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Safety Rules and Operating Procedures

1. Note the location of the Emergency Disconnect (red button near the door) to shut off power
in an emergency. Note the location of the nearest telephone (map on bulletin board).

2. Students are allowed in the laboratory only when the instructor is present.
3. Open drinks and food are not allowed near the lab benches.

4. Report any broken equipment or defective parts to the lab instructor. Do not open, remove
the cover, or attempt to repair any equipment.

5. When the lab exercise is over, all instruments, except computers, must be turned off.
Return all equipment to the designated location. Your lab grade will be affected if your
laboratory station is not tidy when you leave.

6. University property must not be taken from the laboratory.
7. Do not move instruments from one lab station to another lab station.

8. Do not tamper with or remove security straps, locks, or other security devices. Do not disable
or attempt to defeat the security camera.

9. When touching the Experimenter Development boards please do not touch the solid-state
parts on the board but handle the board from its edge.

10. ANYONE VIOLATING ANY RULES OR REGULATIONS MAY BE DENIED
ACCESS TO THESE FACILITIES.

I have read and understand these rules and procedures. I agree to abide by these rules and
procedures at all times while using these facilities. I understand that failure to follow these rules
and procedures will result in my immediate dismissal from the laboratory and additional
disciplinary action may be taken.

Signature Date Lab #



Laboratory Safety Information

Introduction
The danger of injury or death from electrical shock, fire, or explosion is present while
conducting experiments in this laboratory. To work safely, it is important that you understand the

prudent practices necessary to minimize the risks and what to do if there is an accident.

Electrical Shock

Avoid contact with conductors in energized electrical circuits. The typical can not let-go (the
current in which a person can not let go) current is about 6-30 ma (OSHA). Muscle contractions
can prevent the person from moving away the energized circuit. Possible death can occur as low
50 ma. For a person that is wet the body resistance can be as low as 1000 ohms. A voltage of 50
volts can result in death.

Do not touch someone who is being shocked while still in contact with the electrical conductor
or you may also be electrocuted. Instead, press the Emergency Disconnect (red button located
near the door to the laboratory). This shuts off all power, except the lights.

Make sure your hands are dry. The resistance of dry, unbroken skin is relatively high and thus
reduces the risk of shock. Skin that is broken, wet, or damp with sweat has a low resistance.

When working with an energized circuit, work with only your right hand, keeping your left hand
away from all conductive material. This reduces the likelihood of an accident that results in
current passing through your heart.

Be cautious of rings, watches, and necklaces. Skin beneath a ring or watch is damp, lowering the
skin resistance. Shoes covering the feet are much safer than sandals.

If the victim isn’t breathing, find someone certified in CPR. Be quick! Some of the staff in the
Department Office are certified in CPR. If the victim is unconscious or needs an ambulance,
contact the Department Office for help or call 911. If able, the victim should go to the Student
Health Services for examination and treatment.

Fire

Transistors and other components can become extremely hot and cause severe burns if touched.
If resistors or other components on your proto-board catch fire, turn off the power supply and
notify the instructor. If electronic instruments catch fire, press the Emergency Disconnect (red
button). These small electrical fires extinguish quickly after the power is shut off. Avoid using
fire extinguishers on electronic instruments.

Explosions

When using electrolytic / tantalum capacitors, be careful to observe proper polarity and do not
exceed the voltage rating. Electrolytic and tantalum capacitors can explode and cause injury. A
first aid kit is located on the wall near the door. Proceed to Student Health Services, if needed.
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INTRODUCTION
When in Doubt, Read This

Laboratory experiments supplement class lectures by providing exercises in analysis,
design and realization. The objective of the laboratory is to present concepts and
techniques in designing, realizing, debugging, and documenting embedded system
applications. The laboratory begins with a review of the Code Composer Studio (CCS)
development system, which will be use extensively during the laboratory. Experiment #1
introduces the student to the fundamentals of CCS and its tool set such as the source,
application and the debugger windows. In Experiment #2, the basic operations of the
MSP430FG4618 Universal Asynchronous Receiver and Transmitter (UART) are
discussed. Experiments #3 uses the UART develop basic input output routines such as
ASCII to hexadecimal and ASCII to binary. Experiment #4 introduces the student to the
LCD display used on the experimenter board while Experiment #5 uses the LCD display
to display the output from hexadecimal addition, subtraction and multiplication.
Experiment #6 discusses the use of interrupt on the MSP403FG4618 and how to write an
interrupt service routine. Experiment #7 illustrates the use of the analog-to-digital
converter as a method of reading external analog voltages applied to the
MSP430FG4618.

This laboratory requires that each student obtain a copy of this manual and a downloaded
version of CCS. The student can use CCS on the laboratory computers or the student
can go to http://processors.wiki.ti.com/index.php/Download_CCS to download the CCS
development tools.

The student is to prepare for each laboratory by reading the assigned topics. The student
is expected to right a draft version of the programs required as directed by the pre-
laboratory preparation assignments or by the laboratory instructor. Depending on the
laboratory assignment, the pre-laboratory preparation may be due at the beginning of the
laboratory period or may be completed during the assigned laboratory period. Be
informed that during each laboratory period the instructor will grade your pre-laboratory
preparation.

