ECE447

Single Chip Microcomputers

Fall 2022

Lab Assignment # 2: Snake on the Segmented
LCD
Due Date: Week of September 26th , 2022,
3:00pm on the day of your lab session
on myMason (Blackboard)

Objectives:
 To gain more experience programming the MSP430 in C.
 To gain more experience with polling inputs, in particular external buttons.
 To become familiar interfacing with the on-board liquid crystal display (LCD).

Parts:
Please make sure that you have the following parts before you start the lab.
 MSP-EXP430FR6989 LaunchPad
 4 push buttons
 Pin headers

Introduction:
In this lab, you will write a program that interfaces with the on-board liquid crystal display (LCD)
and takes input from external buttons to control the snake. You will need to connect the external
buttons to general-purpose input output (GPIO) pins on the MSP via the BoosterPack connector
of your Launchpad. The external buttons act similarly to the ones on the Launchpad, except that
you have to connect them to an IO pin and to ground. Additionally, you will need to configure the
internal pull-up resistors on those GPIO pins as you did in Lab #1 with the on-board button.

Background:
The external buttons work in the same way as the on-board buttons do. Figure 1 shows a simplified
sketch of the button internals. There are two rails running parallel to each other. When the button
is pressed, a connection between the rails is made. An easy way to check which feet correspond
to which rails is to perform a continuity test with a multimeter. When connecting the buttons to
your Launchpad make sure that one of the rails is connected to the MSP input pin and the other
to ground as show in Fig. 2.
Display devices are one of the most common types of interface used in embedded systems.
LCDs, in particular, are a popular choice among this category as they are low power consumers
and relatively compact. There are numerous kinds of LCDs varying from the simpler numeric or
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Figure 1: Sketch of a push button internals

Figure 2: All LCD segments are toggled on and the external buttons are connected to GPIO pins
on Port 2

alphanumeric to the more complex graphical panels. LCDs don’t actually produce light – instead
they control the intensity of reflected or transmitted light. Often times on graphical LCDs, there
will be an LED backlight producing light for the display. The on-board LCD falls under the
segmented category. These displays include the familiar seven-segment numerical displays found in
watches, meters, and many other applications. Further segments can be added to each character to
allow alphanumeric display. There are also special symbols that allow for additional functionality,
these can be seen in Fig. 3. Each segment has an associated memory location in the MSP that
allows us to control it. In order to toggle a segment on we must write a ”1” to the memory location
for that segment. The tables containing the memory locations can be found in the programmers
user guide and on page 12 and 13 of SLAU627A.
Further reading can be found in Section 8.6 of Introduction to Embedded Systems and Section
7.7 of MSP430 Microcontroller Basics.
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Figure 3: Segments of the on-board LCD

Code Walk Through:
The first part of the program is responsible for initializing and configuring the LCD. This requires
us to first select the low frequency crystal XT1 (LFXT) by setting BIT4 and BIT5 of PJSEL0. Next,
we have to initialize the LCD C port control registers by setting the bits corresponding to the LCD
segments that we will be using. To do this correctly the first time, we need to cross reference Table
4 on page 13 of SLAU627A (included in the programmers reference guide) with Sections 27.3.6-8
on pages 746-7 of the SLAU367F (also included in the programmers reference guide). In addition,
something to note when reading these sections is the LCDON bit must be ”0” before configuring the
control register.
C code
PJSEL0

= BIT4 | BIT5;

LCDCPCTL0 = 0xFFD0;
LCDCPCTL1 = 0xF83F;
LCDCPCTL2 = 0x00F*;

Explanations
Select the low frequency, 32kHz crystal oscillator XT1.
Initialize LCD segments 4, 6–15.
Initialize LCD segments 16–21, 27–31.
Initialize LCD segments 35–39.

Next, we have to activate ports by disabling the low power mode lock, as we did in Lab #1.
We now have to unlock the clock system (CS) registers by writing the password. If this is done
incorrectly write access will be disabled. We now have to enable the LFXT by clearing the LXFTOFF
bit. We then clear the LXFT fault flag and corresponding oscillator fault interrupt flag and then
check to make sure the flags are cleared. Once we have set up the CS, we write the incorrect
password to the CS control 0 register to disable writing to the CS registers.
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C code
PM5CTL0 &= ~LOCKLPM5;
CSCTL0_H = CSKEY >> 8;
CSCTL4
&= ~LFXTOFF;
do {
CSCTL5 &= ~LFXTOFFG;
SFRIFG1 &= ~OFIFG;
} while (SFRIFG1 & OFIFG);
CSCTL0_H = 0;
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Explanations
Unlock ports from power manager.
Unlock CS registers
Enable LFXT
Clear LFXT fault flag
Clear oscillator fault interrupt flag
Test oscillator fault flag
Lock CS registers

Once we have the CS configured, we now have to configure the LCD control register by selecting
our clock source, frequency divider, frequency prescaler, MUX rate, and low power waveform. More
information about these settings can be found on page 739 of the SLAU367F user guide. We now
need to configure the LCD voltage control register. Selecting the LCDCPEN bit enables the charge
pump and allows us to set the LCD voltage equal to 2.17 x V(REF) by setting the VLCD 1 bit.
Lastly, setting the VLCDREF 0 bit sets charge pump reference to the internal reference voltage. The
next step is to synchronize the LCD charge pump clock with the respective clock source. Now that
we have the LCD control and voltage registers configured, we can clear the LCD memory and turn
the module on.
C code
LCDCCTL0
LCDCVCTL

