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Module 6

Lecture: General Purpose Input Output — MSP432



General Purpose Input Output

You will learn in this module

» Review fundamentals of C programming namely :
* Functions, parameters, conditionals, loops
* Integer calculations, Time delays

= General Purpose Input Output
» Positive and negative logic MSP432
- Direction register 84 1/0 i 14mm
* Input, output, friendly 100 totglln:ins

* Input/output current and voltage on pins

» Implement a two-layer input interface
* Low-level input/output to line sensor
* Mid-level sensor integration
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Overview of Input/Output

4

Digital
« GPIO
« UART
« SPI
« 12C

Timer
 TimerA
e Timer32

Analog
- ADC14

General Purpose Input Output

Universal asynchronous receiver/transmitter
Serial peripheral interface

Inter-integrated circuit

Periodic interrupts, input capture, and output
Periodic interrupts

Analog to digital converter

* Analog Comp Compare two analog signals

| General Purpose Input Output — MSP432
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=:| MSP432 Input/Output

5 | General Purpose Input Output — MSP432

P1.7/UCBOSCL
P1.6/UCBOSDA
P1.5/UCBOCLK
P1.4/UCBOSTE
P1.3/UCAO0TXD
P1.2/UCAORXD
P1.1/UCAOCLK
P1.0/UCAOSTE

P2.3/UCA1TXD
P2.2/UCA1TRXD
P2.1/UCA1CLK

P2.0/UCA1STE

P3.7/UCB2SCL
P3.6/UCB2SDA
P3.5/UCB2CLK
P3.4/UCB2STE
P3.3/UCA2TXD
P3.2/UCA2RXD
P3.1/UCA2CLK
P3.0/UCA2STE

P4.3/RTCCLK/A10
P4.2/TA2CLK/A11
P4.1/A12
P4.0/A13

P5.7/TA2.2

CortexM4
SystemBuslInterface

Systick

NVIC

GPIOPort1

eUSCl | g

4

NS

TimerA

eUSCl |

i

PeripheralBus

eUSCl | g

A

FEEEEIEEEIEE N

GPIOPort6

P6.7/TA2.4/UCB3SCL
P6.6/TA2.3/UCB3SDA

eUSCI

P6.5/UCB1SCL
P6.4/UCB1SDA
P6.3/UCB1CLK

P6.2/UCB1STE

P6.1/A14
P6.0/A15

TimerA

P7.7/TA1.1/C0.2
P7.6/TA1.2/C0.3
P7.5/TA1.3/C0.4
P7.4/TA1.4/C0.5
P7.3/TA0.0
P7.2/C1OUT/TA1CLK
P7.1/COOUT/TAOCLK
P7.0/SMCLK/DMAEQO

GPIOPort8

P8.7/A18
P8.6/A19
P8.5/A20

P8.4/A21

GPIOPort9

P8.3/TA3CLK/IA22
P8.2/TA3.2/A23
P8.1/UCB3CLK/T A2.0
P8.0/UCB3STE/TA1.0

eUSCI

P9.7/UCA3TXD
P9.6/UCA3RXD
P9.5/UCA3CLK
P9.4/UCA3STE

TimerA

P9.3/TA3.4
P9.2/TA3.3

GPIOPort1

ABCH: P9.0/A17

P9.1/A16

TimerA

P10.5/TA3.1/C0.6
P10.4/TA3.0/C0.7

P10.3/UCB3SCL
P10.2/UCB3SDA
P10.1/UCB3CLK

P10.0/UCB3STE

MSP432

14mm

84 I/0 pins
100 total pins
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MSP432 LaunchPad

Texas

INSTRUMENTS 3
USB to PC : 411001 HS:!?JR('SGK
A6

Reset

Debugger SW2

MSP432

J2/34

LED2
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MSP432 LaunchPad

J1

OCONOURWN
SmmﬂamawNA
©CO~NOODWN =

1

2
3
4
5
6
7
8
9
(0]

1

BoosterPacks
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MSP432 LaunchPad