During the laboratory period you are expected to construct and complete each laboratory
assignment, fully comment each program written and discuss in detail the steps involved
in debugging the required programs. Also the expected results, equipment used,
laboratory partners, and design changes should be recorded in the laboratory notebook.
A laboratory performance grade will be assigned by the laboratory instructor upon
successful completion of the above-described tasks for each experiment. Writing
computer programs involves three important phases. The first phase is to enter into the
development environment the source code. This is the easiest of the three phases. The
next phase is to be able to compile or assemble the program with no syntax errors. The
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hardest of the three phases is the last phase debugging a program so that it works
logically as expected and meets the design requirements. As such, it is expected that
each student will write their own programs, remove all syntax errors, and develop the
skills (also become familiar with the various debugging tools) required to properly debug
a program.

Each student will be assigned to a laboratory station which has a computer
and an MSP430FG4618 experimenter board. Each student is responsible for his or her
own work including software program development and documentation. A Laboratory
Report, following the guidelines presented in this handout is due the laboratory period
following the completion of the in-laboratory work or when the instructor designates. A
numeric grade will be assigned using the grading policy given below. Laboratory reports
will be due before the start of each laboratory. No credit will be given for laboratory
reports that are late. However, a student must complete each assigned experiment in
order to complete the laboratory. By not turning in a laboratory report, a student will
receive an incomplete for that report, which could result in an incomplete for the
laboratory grade.

Students who miss the laboratory lecture due to a pre-approved university activity should
make arrangements with the laboratory instructor to make up the laboratory at a later
time. Students who are late to their laboratory section will not receive credit for the pre-
laboratory portion of the laboratory experiment.
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EEL 4742 Lab Grading Policy Page

1. Students must will follow the LABORATORY FORMAT for submission of
the laboratory report.

2. Each student must submit one REPORT per laboratory experiment.

3. Each laboratory will be completed in 1, 2, or 3 weeks. The EXACT
DURATION of a lab will be decided by the laboratory instructor prior to
the laboratory experiment.

4. Students can NOT skip the laboratory periods. SPECIAL PERMISSION
must be obtained from the LABORATORY INSTRUCTOR to do so.
Otherwise, grade points will be DEDUCTED from the student’s total
grade earned for the scheduled laboratory experiment.

5. Each lab will be graded out of 100.

6. The deadline for submission of lab reports will be decided by the lab
instructor.

7. Each lab report must be submitted before or on the scheduled deadline
date. No late laboratory reports will be accepted.

If required, Lab policy will be modified and will depend solely on the lab instructor.
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LABORATORY REPORT FORMAT:

e Cover Page: The laboratory report should include a cover page giving the
experiment number, your name, and date should be at the top right hand side of
each page. It should also include the following: Heading: The experiment
number, your name, and date should be at the top right of each page.

EEL 4742 LABORATORY EXPERIMENT #

Section:
Points:

Name:

e Heading: The experiment number, your name, and date should be at the top right
hand side of each page.

e Objective: A brief but complete statement of what you intend to design or verify
in the experiment should be at the beginning of each experiment.

e Apparatus List: List the items of equipment, with identification numbers using
the UCF label tag, make, and model of the equipment. It may be necessary later to
locate specific items of equipment for rechecks if discrepancies develop in the
results. Also include the computer used and the version number of any software
used.

e Procedure and/or Design Methodology: In general, lengthy explanations are
unnecessary. Be brief. Keep in mind the fact that the experiment must be
reproducible from the information given in your report. Include the steps taken in
the design of the computer programs written to implement the various laboratory
experiments.

o Design Specification Plan: A detailed discussion on how your design approach
meets the requirements of the laboratory experiment should be presented. Given a
set of requirements there are many ways to write a computer program that meets
these requirements. The Design Specification Plan describes the methodology
chosen and the reason for the selection (why). The Design Specification Plan is
also used to verify that all the requirements of the project have been implemented
as described by the requirements.
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Test Plan: A test plan describes how to test the implemented software against the
given requirement specifications. This plan gives detailed steps during the test
process defining which inputs should be tested and verifying for these inputs that
the correct outputs appear from the software program.

Source Code: Fully commented source code for both C language and assembly
language programs must be included in the laboratory report. The comments used
in these programs should be clear and easy to reader and explain how the program
works.

Screen shot of output: Where possible screen shot outputs (ALT-PRINT
SCREEN) from the desktop computer display should be included in the
laboratory report.

Conclusion: This is your interpretation of the objectives, procedures, and results
of the experiment, which will be used as a statement of what you learned in
performing the experiment. This is not a summary. Be brief and specific but
complete. Identify the advantages and/or disadvantages of your solution in
design-oriented experiments.
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EXPERIMENT #1
INTRODUCTION TO CODE
COMPOSER STUDIO

Goals: To introduce the Code Composer Studio tool set that is used to write C language and
assembly language programs for the MSP430. In particular, the experimenter board
which contains the MSP430FG4618 will be used.

References: MSP430x4xx Family User’s Guide, MSP430 Assembly Language Tools v 4.0
User's Guide, MSP430FG4618/F2013 Experimenter’s Board, the help menu in code
composer studio, and MSP430 Microcontroller Basics by John H. Davies.

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment.

Discussion: This laboratory experiment will give the step by step procedures on creating C
language and assembly language programs in Code Composer Studio that are executed
on the MSP430 experimenter board.

Procedure: Part 1. Introduction to Code Composer Studio in generating a C
language program

1. Double click on the CCS icon and start execution of code composer studio. The
default location of where the projects are stored is given and can be changed to another
location. Use the default location given.

- o o S =]

Select a workspace

Code Composer Studic steres your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

W1 SIS C\ Users\ Arthur Weeks\workspace v5_1 - Browse...
["] Use this as the default and do not ask again
oK ] I Cancel
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2. To create a new project, select from the File menu, Project and then Other (File ->
project -> other). Next, select CCS Project.