= LCDDIV__1 | LCDPRE__16 |
LCD4MUX | LCDLP;
= VLCD_1 | VLCDREF_0 | LCDCPEN;

LCDCCPCTL = LCDCPCLKSYNC;
LCDCMEMCTL = LCDCLRM;
LCDCCTL0 |= LCDON;

Explanations
Initialize LCD C: ACLK, Divider = 1,
Pre-divider = 16, 4-pin MUX
VLCD generated internally,
V2-V4 generated internally, V5 to ground
Enable clock synchronization
Clear LCD memory
Turn LCD on

We have now configured the LCD and can move on to the functional portion of our program.
Like in the previous Lab, we will need to configure a GPIO port to be used as an input so that
we can read from a button press. The main section of the code will poll the input pin to check
for a button press. Look at the figure at the bottom of page 11 of SLAU627A and the tables on
the following two pages (all are included in the programmers reference guide). These references
will show us how to write to each segment on the LCD. When we look at Fig. 3 above, we see the
left most alphanumeric number maps to A1. In Table 4 on page 13 of SLAU627A, we see the A1
segment A falls under LCD memory 10 or LCDM10. This memory is one byte wide and corresponds
to segments A, B, C, D, E, F, G, and M in Fig. 4 below, so if we were to write 0xFF to LCDM10, all
of these segments would toggle on.
The segments are listed in the table from highest bit (Most Significant Bit, MSB) on the left to
lowest bit (Least Significant Bit, LSB) on the right. Since we only want the segment corresponding
to position A1A to toggle on when the button is pressed we will write 0x80 to LCDM10. If the button
is not currently being pressed, we will clear the LCD memory location.
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Figure 4: Segments of the on-board LCD

C code
if (!(P2IN & BIT1))
LCDM10 = 0x80;
else
LCDM10 = 0x00;

Explanations
Poll pin 2.1
If button is pressed toggle segment A on
If button is not pressed toggle segment A off

In-lab Exercise (week of September 19th):
1. Connect one of the buttons in your lab kit to the GPIO pin P2.1 In most buttons, the legs will
be two long bars running parallel to each other and pressing the button makes the connection
so when wiring them using a breadboard connect on side to ground and the other to the pin.
Use Fig. 2 as a reference.
2. Once your button is connected to your Launchpad, create a new CCS project and add the
provided ”lab2.c” file to the ”main.c” file in the project.
3. Run the project on the board. If everything is working, you should be able to toggle the top
segment in the left most alphanumeric number when you press the button.
4. Demonstrate to the GTA that you can turn on and off the top left segment of the LCD.

Exercises:
1. Use the information in the reference guides to change the pin selections for the LCD to only
those segments on the perimeter of the LCD (configured via the LCDCPCTLx registers).
2. Now, create and test function to turn-on any segment on the snake path.
Hint: You can number the segments used by the snake from 0 to 15. With segment 0 being
the top-left segment and proceeding clockwise. You can then develop a function to turn on a
segment given its number trunSegOn(int segNum) . This function will set the correct bits
in LCD memory.
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3. Now that you have learned how to interface with the LCD and display individual segments
you will have to write control logic to move the segment autonomously around the perimeter
with a transition delay of approximately 0.5 seconds. This will require you to write a software
delay loop to delay the transition between segments (see Fig. 5).
Hint: You can define the location of the snake head as an integer. To move the snake you
need to increment the snake head. Make sure the snake moves correctly when it reaches
segment 15. You can check for the snake moving outside the maximum segment or use
modular arithmetic to keep the snake head value in the range 0-15. Before displaying the
snake, the LCD may need to be cleared.
4. Once you have the snake moving around the perimeter, use two of the external buttons to
control the rate at which the snake transitions between segments. Connect those buttons to
P2.3 and P2.4. One of the buttons will be responsible for increasing the pace and the other
for decreasing it. This will require you to poll an external button and use the input to change
a transition delay value.
5. Once you have the snake moving around the perimeter and can change its pace, use the
button S1 on the Launchpad (P1.1) to change the direction of movement. This will require
you to poll a button and use the input to make a state change.
6. Now we are going to build on top of the current programs’ functionality. Once you have
the snake moving around the perimeter, add logic to the remaining two external buttons to
control the length of the snake. Connect those buttons to P2.1 and P2.2. One of the buttons
will be responsible for increasing the length one segment each press and one for decreasing
the length one segment each press.
7. Extra Credit: Solder the external hardware used for this lab to a proto-board.

Points to be covered in the demo:
 Show that the snake moves around the perimiter of the LCD.
 Show that you can change the direction of the snake by pressing the button S1 on the launchpad.
 Show that you can increase and decrease the speed of the snake by pressing external buttons.
 Show that you can increase and decrease the length of the snake by pressing external buttons.
 If you soldered the external hardware, show the soldered board in the demo too.
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Figure 5: Snake on the move
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