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* BASICS

* Registers are used to hold information
* Typically setup information or data

e Registers can be any size
* Typically 1B (8 bits), 2B (16 bits), 4B (32 bits)

Peripheral A Peripheral B

3 — 16 bit registers

4 — 8 bit registers
Peripheral C
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* BASICS

* Registers have a name

CNTL_REG

* Within a register, each bit has a bit number

CNTL_REG

= o el e B
mmmmmmmm

* Bit numbers start at 0 and progress to N-1 where N is the
number of bits

* The LSB (least significant bit) is the right most bit
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* BASICS

* Individual bits in a register are accessed using the bit
number and the register name

CNTL_REG |1|0|1|1/0/01]1

* CNTL_REG, bit2 >0
 CNTL_REG, bit5 > 1

* CNTL_REG, bits 4:1 > 1001
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* |/Os
e 10 Input/Output (I/O) Ports
e Each Port consists of 8 pins
* Each Port has several registers that control how it works

e Each register has 8 bits, one for each of 8 pins
* Pin P4.6 is controlled by Port 4, bit(s) 6

To P4.6 control wires To P6.2 control wires

| T

Direction

Input

Output

Port 4 Port 5 Port 6
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* |/Os

* DIR (direction) sets the pin to be an input(0) or output(1)
 IN (input) holds the input value externally placed on the

pin

e OUT (output) provides the value to drive the pin with
* The other registers control additional functionality

Read the value “0”
from P5.5 AND drive

Drive P46 to uln P53 to ’lon

T

. i B

Read the value “1”
from P6.2

T

0

1

X

ey G Port 4 Port 5

Port 6

Direction
Input
Output
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* |/Os

* We access the registers by a special name convention

P4->DIR accesses the Port 4 direction register
P5->IN accesses the Port 5 input register
P6->0UT accesses the Port 6 output register
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* |/Os

* We typically only want to read/write a single bit in the
register (change output from “0” to “1”)

P4->0UT = P4->0UT | 0x40; // change P4.6 output to 1
assuming P4-> starts with the unknown bits abcd efgh
abcd efgh | 0100 0000 // | is a bitwise OR
alcd efgh // only bit 6 changes
T Drive P4.6 to “1”
1 1
X X
Output |alb|c|d|e/f|glh Elcdefgh
Port 4 Port 4
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* |/Os

* We typically only want to read/write a single bit in the
register (change output from “0” to “1”)

P4->0UT = P4->0UT & ~(0x40); // change P4.6 outputto O
assuming P4-> starts with the unknown bits abcd efgh
abcd efgh & ~(0100 0000) // & is a bitwise AND
abcd efgh & 1011 1111

L T Drive P4.6 to “0”
1 1
X X
Output |alb|c|d|e|f|g|h Elcdefgh
Port 4 Port 4
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* |/Os

* C has a few special operators (|=, &=, =) that help

P4->0UT |= 0x40; // same as P4->0UT = P4->0UT | 0x40
P4->0UT &= ~0x40; //same as P4->0UT = P4->0UT & ~(0x40)

P4->0UT A= 0x40; // same as P4->0UT = P4->0UT A 0x40
// XOR function
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* |/Os

 We can change more than 1 bit at a time

P4->0UT |= 0x65;

P4->0UT = P4->0UT |= 0x65);
abcd efgh | 0110 0101
alldelgl

Output |a|b|c|d|e|f|g|h l

Port 4 Port 4
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DETAILS
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* |O Structure
e Controlled by a series of registers

|- """ - """ ~—7”"—"—= 1
| PadLogic |
PyRENx = L N I :
PyDIRx ® o m——" :
From msdule i : DWES i |
10 Diirection . :.
E 0 input | DAVGE |
;I’T 1: Quiput | |
| - |
| uLQL | g |
PyOLUTx me—i0 | |
From mocdus  —( 1 | |
Dvss  —10 I L~ : o
DVSS  —11 1) I | PyxUSC
L1
PYSEL1x B— ,| | I
PYySELOX m | |
PyiNx | ! <l7 :
|
N ' |
To module <] D : |
| |

Functional representation only.

Figure 6-7. Py.xfUSCI Pin Diagram
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e |O Structure
e Output Path

PyRENx m
L)|Eect|on Register PyDIR
1” for output
From moduls

T

..

DWES

DWEC

Data Register
IIOII Or lllll

From mioduls
DSS
DWSS

PySEL1x B

> PyOLUT x me—

T

—

a4 4

PySELOx m

PyiNx

To module -l—: ] Di

Functional representation only.
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Figure 6-7. Py.xfUSCI Pin Diagram
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e |O Structure
* Input Path

PyRENx m
L)|Eect|9n Register PyDIR
0” for input
From moduls

..

DWES

DWEC

PyOUTx me—j
From moduls  —
DVSsE —1
DVSS —1 1

PySEL1x B

PySELOx m

HOII or o" 1”

EE 1910

Input Register i3

To module -l—: ] Di

Functional representation only.