—

-
T Tew - - [ = | —]

Select a wizard =

Create a new C/C++/ASM project and let CCS create and manage the makefile. |

Wizards:
type filter text

- = General
| % File
% Feolder
=% Project
= Untitled Text File
. B O CH+
a = Code Composer Studio
[ CCS Project
[® Target Configuration File
== Example EMF Model Creation Wizards
== GDE Diagrars
= Git
== RTSC

VY VW

[] Show All Wizards.

3. Select the desired project name and the desired version of the MSP430. For the
experimenter board it’s the MSP430FG4618. Also select the type of project: Empty C
program, a Hello World C program, or an Assembly Language program. For this step,
choose the Hello World program

e o o T e

CCS Project — e
Create a new CCS Project. @
Project name: lablc
Dutput type: [ Executable - ]

Use default location

ChUsershArthur Weekshworkspace_w5_1%lablc Browse...
Device
Earmnily: [raspazo -
Wariant: =cselect or type filter text> - [ MSP430F4618 - ]
Connection: [—I—I MSP430 USEL [Default] v]

» Adwvanced settings

- Project termplates and examples

type filter text Simple Hello World executable application -
—= = printing the string "Helle Weorld!" to
- h= Eﬂpty Projects standard cutput.
= Empty Project
= Empty Assembly-only Project Although this is a simple example, it is not
[ Empty RTSC Project recommended for devices with srmall
4 [[= Basic Bamples memory-mapgs (such as the MSP430 or
e h C2000 families of dewvices].
5=k Blink The LED
&= Hello World

@

1z

m

j<h
—

Finish J [ Cancel ]
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4. Highlighting the project makes it the active — debug project. Also, clicking on the left
arrow opens all of the subdirectories and files associated with the project. Selecting
main.c will open the C language source file.

File Edit View Project Iools Run Scripts Window Help
(i e 5. S ~ e e b~ 3~ - = [*13 CCS Debug | B3 ¢ ™
[ Project Explorer &3 | = % T = O|[%5 Debug 5% | % S | - E| e T =0
=
> = eeM742_labl_asm
. 53 EEL4742_labl_c 9=
> S eeld742_labla_asm
> 2 eeld742 _labla_c
> S eeld742_lab2a_asm
M| b 2 eeld742_lab2a_c
5 £ eel742_lab2b_asm
A
s S eeld742_lab2b_c =
© 5 eeld742_lab3_c &) hello.c 5 =
i 1 #includ tdio.h -
- 15 ecl4742_lab3a_ssm B e
» 2 eel742_lab3b_asm 3 7+
s 2 eeld742_lab3b_c 4 * hello.c
5 eeld742_lab3c_asm 5 ':‘d e
s 14742 lab3 6 void main(voi
> & ecldial labdc c 7 printf("Hello World!\n");
> 15 eeld742_labd_asm 83
s eel742_labda_c 9
s 2 hello
4 |2 lablc [Active - Debug]
> 3% Binaries
o [l Includes
> (= Debug
> hello.c
> | g Ink_mspd430f4618.cmd A
I |%] MSP430F4618.coml [Active] - < f
El Console 52 T o [E ERE | Bri-=0
I CDT Build Console [lablc]
<Linking> -
l "Finished building target: lablc.out’
I =w=% Build Finished =*== 3
o* Licensed: 75 = labic
o B | e

5. To use the printf function in C, the reserved number of bytes for the stack and the heap
must be increased from 80 to a minimum of 500 bytes. Open under the Project menu the
Project Properties and under Basic Linker Options change the heap and stack memory
size to 500.

[ . Properties for lab

type filter text Basic Options £ T
. Resource
CCS General
P — Configuration: |Debug. [ Active | ~ | [Manage Cenfigurations.. |

» MSP430 Compiler
4 MSP430 Linker
Basic Options

File Search Path Specify output file name (--output _file, -0} "${ProjMame}.out”
b Advanced Opticns Input and output sections listed into <file> (--map_file, -m) *S{ProjNamelmap” | Browse.. |
> C/C++ Build

> C/C++ General Set € system stack size (—-stack_size, -stack) 500

Debug Heap size for C/C++ dynamic memory allocation (--heap_size, -heap) 500

Project References

Run/Debug Settings Link in hardware version of RTS mpy routine (--use_hw_mpy) 16 -]
(?)  Hide advanced settings [ oK ][ cancel
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The default printf option is set to minimum which only allows strings to be printed. To
print integer or floating point variables this option must be changed and it is located
under MSP430 Compiler Advanced options. The options are minimum support, no
floating variable support, or full support. Full support uses the most program memory
while minimum uses the least program memory.

type filter text Library Function Assumptions L= g - -
. Resource -
CCS General
4 CC5 Build Configuration: |Debug [ Active ] ~ | [ Manage Configurations... |
4 MSP430 Compiler
Processor Options
Optimization
Debug Options Level of printf suppert required (--printf_suppert) | minimal -]
Include Options [7] File does not define any RTS library func (def.) (--std_lib_func_not_defined, -ol2)
4 Advanced Options [T File redefines an RTS library function. (--std_lib_func_redefined, -ol0)

Advanced Debug Opti [] File contains an RTS library function. (--std_lib_func_defined, -oll)
Language Options  |=

Parser Preprocessing C
Predefined Symbols
Diagnostic Options
Runtime Model Optior
Advanced Optimizatio
Entry/Exit Hook Optior|
Library Function Assur
Assembler Options
File Type Specifier
Directory Specifier
Default File Bxtensions
Command Files
MISRA-C:2004

a MSP430 Linker

Basic Options

Eile Cmmemin Dmstn
« . 3

(?)  Hide sdvanced settings [ oK | [ cancer |

5. To build and compiler a project, select the Project menu and then the Build Project
option. CCS will then build the project and indicate if there are any errors that need to be
corrected.

