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Lab 8: Interfacing Input and Output

8.0 Objectives 8.1.4 Components needed for this
The purpose of this lab is to learn how to interface a switch and an LED to a

microcontroller using TI's Launchpad development board.
1. You will first build the circuits on a breadboard and perform explicit
measurements in order to verify they are operational and to improve

your understanding of how they work. MSP-
2. You will then design your own Window intruder detector alarm 1 EXP432P401R Tl MSP-EXP432P401R
system using this knowledge. LaunchPad
- - - - Red 2mA 5mm

Good to Know: The switches interfaced in the lab will become bump detectors 1 diffused LED Avago HLMP-4700
on the robot. The robot will use LED output as a debugging tool for you to
visualize what the software is doing.

1 g;“bon LW, 5%, vageo CFR-12JB-470R

0Q
8.1 Getting Started , B3F tactile push 5
button switches mron Sl
8.1.1 Software Starter Projects
. . . . solderless

Look at these example projects: InputOutput (input/output of switches and LEDs 1 breadboard Newark 88W3961
on the LaunchPad), GPIO (simple output to four pins), Switch (software driver of
an input switch), and Lab08_Switches_LED (starter project for this lab)

8.1.5 Lab equipment needed
8.1.2 Student Resources (in datasheets directory-Links)

Voltmeter
B3F-1052.pdf Switch Datasheet Oscilloscope (one channel at least 10 kHz sampling)
HLMP-4700.pdf LED Datasheet Logic Analyzer (4 channels at least 10 kHz sampling
CarbonFilmResistor.pdf resistor data sheet
MSP432P4xx Technical Reference Manual (SLAU356)
Meet the MSP432 LaunchPad (SLAU596)
MSP432 LaunchPad User's Guide (SLAU597)
MSP432P401R Datasheet, msp432p401m.pdf (SLAS826)
8.1.3 Reading Materials
Volume 1 Section 2.7, 4.1, 4.2.2, 4.3, and 4.6
Embedded Systems: Introduction to the MSP432 Microcontroller
Volume 2 Section 2.4, and 2.6
Embedded Systems: Real-Time Interfacing to the MSP432 Microcontroller
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Lab 8: Interfacing Input and Output

8.2 System Design Requirements

In this lab you will design, develop and test a window intruder detector alarm
system. As shown in the block diagram of Figure 8.1, our simple window intruder
detector alarm system has three inputs and one output. The inputs are three
switches are implemented with positive logic, see Figure 8.2. The first switch
input is called Activate, which serves as the arm/disarm control. There are two
window sensors, called Window1 and Window?2. When Activate is pressed or
true, the security system is activated. When Activate is not pressed or false, the
system is deactivated, meaning the alarm will be OFF regardless of the state of
the window sensors. The window is in a secure position when the window sensor
is pressed or true. It is unsafe if either window sensor is not pressed. The output
is a LED called Alarm, which is implemented in positive logic. You will flash the
LED at 5 Hz (on for 100ms, off for 100ms) to signify the unsafe condition. In other
words, the LEDs should blink rapidly when an intruder is detected by the sensors
Window1 or Window?2. You will connect these switches and LED to your
breadboard and interface them to your MSP432 LaunchPad development board
based on the truth table shown in Table 8.1.

OFF X X OFF
ON Not Pressed Not Pressed Flash at 5 Hz
ON Not Pressed Pressed Flash at 5 Hz
ON Pressed Not Pressed Flash at 5 Hz
ON Pressed Pressed OFF

Table 8.1. Truth Table for the Window Intruder detector alarm system.

Sensors

1-bit
flashing

Activate

Figure 8.1. Window Intruder Detector Alarm System.

Figure 8.2. MSP432 LaunchPad and external circuits.
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8.3 Experiment set-up
8.3.1 Switch interface

You will eventually need three switches. However, you will begin by interfacing
one switch to the Tl LaunchPad development board. Figure 8.3 shows a possible
way to connect the switch to the microcontroller. You can use an internal or
external pull-down resistor to make the voltage on the pin zero when the switch is
not pressed.

