructs and register transfer notation (RTN)

Initialize counter

(8)  [Ttalize counter (b) 4)%)

e - (PROCESS) s -
* counter - delay

Decrement counter

counter «— delay

Decrement counter

label: [ PROCESS ]

No
(inz)

(inz)

Counter =0?

jnz label

|
I
I

label: counter .«— counter - 1 : No
I
: inz label
I

1
|
1
1
!
counter-— counter-1 1
I
1
|
1
1

g

Fig. 3.27 Flow diagram and instruction skeleton associated to (a) delay loops and (b) iteration
loops



LOOP

The pseudo code in the left column may be programmed by the instructions of tf

right column:

Step 1.

Step 2.
Step 3.

Step 4.
Step 5.
Step 6.
Step 7.

Initialize Stepl:
pointer = NUMBERS,

SUM =0,

COUNTER = 2.

Read number & increment pointer. Bead:
If number is not multiple of 4, Step3:
go to step 2.

Add o SUM Stepd:
Decrement COUNTER. Steph:
If COUNTER # 0 go to step 2. Stepéb:
Store Result. StepT:

mor
mosr
mowr

mow
tst
jnz
add
dec
jnz
mow

#NUMBERS, R8
#0,Ro
#2,R10

2R3+ ,R11
#3,R11
Eead
El1l,.RS9

R1l0

Head

RS9, &RESULT

Fig. 4.22 WHILE-Loop structure: a Generic pseudo code: b Flowchart: ¢ Assembly structure

Fig. 4.23 REPEAT-UNTIL-Loop structure: a Generic pseudo code: b Flowchart; ¢ Assembly

structure

Copyright 2009 Texas Instruments

All Rights Reserved

(@)

Start (with test)

Mo
Conaition

frue?

Continue

>

l

@[ st )

Continue

(b)

Whila_test:  (lesling instruction)
ump_if False Cont
While_Loop:  {Procedurs)

End While: jmp  ¥Wnie_test

Conk -- - -=-

{Pravious code)

Repeal_Loop:  (Procedure)

Repeal_lesk {Tesl Iresfruction)
End_Repeat Jurrp_if_Talse Repaal Loop
Continus: {Cantinua with code)




LOOP

Example 4.14 A polling example

Let us illustrate polling with an example: a red LED and a green LED are driven
by pins P1.0 and Pi.6 of port I, respectively. An LED is on if the output at the pin
is high. A pushbutton is connected at pin P1.3, provoking a low voltage when down
and a high voltage when up. The objective of the code is to turn on the red LED
with the green LED off while the button is kept down, and conversely when it is up.
Figure4.24 illustrates the flow chart and code for the infinite loop of the main code.

This is only part of the complete source program.

Buita
L r'::ﬂ"'l'l"

Had Led On
Groen Led QOF

Irifinite loop

Butan up

Hed Led O
Green Led On

Test_Bufton:  bith #BIT3, P1IN
jnz GREEN_ON ; if buthon up
mav i #BITO, P10OUT ;if bufon down
jmp  Tesl_Buflon ; Tast agam
GREEN_OM: movlk #BITEP1OUT

jmp Tesi_Bufton  ; Test again

RED ORN:

Fig. 4.24 Polling a button down with LEDs: flowchart and code



STACK

A portion of memory used to temporarily store data
* Access through special register Stack Pointer (SP)
e Last-in-First-out (LIFO) operation
e Stack contents is volatile
Stack Operations
 PUSH: Places data on top of the stack
 POP (or pull) : Retrieves data from the top of the stack
e Other instructions and events modifying the stack
* Invoking and returning from a subroutine call
Responding and returning from an interrupt event



STACK

—_
QO
~

(b) (c)

—_
[a)

O—=-MNWPk OIOo N 0w
|
|
O—=-MNWPk OO~ W

—
o

—
o

O-=2MNWhk o110~ 00

Fig. 3.28 Illustrating the stack operation. a TOS = 5 for pushing, b TOS = 6 for pulling, ¢ After
pulling, new TOS = 7

Copyright 2009 Texas Instruments
All Rights Reserved



(a)

(b}

(c)

(d)

STACK

The stack i1s empty after the processor has been reset. The stack pointer should
contain the address of the last word used, but there 1s none vet. It must therefore
be initialized w the first address beyond the wop of RAM, 0x0280 in the [F201 3.
The hardware of the processor does not do this itself. For programs written in C,
the compiler initializes the stack avtomatically as part of the startup code, which
runs silently before the program starts, but vou must initialize SP vourselfin
assembly language. This was shown in the section “Automanc Control: Use of
Subroutines™ on page 99,

The word 0x1234 has been added or pushed on to the stack. (The details of the
instructions are explained later; recall that # means an immediate or literal value.)
The value of 5P is lirst decreased by 2 so that it points o the new location on

the stack, then the value 15 copied to this address. This 15 called predecrement
addressing.