6. To debug a project, the debug option must be selected under the Run menu and the
experimenter board must be connected to the desktop. The Build Project and Debug
options should be selected every time the program source code changes.

7. To execute the program, the Resume option under the Run menu is selected. The
console window should now display the “Hello World” message.

8. To quit the program, the Terminate option under the Run menu is selected.

9. Also available for debugging is the ability of stepping through the program one line at
a time. F5 (Step Into) executes the program one line at a time. F6 (Step Over) executes
the various functions and subroutines but does not trace them one line at a time. The F5
option traces even subroutines and functions.

10. Add the following for(;;) to allow the program to run indefinitely. Build the project,
debug the project, and then trace then program one line at a time using the Step Into



option (F5).
Message”

Eile Edit View Project Tools Run Scripts MWindow Help
=il = ED% -3 0 & - - % - - = e ccsbebug | B«
[T Project Explorer 52 | £ %5 T = O3 Debug 52 | e O CIEN=EE-TIE A
2 eeM742_labl_asm &% lablc [Code Composer Studio - Device Debugging] =
2 EEL4742_labl _c o TIMSP430 USB1/MSPA30 (Suspended) G=
i 5 ecld742_labla_asm = main( at hello.c:3 0x004084
=2 eeM742_labla_c = c_int00_noargs() 0x0031B0 (the entry point was reached)
2 eel742_lab2a_asm
i 2 eeM742_lab2a_c i
= eeld742_lab2b_asm
% eeld742_lab2b_c [Slubellocic? ] Dx3eTd = 0
2 eeM742_lab3_c 5 .
S ccl742Z labZa asm ;&Jn(lude <stdic.h> =
= eeld742_lab3b_asm 3 g
= eeld742_lab3b_c 4 * hello.c
T eeldT42_lab3c_asm s =/ . .
= eeld742_lab3c_c §“°‘d{g:?'_‘§"°‘d) i
:":% =eld742 labd_asm 8 printf{"Hello World!\n");
EE eeld742_labda_c a ¥
= hello e}
= lablc [Active - Debug] 11
4% Binaries
I & Includes
== Debug
[€] hello.c
L& Ink_mspd30f4618.crmd il
I [ MSP430F4618.coxml [Active] ) r (|
= Console 52 | Sie BH| ot
! labl:CIO
Hello world!
l Hello world!
Hello world!
< »
o* Licensed : 75 € Writable Smart Insert 5:4
| — — =

Note how the program continuously loops printing the “Hello World

11. Next, create a new project that has an empty file. This creates an empty C program
template. Make sure to click on this project name in the Project Explorer windows so

this project is the Active-Debug project.

[ e oos roe I

L. B Sgr—r———

CCS Project
Create a new CCS Project.

Project narme: labcl

Cutput type: | Executable

Use default location

Lacation:

Dewvice

ChulsershArthur Weekshworkspace_w5_1%label

Earmily: [raspazo

Wariant: < select or type filter tesxt>

- [raspasorFasis

Connection: ['I'I PASP420 USBEL [Default]

» Advanced settings

— Project templates and examples

type filter tesxt

a [[=] Empty Projects
| = Ermpty Project|
[ Empty Assembly-only Project
&= Empty RTSC Project
{=| Basic Examples
= Blink The LED

= Helle Werld

-

Creates an empty project fully initialized
for the selected dewvice.

Nesxt > Finish Cancel ]
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12. Next, type the following C program into the blank main.c file under the desired the
Active-Debug project. Read the comments contained in this program, as these comments
cover in detail the purpose of each line of code. The definitions for each variable is
defined in the include file for the MSP430FG4618 #include “msp430fg4618.h”. The
notation for the MSP430 for a port is PX.Y where X is the port number and Y is the bit.
Port 2 bit 2 is the green LED and Port 2 bit 1 is the yellow LED. All ports also have
three variables associated with the port: the direction control PXDIR, the input PXIN,
and the output PXOUT. For a port bit to be an output, its value must be 1 in the direction
control variable. Ifit’s a zero, then the bit is an input pin.

To set a bit to a one on a port, the program sets this bit in PXOUT to a one. To read an
input bit on a port, the PXIN variable is used. For example, to read the status of the two
push buttons on the experimenter board, (input buttons on port 1 bits SW1 = bit 0 and
SW2 =bit 1), the variable P1IN is used. A value of 1 indicates that the appropriate
switch is not pressed and a value of zero indicates the switch is pressed.

//***********~k~k~k*******************************************************

// LED turn on to blink the LED on Port 2 of the MSP430FG4618
// experimenter board RAM at 0x1100 - O0x30ff, FLASH at 0x3100 -
// Oxfbff

// Port 2 is used for the LED's Port 2 bit 2 is the green LED,
// Port 2 bit 1 is the yellow LED

// input buttons on port 1 bits SWl = bit 0 and SW2 = Bit2

// 1 = SW not pressed 0 = pressed

//*********~k~k~k~k********************************************************

// must include the C header to get the predefined variable names
// used by the MSP430FG4618 on the experimenter board
[ m e e e e e

#include "msp430fg4618.h"

int main (void)
{
// tell the compiler not to optimize the variable I, otherwise the
// compiler may change how the variable is used
volatile unsigned int i;
WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer so the
// program
// runs indefinitely
P2DIR |= 0x02; // Set port 2 bit 1 to as an
// output 1 = output 0 = input
// turn the light on
P20UT=0x02;
// go run the program forever
for (;;){
// delay before turning changing the state of the LED
for (1i=0;1<=10000;1i++);
// Change the state of the LED using the EX-OR function
P20UT = P20UT ~ 0x02;
}

Execute the blinking LED program using the Resume menu option under the Run menu.
Take note that the LED is blinking on the experimenter board. Terminate the program
and rerun the program using the step into menu option (F5) executing one line at a time.
Once the program is at the line that the for loop is on, highlight the variable i with the
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mouse and observe the value of i indicated. Every time the program executes this line the
value of 1 is incremented.