VCC
*
P5.0 en| <
PSY— *
P52+ —
PS4 - — Omron B3F-1052
P55 ~— —|
P5.6 ~—
PS5 —i—
MSP432-Port5
— ™

Figure 8.3 . Interface connecting the switch to P5.0 using internal pulldown.
(CircuitMaker).

In order to standardize timing throughout the class, we will activate the external
crystal and run at 48 MHz.

Warning: Limit the current into and out of port pins to be less than 6 mA. One
very bad way to build the switch interface is to place one side of the switch to
+3.3V and the other side to ground, causing a 3.3V to ground short whenever the
switch is pressed.

Hint: Sample code to interface one switch with
internal pull ups using P5.0

uint8_t sensor;

int Program8_ 1 (void) {
Clock_Init48MHz(); // makes bus clock 48 MHz
P5->SELO &= ~0x01; // configure P5.0 GPIO
P5->SEL1 &= ~0x01;
P5->DIR &= ~0x01; // make P5.0 in

P5->REN |= 0x01; // enable pull resistor on P5.0
P5->0UT &= ~0x01; // P5.0 pull-down
while (1) {

sensor = P5->IN&0x01; // read switch

}
}

While Program8_1 is running, use a voltmeter to measure the voltage on the pin
when the switch is not pressed and when the switch is pressed. You should get 0
V when the switch is not pressed, and you should get 3.3 V when the switch is
pressed. Compare the voltage on the pin to the value in the software after the
input is read. Use the debugger to observe the global variable sensor. You will
eventually expand the system to have the three inputs, and the software will read
the status of the three switches. We purposely gave this example with one
switch, knowing you will need to modify the hardware and software to input from
three switches. You will find a Program8_2 in the project, which is similar to 8_1,
but activates the TExaS logic analyzer.
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Lab 8: Interfacing Input and Output

8.3.2 LED interface

Look up the desired (Vs, If) operating point of your LED used for this lab using its
datasheet. Assuming the microcontroller pin is 3.3V calculate the resistor needed
to obtain that operating point. Choose a standard resistor value near that value
(e.g., 100, 220, 270, 330, 470, 680, 820, or 1000 Q). Decide which pin you will
use for the LED output, and draw the interface circuit for your LED, similar to
Figure 8.4. You will have to redraw Figure 8.4 moving the LED to a pin not used
by the switches.

R1
P5.0 - - 10 2
P51 - —

e —

P54 - — .
P55 < —

P56 - - — NOMLED
P57 - —

MSP432-Port5

GND
Figure 8.4. Example interface connecting the LED output to P5.4. (CircuitMaker)

Perform LED measurements with four resistance values. E.g., 220 ohms, 470,
When the software outputs a high (assume 3.3 V output), estimate the current
through and the voltage across the LED given the circuit you have built.
However, when measuring the actual LED current and voltage, you will need to
single step, because if you run, the pin will oscillate around a million times per
second, and the LED will look dim.

Modify Program8_3 so the microcontroller makes the appropriate pin an output.
For example, if you connect the LED to P5.4, you will have to edit it so Port5 bit 4
is an output, and so the main loop oscillates bit 4. We purposely wrote
Program8_3 using the same pin as we used for input in the previous example,
knowing you would need to modify this program to output to the specific port pin
to which you connected your LED. The program should simply toggle the LED on
and off.

Notice that the LED operations in Program8_3 are written as a software driver,
which is a set of functions that facilitate LED operation. Furthermore, see how the
LED functions form an abstraction, separating what it does (LED
init/on/off/toggle) from how it works (P5 pin 0).