The byte (0x56 has been written to the stack. It goes into the lower byte of the next
word, whose upper byte 1s wasted. A further word of Ox789A is written afterward
and SP now points to this value.

A word has been removed, pulled or popped from the stack into the register R15.
This retrieves the most recently added value, OX789A, and copies it into R15. The

stack pointer is inereased by 2 afterward (postincrement addressing) and now
points to the previously added value, the byte 0x56. Effectively the word Ox7T89A
has been removed from the stack because 1018 now at a lower address than SP.
The value remains in RAM until further values are pushed onto the stack. which
grows downward and overwrites the old contents.

(a) Stack after initialization.

M5B L5B
ol "
(b} Stack after push . w #0x1234,
12 34
{c] Stack after cush . b #0x56 followed h:f =1
12 34
143
78 24,
{d} Stack after pop . w R15.
12 34
b
78 94

address
0x0280
Ox027E

Ox0280
0x027E
0x027C

ush . w #FOxTEIA.

0x0280
0x027E
0x027C
0x027A
Ox0278

0xD2E0
Ox027E
Ox027C
Ox027A
0xD278

—

—

—

—

5P

027 C



STACK

* Push
* Update the stack pointer to point to the new TOS
* Copy the operand to the new TOS
* Pop or Pull
* Copy the contents in the actual TOS to the destination
* Update the stack pointer to point to the new TOS

(a)

0280h
027Eh

027Ch
027Ah
0278h

 Example: PUSH R9 and POP R9 (assume SP = 027Eh)

2F45

06AA

< SP

3279

90DD

3AB7

SP =027Eh

R9 =165Ah

(a.1) Before push

0280h
027Eh

027Ch
027Ah
0278h

2F45

06AA

165A

< SP

90DD

3AB7

SP =027Ch

R9 =165Ah

(a.2) After push

(b)

0280h
027Eh

027Ch
027Ah
0278h

2F45

06AA

<SP

3279

90DD

3AB7

SP = 027Eh

R9 =165Ah

(b.1) Before pop

Fig. 3.29 The stack, SP register. a Push operation, b Pop operation

0280h
027Eh

027Ch
027Ah
0278h

2F45

<& SP

06AA

3279

90DD

3AB7

SP =0280h
R9 =06AAh

(b.2) After pop



(a)

0300h
02FEh
02FCh
02FAh
02F8h

XXX 0300h | XXXX
XXXX 02FER | XXXX
SBCE 02FCh | 5BCE | gmm SP
4F2A |<gmm SP 02FAN | 4F2A
HOO 02F8h | OO0

SP = 02FAh SP = 02FCh

R6 = 5BCBh R6 = 1234

R5 = 4F2Ah R5 = 4F24h

(c)

0300h
02FEh
02FCh
0ZFAR
02F8h

HKRXXK

XAXX | g SP

5BCS

4F2A

K

SP = 02FEh
R& = 5BCS
R5=4F2Ah

(d)

0300h
02FEh
02FCh
02FAh
02F8h

KHAXK

HKHX

5808 |<gmm SP

4F2A

KK,

SP = 02FCh
RE = 42FAh
R5 = FDECh

Fig. 4.13 Illustration of push and pop in Example 4.5. a After push operations, b Just before pop
R6 in correct sequence, ¢ After pop R6 in correct sequence, d After pop R6 in incorrect sequence

Correct Sequence:

FIRST: push RS save B6
push RS
mow #2340 Rb
mew #FEDNC RS
pop RS recover RS
LAST: pop RG ;recover R

Incorrect Sequence:

FIRST: push RS
push RS
mer #2340 R
mew #FENC RS

pop Ri

-save Rb
-save RS

;recover b

LAST:




®E

SUBROUTINE

\/\ \/\
- e ——— Return:@
=" _AA .
Call Sub1 1o
|
-_-I .....
|
N i
PC =>Next: S o
Al
Call Sub1 \ l
| @ PC = | Sub1:
Main Program Subroutine
Fig. 3.31 Invoking a subroutine
a) (b)
Oxxxxh + 8 72?7?77 |<€= SP Oxxxxh + 8| 7?77?27
Oxxxxh +6 | 2?7?77 Oxxxxh + 6| Next
Oxxxxh + 4 77? Oxxxxh + 4 ??77?7?
Oxxxxh +2 | 7?7777 Oxxxxh + 2| 27?7
Oxxxxh 7?7?77 Oxxxxh 7777

(1) PC = Next

(2)PC = Subf

1.Function Call
Saves PC onto stack
2.Function Execution

PC loaded with function address
3.Executing the Return

Restore the PC from the stack
4.Back at Main Program

Continue at instruction after “CALL”

<= Sp

Oxxxxh + 8
Oxxxxh + 6
Oxxxxh + 4
Oxxxxh + 2
Oxxxxh

(4) PC = Next

2777

Next

7777

2777

7777

<= SP

Fig. 3.32 Stack pointer use in the invocation and return of subroutines. a Stack before call, b Stack

after call, ¢ Stack after return
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