File Edit View Project Tools Run Scripts Window Help

CrEE I E S - T e - %~ - i (B2 CCsbebug | B
[ Project Explorer 5% = % ¥ = 5 |[%% Debug = i’y OEE-EE-TIE RN
S eel4742_labl_asm % EEL4742_labl_c [Code Compeser Studic - Device Debugging] z
2 EEL4T42 labl c [Active - Debug] 4 TIMSP430 USBL/MSP430 (Suspended) C=
#% Binaries = main() at main.c:28 0:00313E
50 Includes = c_int00_noinit_noexit() 0x00311E (the entry point was reached)
(= Debug
& Ink_msp430f4618.crmd
B e =
o 2 MSPAIORELE ccxml [—cti- = Betrult] [¢] *main.c &3 | [£] main at C\Users\Arthur Wesks\workspace v5_1\EEL4742_la... =g
5 eeld742_labla_asm - . -
S eel4742_labla_c 1a = i
L eed742_lab2a_ssm 19 // tell the compiler not to optimize the variable i
S ecld742 lab2a_c 26 wolatile unsigned int i
g eeld742_lab2b_asm 21 WDTCTL = WDTPW + WDTHOLD; /{ stop watchdog timer

= % 22  P2DIR |= @x82; /4 5 port 2 bit 1 to as
2 ecl742_lab2b
=4 EEMHZ’IEB < 23 // turn the light en
2 ee ab3_c
= - P20OUT=0x82 ;
1 eeld742_lab3a_asm // go run the program forever
= eeld742_lab3b_asm

for (55){
2 eeld742_lab3b_c 27 // delay before turning the LED off
£ eelT42 lab3c_ssm 28 For(i-e;i<=1epee;it+);

= eel742_lab3c_c Expression Type Value
(£ eed742_labd_ssm 0= 10000
2 eel4742_labda_c

= hello

= lable

=2 label

int 10000

Name : 10000
Hex:8x2718
Octal:ez2342@
Default:10000
Binary:@018211180810680
Decimal: 10600

o® Licensed : 75 [ Writable Smart Insert 28:

Procedure: Part 2. Introduction to Code Composer Studio in generating an
assembly language program.

1. To create an assembly language program, the same steps are used as creating a C-
language program. But for an assembly language program, an empty assembly-only-
project is selected.

2. Next, under the File menu, select New and then Other. Under the General option,
select the File option, and then the Next button. Choose a name for the blank assemble
language project. Also make sure the desired project name for the assembly language file
is selected as the parent folder. Make sure that the file extension is *.asm so the CCS
knows that this is an assembly language file. Finally, click the finished button.
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[[= New cCs Praject GG

CCS Project
Create a new CC5 Project.

Project name:

Cutput type: [ Executable

Use default location

| Location: | ChUsersdArthur Weeksworkspace w5 1 Browse...
Dewvice
Earnily: [mspazo -
Wariant: =select or type filter text= - [ FPSP430F4518 - ]

Connection: ['Fl MSP430 LISBL [Default]

» Adwvanced settings

= Project templates and examples

| type filter text

- Ermpty Projects
= Empty Project
| [5&r Empty Assembly-only Project |
&= Empty RTSC Project
- Basic Examples
& Blink The LED
&= Hello World

Creates an empty assembly-only project -
fully initialized for the selected dewvice.

-
e MNew o - Te - »

Select a wizard

Create a new file resocurce

{‘?

¥ |

Wizards:

| type filter text

a = General
|5 _File|
% Folder
=% Project
= Untitled Text File
= CfC++
= Code Composer Studio
[f CCS Project
®,] Target Configuration File

[

== GDE Diagrams
= Git
= RTSC

v VWYV

== Example EMF Model Creation Wizards

[ Show All Wizards.

® = Back

1-8



x« Mew File - Ll_I—JEI e e

File

Create a new file resource.

Enter or select the parent folder:

lablasm

—
ecld742 lab3_c -
ecld742 lab3a_asm
ecld742 lab3b_a=m
ecld742 lab3b
esld742 lab3c_asm
esld742 lab3c_c
ecld742 _labd_asm
ecld742 labda_c
hello
lablasm [Active - Debug]
lablc
labcl

TG H HE R HEE

1]

U

File name: Iba.asm

@ Net- ) mmen) [oCenes)

3. Type in the folowing assembly language program to make the LED lights flash. Build
the project as done for a C-language project by selecting under the Project menu the
Build Project option (PROJECT-> Build project). Read the comments contained in this
program as these comments cover in detail the purpose of each line of code. The
definitions for each variable is defined in the include file for the MSP430FG4618
#include “msp430fg4618.h”. The notation for the MSP430 for a port is PX.Y where X is
the port number and Y is the bit. Port 2 bit 2 is the green LED and Port 2 bit 1 is the
yellow LED. All ports also have three variables associated with the port: the direction
control PXDIR, the input PXIN, and the output PXOUT. For a port bit to be an output its
value must be 1 in the direction control variable. If it’s a zero, then the bit is an input pin.