8

Negative logic: low voltage means true

Serial

P1.2/RxD
P1.3/TxD
P3.1/RTS
P3.4/CTS

I
swﬂ_ swé_
ézm 110Q
y Green Red

1 EL-19-337

LTST-C190CKT
1.65V3.5mA

| General Purpose Input Output — MSP432

Positive logic: high voltage means true
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Digital Interfacing (Circuit Model)

Voltage < Digital

| General Purpose Input Output — MSP432

N +33V Output Input ~ +3.3V
|
| _°| Q _°l | Q3
V | V
. ~A o| ! IL
+
oL —I Qzll Vv | Q4
ov -
i fou = =
v +33V o +3.3V
A . utput Input .
3.3V
[ Q! Qs
V, V,
OH on| I Vin
I +
hh lon = -

Vg =V, forall inputs and

lo. 2> I, for all inputs and

Vgoy 2V, for all inputs
loy = > |,y for all inputs
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Digital Interfacing (Voltages)

10

Not 5V tolerant, all inputs must be 0 to 3.3V

50 T VCC 50 T VCC
4.441 Vou
35 T V4
25 4+ V,
t 24 + Vou
16 1 Viy
15 + V“_ 15 + \/t
14 + VL
05 T VoL
04 T VoL
00 L Gnd 00 L Gnd
5V CMOS ETL
HC, AHC, AC ABTE

50 7

24 -

15 A

08 o
04 A

- Vee

-~ VoH

B

- VoL

00 -

5VTTL
LS, TTL,

L Gnd

S, ALS,

AS, F, BCT, ABT,
HCT, AHCT, ACT

3.3T Ve

33 T Voo

2.7+ VoH @2mA
L vy 24754 V),

- VL 0.825+ ViL

0.6T VoL @6mA
0.251 VoL @2mA
0.0L Gnd

3.3V
MSP432

2.4 T VoH 2.3 T Vou
204V, L7 T Viy
15 4 v,
12 + v,
08 Vi o, Ly

4TVoL 024 voL
0.0 Lénd 0.0 L Gnd

LVTTL 25V CMOS
LVT,LVC, ALVC, ALVT
LV,ALB

ALVT

| General Purpose Input Output — MSP432

VoL £V, forallinputs and

lop 22 I, forallinputs and

Voy 2 V iy for all inputs

low 2 2 I fo

r all inputs
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Digital Interfacing (Currents)

11

Family
Standard TTL
Schottky TTL
Low Power Schottky
High Speed CMOS

Adv High Speed CMOS

MSP432 regular drive

MSP432 high drive
TM4C 8mA-drive
TM4C 12mA-drive

Example
7404
74S04
74L.S04
74HCO04

74AHCO04

MSP432

MSP432
TM4C123
TM4C1294

o
0.4 mA
1 mA
0.4 mA
4 mA

4 mA

6 mA

20 mA
8 mA
12 mA

IOL IIH

16 mA 40 pA
20 mA 50 pA
4 mA 20 pA
4 mA 1pA
4 mA 1pA
6 mA 20 nA
20 mA 20 nA
8 mA 2 pA
12 mA 2 pA

Increased drive strength on P2.0, P2.1, P2.2, and P2.3

1.6 mA
2 mA
0.4 mA
1pA

20 nA

20 nA
2 pA
2 pA

Vg £V, for all inputs

lo. 2 2 1, for all inputs

| General Purpose Input Output — MSP432

and Vg, 2V, for all inputs

and

loy = 2 |4 for all inputs
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Summary

12

» General Purpose Input Output
* Voltage < Digital
» Positive and negative logic
* Pins
* Ports

= |nterfacing

» Voltage/current
* Input/output

| General Purpose Input Output — MSP432
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Module 6

Lecture: General Purpose Input Output - Programming



General Purpose Input Output — Programming

You will learn in this module
= General Purpose Input Output
» Direction register

* Input,
* Output,
* Friendly MSP432
14mm
84 1/0 pins
» Implement a two-layer input interface 100 total pins
» Low-level input/output to line sensor

* Mid-level sensor integration

]
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MSP432 Input Initialization

A

Read from PxIN
n

Alternate function

_—
0 for GPIO

Read from PxOut
: 1 for alternate

// Make Pl1.1 an input
void SWl_Init(void) {

n
——|D Q Input Port P1->SELO &= ~0x02;
/I\ P1->SEL1 &= ~0x02;
Write to PxOU P1->DIR &= ~0x02;
}
~DQ Direction
Bus |

0 for input
1 for output

Write to PxDIR

Friendly means just changes the bits you need,

without changing the bits you do not need.