Run your modified Program8_3 and single step it until the LED is on. Measure
the voltage across the resistor and the voltage across the LED. Single step the
software until the LED is off and measure the two voltages again. Use Ohm’s
Law on the resistor to calculate the current through the resistor. The resistor
current will also equal the LED current. Compare the actual (Vs, Ir) operating point
of the LED with the expected values calculated during design. Measure the
voltage on the microcontroller pin when the software is stopped with the output of
the microcontroller is high. Compare this measured voltage to the expected value
of 3.

Hint: Use this program to test the LED interface

void LED Init(void) {
P5->SELO &= ~0x01; // configure P5.0 GPIO
P5->SEL1 &= ~0x01;
P5->DIR |= 0x01;

}

void LED On (void) {
P5->0UT |= 0x01; // turn on

}

void LED_Off (void) {
P5->0UT &= ~0x01; // turn off

}

void LED Toggle (void) {
P5->0UT ~= 0x01; // change

}

int Program8_ 3 (void) {
Clock _Init48MHz(); // makes bus clock 48 MHz
LED Init(); // activate output for LED
while (1) {

LED_On() ;
LED_Off () ;

// make P5.0 output

}
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8.3.3 LED toggling

Next, you will develop and test software that flashes the LED 5 times/sec.

. . . . . Hint: U thi to test the LED flashi
Basically, you need to write the Waitims() function. In the next lab, we will use n s 1s program to tes < ashing

int Program8_ 4 (void) {

the SysTick timer for delays. ngever in this Igb, you could usg twg nested for Clock Initd8MHz () ; // makes bus clock 48 MHz
loops. Software loops are very inaccurate for time delays. So, in this lab, the TExaS Init(LOGICANALYZER P5) ;

delay may be any value such that the LED flashes anywhere from 4 to 6 times LED_Init(); // activate output for LED
per second. Use a stopwatch, logic analyzer, or oscilloscope to verify the LED while (1) {

LED_Toggle() ;

flashes at the desired rate. .
Clock_Delaylms(100); // approximately 100 ms

Figure 8.5 shows Program 8.4 running with the Logic Analyzer active. To activate } J
the logic analyzer to visualize Port 5, execute
TExaS_Init(LOGICANALYZER_P5);
*,; Program8_4.texas - TExaS display & |I:| |_)£]
File Edit COM Action View Help
DEES & BB Y 5| 0 T ok | B b 5o D
o ———— 1. 1 T
0 80 160 240 320 400ms
Period Freq MinLow MaxLow MinHigh MaxHigh
ChO: 200.1 5:0 100.0 100:1 '100-1 100:1
(ms) (Hz) (ms) (ms) (ms) (ms)
Ready [ v 4
Figure 8.5. TExaS Logic Analyzer running Program 8.4 showing P5.0
toggles at 5 Hz.
6 Texas Instruments Robotics System Learning Kit: The Maze Edition

SWRP167



Lab 8: Interfacing Input and Output

8.4 Window Detector Alarm System
8.4.1 Hardware implementation:

We will use four pins on the MSP432 to implement the alarm system. It is
recommended that you not use pins that already have hardware connected to
them. Choose the four pins you wish to use and draw a circuit diagram of your
hardware similar to Figure 8.6.

VCC

el B2 o
#*
Omron B3F-1052

-+ en| =

* *

Omron B3F-1052 Omron B3F-1052
ol

[

470 Q

AAA
Wi

MSP432-Port5

Figure 8.6 Hardware schematic interfacing input and output pins.
8.4.2 Software Implementation

The basic approach to this system is described in this pseudocode, and drawn as
a flowchart in Figure 8.7.

Make the LED pin an output and make the three switch pins inputs.
The system starts with the LED off.

Wait about 100 ms.

Look at the three switches; if Activate is pressed and one or both
Window1 and Window?2 are not pressed, then toggle the LED once
else turn the LED off.

5. Steps 3 -5 are repeated over and over.

PO E

Initialize ports

- /

Wait 100 ms

v

/ Read Activate /

/ Read window
switches

(Not Armed)||(Secure (Armed)&&(Intruder)

LED off Toggle LED

Figure 8.7. Possible software algorithm for the system drawn as a flowchart.

