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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 , 14mm
. 84 1/0 pins
* Input, output, friendly 100 total pins

* 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

3

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

4 | 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

84 I/0 pins
100 total pins

14mm
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MSP432 LaunchPad

Texas

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

Reset

Debugger SW2

SW1 MSP432

J2/34

LED2
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MSP432 LaunchPad
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BoosterPacks
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MSP432 LaunchPad

7

Serial

Negative logic: low voltage means true

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

26Q éﬂﬂ 110Q
y Green Red

1 EL-19-337

LTST-C190CKT
1.65V3.5mA

sw) swd)
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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, for all inputs and
lo, 2 2 1, for all inputs and

Voy 2V for all inputs

loy = 2 |4 for all inputs
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Digital Interfacing (Voltages)

9

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 Vi 24754 Vi

- VL 0.825+ ViL

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

3.3V
MSP432

24 T Von 2.3 T Vou
204V, L7 T Viy
15 1 v
12 + v,
08 Vi o, Ly

4TVoL 024 voL
0.0 Lénd 0.0 L Gnd

LVTTL 2.5V CMOS
LVT, LVC, ALVC, ALVT
LV,ALB

ALVT
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VoL £V, forallinputs and

lo. 2 2 I, for all inputs  and

Voy 2V, for all inputs

low 2 2 I fo

r all inputs
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Digital Interfacing (Currents)

10

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

IOH
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

Vo, £V, for all inputs

loL 2 > |, for all inputs

| General Purpose Input Output — MSP432

and Vg, 2V, forall inputs

and

loy 2 2 1y for all inputs
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Summary

= General Purpose Input Output
» Voltage < Digital
» Positive and negative logic

* Pin
S LEDOn Vcc GND
* Ports Pololu IRS02A
» Interfacing > N\ ®
» Voltage/current Sensor outputs Short these if
Vec =33V
* Input/output
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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
n void SW1 Init(void) {
——|D Q Input Port P1->SELO &= ~0x02;
/I\ P1->SEL1 &= ~0x02;
Write to PxOU P1->DIR &= ~0x02;

} N\

P @ Direction
0 for input
1 for output

Bus |
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 Maze Edition
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MSP432 Input
:

1. Read from port

. Read from PxIN

Processor 2. Select bits of interest
n n
<—4— Input Port
y

Bus\

A .

// Read from P1l.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 Maze Edition
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MSP432 Output Initialization

5

4 Read from PxIN
n
P A
Read from PxOUT

Processor ‘

n

P1->SELO

: A

Alternate function

0 for GPIO
1 for alternate

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

&= ~0x01; A
P1->SELl1 &= ~0x01;
P1->DIR |= 0x01;

Output Port

Write to PxDIR

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

n

Read from PxIN

-~

-_ Read from PxOut
Processor . N |

—

DQ

/\

[
Bus § \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-

>0UTé& (~0x01) ) | new;

}

Friendly means just changes the bits you need,

6 | General Purpose Input Output - Programming

without changing the bits you do not need.
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Solid State Relay Interface

188(3)Vé éAppliance
SSR\ 120VAC (",
S @

Resistor 5% 1/8watt

void SSR Init (void) {
P2->SELO0 &= ~0x08;
P2->SEL1 &= ~0x08; // GPIO
P2->DIR |= 0x08; // make pin out
P2->DS |= 0x08; // high current
}
void SSR On (void) {
P2->0UT &= ~0x08; // P2.3=0

}
void SSR_Off (void) { ) )
P2->OUT |= 0x08; // P2.3=1 Negative logic

}
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Optical Sensor Interface

Line sensor

3.3V

% = . P5.3 output high

QTRBRC . P7.0 output high
T\ ﬂ . Wait 10 us
\\ = . 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
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Summary

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

. Line sensor

. Bump sensors
. Motor direction
. LCD output

. Tachometer input

Initialization

 Alternate function

» Direction register

* Pullup/pulldown registers
* Increase drive strength

. Ultrasonic I/O
. BLE
. Wifi

1
2
3
4
5
6
7
8

Input

 Read and mask LED On Vcc GND

= Qutput
» Friendly: Read, set/clear and write
Sensor outputs Short these if
Vee=3.3V
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Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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