_—— e — — — — —— — .- — — — —

Figure 6-7. Py.xfUSCI Pin Diagram




* |O Structure
* Input Path w/ Pull-up

“1” for Enable

Pull Up/Down Register

.\

PyRENx =

Direction Register
“0” for input

py [y IR
From moduls

Data Register
“1” for pull-up

e PyOLUT x me—

..

From moduls —

|\ " " - /- /= 1

PadLogic |

1 I

L _—*\I |

4 ) |
0 1 - closef

DWES i} |

Diirection

0: Input DAVGE |

1: Output |

I

I

I

Dvss —1

DVSS —1 1

PySEL1x B

o
0

0
1
o
i)

0
':-‘_.r‘

Input Register
HOII or lllll

PySELOx m

] >

—
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To module -l—: ] Di

Functional representation only.

Figure 6-7. Py.xfUSCI Pin Diagram
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e |O Structure

* Input Path w/ Pull-down

“1” for Enable

Pull Up/Down Register

S~

PyRENx =

Direction Register
“0” for input

py [y IR
From moduls

..

Data Register
“0” for pull-down

L 1_—\'
0
Diiresction
0 It
1: Owstpust

DWES 4]

DWEC

I
—> FOUTx me—

From moduls —

Dvss —1

DVSS —1 1

PySEL1x B

o
0

0
1
o
i)

0
':-‘_.r‘

Input Register
HOII or lllll

PySELOx m

] >

—
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To module -l—: ] Di

Functional representation only.

_—— e — — — — —— — .- — — — —

Figure 6-7. Py.xfUSCI Pin Diagram
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* |/O Register Set (simplified)

* 8 bit registers
* 1 bit for each of 8 I/0 pins
* 81/0 pins assigned to a port
e 10 ports — 1 through 10

* Register Names
* P—port
* X—port number
* function — port function

* P2->DIR : Port 2 Direction Register

18
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* Register Set (simplified)
x=1:10

Px->DIR — Direction register

e “0” for input, “1” for output

Px->IN — Input Data Register

* Holds the value of the input pin “0” or “1”
Px->OUT — Output Data Register

* Holds the value for the output pin “0” or “1”

* Holds the value of the pull-up/down when pull ups/down enabled
* “0” for pull down, “1” for pull up

Px->REN — Enable Pull-Up/Down Register

e “1” for enabled

19
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* Register Set (Simplified)

x=1:10

e Px->SELO, Px->SEL1 — Mode Select Register

PxSEL1 PxSELD 0 Function
0 1] General purpose /O s seleched
0 ' Primary module function is selected
1 (1] Secondary module function s selected
1 ' Tertiary module function is seleched

20
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EE 1910

e Register Set (advanced)
x=1:10

Px->DS — Drive Strength Register
e “0” for regular strength, “1” for high drive strength

Px->|E — Interrupt Enable Register
 “1” for enable

Px->IES — Interrupt Edge Select Register
e “0” for high -> low, “1” for low -> high

Px->IFG — Interrupt Flag Register
e Set to “1” on selected edge transition

Px->|V — Interrupt Vector Register

21
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* |0 Port Configuration

Set Pin 2 to an output

b‘QJ
N
Need to set this pin to an output S
3 different ways &
Q
%2
P6->DIR = 0x01; // set port 6 bit 0 to an output

P6->DIR = bO0000001; // set port 6 bit O to an output
P6->DIR = 1; // set port 6 bit 0 to an output
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* |0 Port Configuration

// set port 6 bit 0 to an output
// set port 6 bit 0 to an output
// set port 6 bit 0 to an output

These set the other 7 pins to inputs — this may not be OK

P6->DIR |= 0x01; // set port 6 bit 0 to an output
P6->DIR = bABCDEFG | bOO0O00001

P6->DIR = bABCDEFG1
Only the bit we want to change is changed

EE 1910 23
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* |0 Port Configuration

Set Pin 3 to an input

Pin 3 is actuaIIy Port 3 p|n 2

P3->DIR &= ~0x04; // set port 3 bit 2 to an input
P3->DIR &= ~b0000100; // set port 3 bit 2 to an input
P3->DIR = bABCDEFGH & ~b00000100
P3->DIR = bABCDEFGH & b11111011
P3->DIR = bABCDEOFG
Only the bit we want to change is changed
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* |0 Port Configuration

Set Pin 4 to an input with a pull-up turned on
e e [l

Pin 4 is actually Port 3, pin 3

input, REN enabled, out reg = 1 (pull up)

P3->DIR &= ~0x08; // set port 3 bit 3 to an input

P3->0OUT |= 0x08; // prepare to make pullup (setto 1)
P3->REN |= 0x08 // enable pull_x for port 3 pin 3
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* |0 Port Configuration