PR R R R R R R I R I R I I R R I I R R I R R R R I R I

; semi-colon = comments

; LED BLINK program in Assembly

; experimenter board RAM at 0x1100 - O0x30ff, FLASH at 0x3100 - ;
Oxfbff

Port 2 is used for the LED's Port 2 bit 2 is the green LED,
Port 2 bit 1 is the yellow LED

PR R R R R R R R R R R R R R R R R R R R I R I I I I

must include the C header to get the predefined variable names
.cdecls assembler directive tell the assembler to include C file
headers

.cdecls C,LIST, "msp430fg4618.h" ; cdecls tells assembler ;
; to allow
; the ¢ header file
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7

7

Need to tell the assembler where to put the assembly code Since
there is FLASH, and RAM on the MSP430 need to tell the assembler
where constants, variable and data goes. The .text directive tell
the assembler what follows is assembly instructions and to be placed
in program flash. The .sect directive can also be used to put
variables in system memory or RAM (.sect “.sysmem”). The
definitions of the various sections of memory is given in *.CMD

file included with the project. RAM in the MSP430FG4618 begins at
0x1100 and program flash begins at 0x3100. The system RAM is also
mirrored starting 0x200. For example, 0x300 is the same as 0x1200.

.text ; brogram start
Tell the assembler that the label name START is a global label.
Please note the underscore in front of the laber START. This label
name must match the label name of the first line of code.

.global _START ; define entry point

Must initialize the stack pointer to RAM

START mov.w #0x300, SP ; Initialize '0x1200 or

7

; 0x300 stackpointer

Turn off the watchdog time so the program can run indefinitely

StopWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; Stop WDT

7

Set port 2 bit 2 direction so thatP2.2 is an output 1 = output
0 = input

SetupPl bis.b #0x04, &P2DIR ; P2.2 direction =1

7

Set port P2.2 to a one to turn on the LED

Mainloop xor.b #0x04, &P20UT ; Toggle P2.2

7

Move the value of 0xA000 into register 7 so to create a delay
mov.w #0xA000,R7 ; Delay with a loop is not
; the best way; interrupts
; are better Given in Lab 6
Decrement register 7 until it’s zero. Stay in this loop until
register 7 is zero

L1l dec.w R7 ; Decrement R7
jnz L1l ; Delay over?
; Let’s run the program forever
jmp Mainloop ; Again

Need to load the MSP430fg4618 reset vector with the address of the
location of the first line of assembly instructions to be executed.
The .sect assembler directive does this

.sect ".reset" ; MSP430 RESET Vector
.short START

The end assembler directive tell the assembler end of source code to

be assembled
.end
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4. Next, debug this project using the Debug option under the Run menu. Finally, execute
this project using Resume option under the RUN menu. As with the C language program
the Step-Into (F5) and the Step-Over (F6) options can be used to execute one line of
instructions at a time. To help in the debugging of an assembly language program, there
are several windows available in CCS. These windows are available under the VIEW
menu. The first is the Disassembly window. This window gives the assembled code
listing file. It gives the assembly language instruction along with the machine code
generated for each instruction and the location in program flash memory where the
instructions are located.

=
=2 Disassembly &2 Enter location here - | 21 & | o N .
START, %$../1bl.asm:42:73%: -
P B03106: 4831 a3ee MOV. W #ox0300,5P
45 5topWDT MoW . W H#WDTPWHWOTHOLD,BWDTCTL ;3 Stop WOT
StopWDT:
Ba3184: 4@B2 SABE 8128 MOV . W #BXSa88,&1\'3tchdog_Timer‘_NDTCTL =
5@ SetupPl bis.b  #8xed4,&P2DIR ; P2.2 direction = 1 1
SetupP1l:
aa3lea: D2E2 @a2A BIS.B #4,8Port_1 2 P2DIR
53 Mainloop xor.b  #8x84,8P20UT ; Toggle P2.2
Mainloop:
@8318e: E2E2 @829 XOR.B #4,8Port_1 2 P20UT
56 mov.w  #8xAB88,R7 3 Delay with a loop is not
@83112: 4837 Apee MOV . W #axwaeesd,R7
61 L1 dec.w R7 ; Decrement R7
L1:
@83116: 8317 DEC.W R7
62 jnz L1 ; Delay aver?
@83118: 23FE JNE (L1)
64 jmp Mainloop ; Again -
k

The next window that is commonly used in debugging an assembly language program is
the Memory Browser window. The user must enter a memory address to view. For
example, if 0x3100 is chosen, the memory browser window displays the machine code of
the assembly instructions.
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[ Memory Browser i

3100}
0:3100 <Memory Rendering 1> %
| Hex16 Bit - TI Style Hex |
START, %../1bl.asm:42:73%

2031 ZEL:0)

StophDT

4862 SABG @120
SetupPl

D2E2 aB2A

Mainloop

E2E2 @829 4837 ABpa
L1
8317
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

Bxea3les
Bx883164
Exi@asled
Bx8a3164
Bx883184
Exi@a31et
BxBa316E
Bxea31le6
Bxea3116
Bxea3146
BxBa3164
Bxea3194
BxB831BE
Bxea31Es
Bx883212
Bx88323C
Ex@a3266
Bx883206
Bxea32BA
Bx@a32E4
BxBa336E

23FE
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

3FF9 FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF FFFF FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

m

The last window that is used for debugging a program is the Register window. This
window allows the user to view the MSP430 registers and the various states of the
MSP430 I/O devices. Clicking on the Core Register arrow gives the MSP430 registers.