The structure of this lab had you build and test each subsystem separately. In
this section, we combine the switch and LED interfaces to implement the Window
intruder detector alarm system. To test the overall system you should first single
step your software to verify it operates as intended for each of the eight cases
listed in Table 8.1. Use the debugger to observe the three inputs and one output
simultaneously. First, use the step over debugger command to verify the proper
functional behavior

Then, you can start the program and test the system running full speed. You
could use a scope or logic analyzer to verify the LED flashes at 5 Hz, when
Activate is pressed and one or both Window1 and Window2 are not pressed.
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8.5 Troubleshooting Switches don’t work:

*  Many switches have 4 pins, and you may be confusing across which of

Can’t program LaunchPad:
the pins the switch is connected.

e Check the cables, jumpers on the LaunchPad development board.
*  Use an ohmmeter measure the resistance across the switch for the

e  Check the Windows driver to see if the board is recognized by the pressed and not pressed conditions.

operating system.
*  The debugger allows you to visualize the port registers; so it is a good

idea to use the debugger to check if your initialization properly

e Try another LaunchPad on this computer. Try this LaunchPad on
configured the direction and pulldown mode .

another computer

LED does not turn on:

Check the polarity of the LED.

* Repeat measurements done in section 8.3.2. The resistor in series with
the LED should be somewhere between 220 and 2000 ohms.

. If there is 2 to 3V across the LED and the LED is dark, then it is broken
(open circuit) or backwards.
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8.6 Things to think about 8.7 Additional challenges

These questions are meant to test your understanding of the concepts in this lab. In this section, we list additional activities you could do to further explore the

How would you make the LED brighter?

What would happen if you plugged the LED in backward?

What would happen if you reversed the LED and resistor? i.e., connect
microcontroller output to the + side of the LED, and connect the - side of
the LED to one end of the resistor, connect the other end of the resistor
to ground. Would it still work? Why?

The switch will bounce on/off/on for about 1 — 2 ms each time you push
it. Similarly, the switch will bounce off/on/off when released. This lab
actually debounces the switch. What operation in the main program
causes the software to ignore the bouncing of the switch that occurs
when touched and released? Debouncing means the software
responds to the switch touch event only once, and not multiple times as
the switch bounces.

concepts of this module. You could extend the security system or propose
something completely different. For example,

* Add asecond LED to indicate if the systems is activated

* Add agreen LED to indicate all is well

* Implement this lab as a finite state machine

»  Add more switches and implement a digital door lock (user hits the keys
in a certain order, and the lock is simulated by the LED)

* Implement a demand pacemaker. The user pushes a switch to simulate
atrial sensor, and the ventricular pacing is simulated by an LED.

*  Modify the following Challenge function so the system removes switch
bouncing and properly counts the number of times the switch is
pressed.

int Challenge (void){ uint32_t Count=0;
Clock_Init48MHz(); // makes bus clock 48 MHz
Switch Init(); // activate input from switch
while (1) {
while (Switch Input()==0){}; // wait for touch
Count++; // number of times switch is touched
while (Switch Input()!=0){}; // wait for release
}
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8.8 Which modules are next?

In this section, we list future modules that build on the concepts learned in
this module.

Module 9) Use SysTick to implement time delay and dim an LED

Module 10) Add bump sensors to robot using switches

Module 13) Use periodic interrupts to run tasks in the background

Module 14) Use interrupt triggered to recognize a switch has been pressed

8.9 Things you should have learned

In this section, we review the important concepts you should have learned in
this module are how to:

Use an ohmmeter, voltmeter and logic analyzer

Draw a circuit using a program like CircuitMaker

Build circuits using a breadboard

Program the direction register

Perform input/output using a digital port, writing the functions as a
software driver

Interface a positive logic switch with pulldown

Interface a positive logic low-current LED

Create software delays using for-loops

Toggle an LED using software delays
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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.
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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
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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.
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