Set Pin 5 to an input with a pull-down turned on

Pin 5 is actually Port 4, pin 1
input, REN enabled, out reg = 0 (pull down)
P4->DIR &= ~0x02; // set port 4 bit 1 to an input

P4->0UT &= ~0x02; // prepare to make pulldown
P4->REN |= 0x02 // enable pull_x for port 4 pin 1
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* |0 Port Configuration

We must ensure the port pins are in the |/O configuration

P4->SELO &= ~0x02;
P4->SEL1 &= ~0x02;

P4->DIR &= ~0x02;
P4->0UT &= ~0x02;
P4->REN |= 0x02

// set port 4 bit 1 to an input
// prepare to make pulldown
// enable pull_x for port 4 pin 1
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* |O usage

e Configuration is usually done in the hardware setup
section since it is only done once

Write a square wave to pin 5 to drive an LED

/*
* I0_Example 1.c
*

* Created on: Sep 10, 2019

& Author: johnsontimoj
*/
[1117171777777777777771771177
//
// Program to demonstrate writing a pin
//

// input: none

// output: P4.1 (pin 5)

//

// Wire up and watch LED

//
[I111177177777777177177777717
#tinclude "msp432.h"

#tinclude <stdio.h>

void main(void){
// local variables

// Hardware setup
// Note: pin 5 is Port 4 bit 1

P4->SEL1 &= ~0x02;
P4->DIR |= @x02; // Output
P4->0UT &= ~0x02; // Default to low

EE 1910

// Create squarewave (0.5Hz)
while(1){
__delay cycles(3000000) ;
P4->0UT |= 0x02; // high
__delay cycles(3000000) ;
P4->0UT &= ~Ox02; // low
} // end while

return;
} // end main

P4->SELO &= ~0x02; // Configure pin5 as an IO
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* |O usage
Read from pin 5 as an input

/* // Read pin 5 continuously

* 10 _Example_2.c while(1){

& fool = P4->IN & 0x02; // check only bit 1

* Created on: Sep 10, 2019 // if high - foo has the
o Author: johnsontimoj // value ©x02 NOT 1

*/ // or

[11117777071777711717771171117

//

fo02 = (P4->IN & 0x02) && 0x01; // if high - foo has the

// Program to demonstrate reading a pin
s 5 L // value 0x01

// and printing it's value

//

// input: P4.1 (pin 5) __delay_cycles(3000000); // 1 sec

// output: console printf("fool: %i, foo2: %i\n",fool, fo02);
// } // end while

// toggle P4.1 between gnd and 3.3v and watch value

/! return;

[IT1T7 717777777771 77777777 } // end main

#include "msp432.h"
#include <stdio.h>

void main(void){

// local variables & Console &3

int 'FOO].; Lab:ClO

R ce2i fool: @, foo2: @
// Hardware setup iuuii g* iunii ?
// Note: pin 5 is Port 4 bit 1 {Dul: 2* {DDE: 1
P4->SEL@O &= ~@x02; // Configure pin5 as an IO fDD S fDD :
P4->SEL1 &= ~Ox02; rDD}' E, FDDE. }

P4->DIR &= ~0x02; // Input
P4->REN &= ~0x02; // No pull U/D
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* |O usage
Do something based on pin 5 value

] // Do something based on Pin 5 input
* I0_Example 3.c while(1){
* if((P4->IN & 0x02) != 0){
* Created on: Sep 10, 2019 printf("Pin 5 is high\t");
v Author: johnsontimoj }else{
2 printf("Pin 5 is low\t");
LITITTTIIII 171777777777 } // end if
//
// Program to demonstrate reading a pin // or
// and doing something based on the value
// if(P4->IN & 0x02){
// input: P4.1 (pin 5) printf("Pin 5 is high\n");
// output: console }else{
// printf("Pin 5 is low\n");
// toggle P4.1 between gnd and 3.3v and watch console } // end if
//
L1110 77171777777777777 __delay cycles(3000000); // 1 sec
#include "msp432.h" } // end while
#include <stdio.h>
return;
void main(void){ } // end main

// local variables

Class_Project MSP:CIO
// Hardware setup Fin 5 15 high Fin 5 15 high
// Note: pin 5 is Port 4 bit 1 Pin 5 is high Pin 5 is high
P4->SELO &= ~0@x02; // Configure pin5 as an IO Pin 5 is low  Pin 5 is low
P4->SEL1 &= ~Ox02: Pin 5 iz low Pin 5 is low
_ L Pin 5 is high Pin 5 is high
P4->DIR &= ~6x02; // Input Pin 5 ic high Pin 5 ic high
PESOREY = =EEZE 0 L L Pin 5 is low Pin 5 is low
Pin 5 is low Pin 5 is low
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* |O usage
Make a decision based on pin 5 as an input

THIS WILL NOT WORK

if ((P4->IN & 0x02) == 1)
//do this if high

else
// do this if low

P4IN & 0x02 - 0000 0100 - 4, not 1
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