5

it Registers &2

MName Value

4 i Core Registers
it PC 0:003100
it P 0:000300

> iy SR 00000

it R3 0:000000
it R4 0:003040
it RS 0:005898
it R 0:00110C
it R7 0:003976
atai R8 03000004
atai 9 03000004
siei R10 0:00110C
siof R1L 0:003001
siei R12 0:000000
siei R13 0:00110C
siei RL4 0+001366
siei RLS 0+00003E

i Fe— T

B |t T

Description it

Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register
Core Register

m

5. Modify the assembly language program to load a value of 0x0005 into register R7.

Build the project and then debug this project.

Next, trace through each line of the code

using the Step Into option observing the register values as each line of code is executed.
In particular, take note how R7 starts with a value 0x0005 and decreases in value until it

reaches zero.
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Procedure: Part 3. Additional Programs to be written and executed.

1. Modify and execute the C-language program so that both the green and yellow LEDs
blink alternatively on and off about once every second. For one second, the green LED is
on and the yellow LED is off. For the next second, the green LED is off and the yellow
LED is on. Adjust the value used in the delay loop to obtain the correct timing. Make
sure that this program is properly commented. An additional for loop may be needed to
obtain the desired timing. Make sure to have the lab assistant verify the functionality of
this program.

2. Repeat step 1, but this time modify and execute the assembly language program. An
additional loop may be needed to obtain the desired timing for second on and one second
off.

3. Write a C-language program that turns on the green LED when SWI1 on the
experimenter board is pressed and the yellow LED when SW2 is pressed. Execute this
program and verify that it is running correctly. Make sure that this program is properly
commented. Make sure to have the lab assistant verify the functionality of this program.

4. Repeat step 3, but this time write an assembly language program to turn on and off the
green and yellow LED’s.

Report
1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedure used to generate and execute the C-language and an assembly language
programs (To be written in your own words not cut paste from the project).

3. The source code for the C-language and assembly language programs in Part 3 (4
programs).

4. A summary of the laboratory experiment and what you have learned.
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EXPERIMENT #2
SERIAL COMMUNICATION
USING THE MSP430 UART

Goals: To develop C language and assembly language programs that provides serial

communications. In particular, the experimenter board which contains the
MSP430FG4618 and the on board Universal Asynchronous Receiver and Transmitter
(UART) will be used.

References: MSP430x4xx Family User’s Guide (Chapter 19: pages 19-1 through 19-36),
MSP430 Assembly Language Tools v 4.0 User's Guide, MSP430FG4618/F2013
Experimenter’s Board, the help menu in code composer studio, and MSP430
Microcontroller Basics by John H. Davies pages (Chapter 10: 574-590).

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment. Study in detail and become familiar with the C program and the
assembly program provided with this lab. Develop an approach to implement the C
language and assembly language programs required in Parts 1 and 2 of the procedures.

Discussion: The laboratory experiment will give the step by step procedures on creating C
language and assembly language programs that provide serial communications using the
MSP430 on board UART.

Part 1. Generating a C language program that provides serial
communications.

1. Serial communications (also known as RS232C) is an asynchronous communication
protocol that transmits 1 bit at a time. The C in the RS232C standard refers to this
communication protocol as character mode. Typically, RS232C is used to transmit and
receive ASCII data. Associated with each data set is one start bit and one or two stop
bits. The number of bits transmitted can be configured to 7 or 8 bits. In addition, parity
checking can be included and can be set either to even, odd parity, or no parity. Also, the
order of the data being sent is such that the least significant bit is transmitted first.

2. The rate in which the serial stream of bits are transmitted is known as the baud rate

with the following being the most common baud rates: 1200, 2400, 4800, 9600, 19200,
38400, and 115K.
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3. The requirement for RS232C serial communications is that the transmitting and
receiving computer be configured with the same setting / protocol. As such, there are
nine registers in the MSP430fg4618 that must be configured. These registers are
UCAOCTLO Control Register 0), UCAOCTL1 (Control Register 1), UCAOBRO (Baud
Rate Register 0), UCAOBR1 (Baud Rate Register 1), UCAOMCTL (Modulation Control
Register), UCAOSTAT (Status Register) UCAORXBUF (Receive data Buffer),
UCATXBUF (Transmit Data Buffer) and PE2SEL (Select the appropriate pin for
transmit and receive). Each of these registers is discussed in Chapter 19 of the
MSP430x4xx Family User Guide and is highlighted below.

4. UCAOCTLO register: The configuration for this laboratory experiment requires no

parity, least significant bit first (LSB), 8 data, 1 stop, UART mode and asynchronous
mode. The value that must be loaded into the UCAOCTLO register is 0x00.

UCAXCTLO, USCI_Ax Control Reglister 0

T &1 5 4 3 2 1 a
UCPEN UCPAR UCMSE UCTBIT UCSPB UCMODEX UCSYNC=0
rw—0 -0 w0 =0 rw-o - -0 -0

UCPEN Bit 7 Parity enable
0 Parity disabled.
1 Parity enabled. Parity bit is generated (UCAXTXD) and expectad
(UCAxRXD). In address-bit multiprocessor mode, the address kit is
included in the parity calculation.
UCPAR Bit 6 Farity select. UCPAR is not used when parity is disabled.
0 Qdd parity
1 Even parity
UCMSB Bit 5 MSE first select. Controls the direction of the receive and transmit shift

register.
0 LSE first
1 MSE first
UCTBIT Bit 4 Character length. Selects 7-bit or 8-bit character length.
0 B-bit data
1 7-bit data

UCsPB Bit 2 Stop bit select. Number of stop bits.
0 One stop bit
1 Two stop bits

UCMODEx  Bits USCl mode. The UCMODEX bits select the asynchronous mode when
2-1 UCSYNC = 0.
00 UART Mode.
01 ldle-Line Multiprocessor Mode.
10 Address-Bit Multiprocessor Mode.
11 UART Mode with automatic baud rate detection.