Texas Instruments Robotics System Learning Kit: The Solderless Maze Edition
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MSP432 Input
.  Read from PxIN 1. Read from port
Processor 2. Select bits of interest
n n
‘ﬂ‘i‘ﬁ; Input Port
(

A .

Bus\y

// Read from P1.1
uint8 t Swl (void) {
uint8_t data;
data = P1->IN;
data = data&0x02;
return data;

}
uint8_ t Swl (void) {
return P1->IN&0x02; &— Returns O or 2

}

Texas Instruments Robotics System Learning Kit: The Solderless Maze Edition
SEKP090
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MSP432 Output Initialization

17

ead from PxIN

AR F
n
ﬁ ‘

Alternate function

0 for GPIO
1 for alternate

// Make P1.0 an output
void LED_ Init(void) {

Write to PxDIR

P1->SELO &= ~0x01; K
Reﬁd from PxOUT P1->SEL1 &= ~0x01;
P1->DIR |= 0x01;
: 4
> Output Port

Direction
0 for input
1 for output

Friendly means just changes the bits you need,

without changing the bits you do not need.

| General Purpose Input Output - Programming
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MSP432 Output

A

Processor
P

——|D Q

Bus |

Read from PxIN
n
—

Read from PxOut

T
Write to PxOUT

Output Port

1. Read from port

2. Clear bits of interest
3. Set/clear bits of interest
4. Write back to port

void LED (uint8_ t new) {

uint8_t old;
old = P1->0UT;
old = olds(~0x01); €
new = new|old;
P1->0UT = new;

}

void LED (uint8_ t new) {
P1->0UT = (P1l-

>0UT& (~0x01) ) | new;

}

Friendly means just changes the bits you need,

without changing the bits you do not need.

18 | General Purpose Input Output - Programming
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Solid State Relay Interface

19

188(3)Vé éAppliance

SZSSR\

120VAC()

Resistor 5% 1/8watt

void SSR Init(void) {
P2->SELO &= ~0x08;
P2->SEL1 &= ~0x08;

P2->DIR
P2->DS

}

|= 0x08;
|= 0x08;

void SSR On (void) {

P2->0UT &= ~0x08;

}

void SSR Off (void) {

P2->0UT
}

|= 0x08;

GPIO

//
// make pin out
// high current

// P2.3=0

// P2.3=1

Negative logic

| General Purpose Input Output - Programming
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Optical Sensor Interface

20

Line sensor

3.3V

% = . P5.3 output high

QTR-8RC . P7.0 output high
ek ﬂ . Wait 10 us
N = . P7.0 input
. Wait 1 ms
. Read P7.0

. P5.3 output low

............................ B/aCk
P7 . 0 White .......... /

Digital .~ Black
White Software reads P7.0

Texas Instruments Robotics System Learning Kit: The Solderless Maze Edition
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Summary

1. Line sensor
» General Purpose Input Output 2. Bump sensors
 Voltage < Digital ' -
« Positive and negative logic 3. Motor direction
4. LCD output
" Initialization 5. Tachometer input
 Alternate function
L . 6. Ultrasonic 1/0
+ Direction register
» Pullup/pulldown registers 7.BLE
* Increase drive strength 8.
= |nput
* Read and mask =
= P e
- e
" OUtpUt 00 o0
. : Z - =4z
» Friendly: Read, set/clear and write = - —— sensor B2
g outputs outputs O
o
g o
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