UCSYNC Bit O Synchronous mode enable
0 Asynchronous mode
1 Synchronous Mode
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5. UCAOCTLI register: The UCAOCTLI register sets the clock source to determine the
baud rate for the UART. For this project the baud rate clock source will be set to the
external Aclock (ACLK) which is set to 32768 Hz by an external crystal. The receiver
erroneous character interrupt flag is to be rejected and the special received break
characters interrupt flag is to be set to zero. The dormant state is cleared so that all
characters are received and the next frame is data not address field. UCTOBRK is cleared
so that the next frame transmitted is not a break. Finally, the UART is put into a reset
mode until the baud rate is set. Finally the UART is temporarily placed into reset state
(UCSWRST = 1) until all of the UART registers have been set. This configuration
requires that 0x41 be written into UCAOCTLI.

UCAxCTL1, USCI_Ax Control Register 1

7 & 5 4 ] 2 1 0
UCSSELX UCRXEIE UCBRKIE | UCDORM | UCTXADDR | UCTXBRK | UCSWRST
=0 =0 W= (] -0 =0 =0 =1
UCSSELx Bits USCI clock source select. These bits select the BRCLK source clock.
T-6 o0 UCLK
M1 ACLK
10 SMCLK
11 SMCLK

UCRXEIE Bit & Receive erroneous-character interrupt-enable
0 Erroneous characters rejected and UCAXRXIFG is not set
1 Erroneous characters received will set UCAXRXIFG

UCBRKIE  Bit4 Receive break character interrupt-enable
0 Received break characters do not set UCAXRXIFG.
1 Received break characters set UCAxRXIFG.

UCDORM Bit3 Dormant. Puts USCI into sleep mode.

0 Mot dormant. Al received characters will set UCAXRXIFG.

1 Dormant. Only characters that are preceded by an idle-line or with
address bit set will set UCAXRXIFG. In WART mode with automatic baud
rate detection only the combination of a break and synch figld will set
LCAXRXIFG,

UCTXADDR Eit2 Transmit address. Mext frame to be transmitted will be marked as address
depending on the selected multiprocessor mode.
0 Mext frame transmitted is data
1 Mext frame transmitted is an addfess

UCTXBRK Bit1 Transmit break. Transmits a break with the next write to the transmit buffer.
In WART mode with automatic baud rate detection 055h must be written
into WCAXTXBUF to generate the required breakfsynch fields. Otherwise
0h must be written into the transmit bufier.
0 Mext frame transmitted is not a break
1 Mext frame transmitted is a break or a break/synch

UCSWRST Bit0 Software reset enable
0 Disabled. USCI reset released for operation.
1 Enabled. USCI logic held in reset state.
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6. UCAOBRO, UCAOBR1 and UCAOMCTL registers: UCAOBRO and UCAOBRI set the
baud rate by dividing the selected clock source’s frequency by

Baud rate = (Selected Clock Source’s Frequency) / (UCABRO + UCAOBR1 * 256).

Since the clock source is the ACLK and its frequency is 32768 Hz, for a desired baud rate
of 9600 yields a baud rate divisor of 3.413. The closest integer value is 3. This
requirement sets UCAOBRO to 0x03 and UCAOBRI1 to 0x00. For this baud rate, the
MSP430’s UART requires a modulation pattern set to 0x06 (UCAOMCTL = 0x06). The
MSP430x4xx Family User’s Guide gives more information on how to set the modulation
register.

UCAxBRO, USCI_Ax Baud Rate Control Register 0

T [ 5 4 3 2 1 U]

UCERX - low byte

W & s W e I W W

UCAxBR1, USCI_Ax Baud Rate Control Register 1

7 & 3 4 3 2 1 0

VCBRX - high byte

W e W W I e rw ™

UCBRx Clock prescaler setting of the Baud rate generator. The 16-bit value of
(UCAXBRO + UCAXER1 = 256) forms the prescaler value UCERxX.

UCAxMCTL, USCI_Ax Modulation Control Register

T [ 5 4 3 2 1 U]
UCERFx UCBRSK LUCos1e
rw-0 -0 rw-o rw-0 -0 r-0 -0 w0



7. UCAOSTAT register: For the UCAOSTAT register, it is desired to have listen enable
set to a disabled mode. Also there is no requirement for error detection for framing, data
overrun, or parity. The UART will not use idle line detection or no break conditions.
Finally, the bits received by the UART are data not an address. To meet these
requirements, a value of 0x00 is loaded in the UCAOSTAT register.

UCAxSTAT, USCIl_Ax Status Register

7 E 5 4 3 2 1 0
UCLISTEN |  UCFE UCOE UCPE vcerk | vcrxern | YFAREE | uceusy
w0 w-0 w-0 w0 -0 -0 w0 -0

UCLISTEN Bit7 Listen enable. Tha UCLISTEM bit selacts Icopback modea,

0 Cilsallad
1 Emaiad. LCAXTXD 1S Intamally fed Dack 1o the racalvear.
UCFE Bt & Framing arror flag
0 Mo arror
1 Character recabyed with kow stop bit
UCoE Bit 5 Cwerrun amor flag. This ot 15 set when a chamctar 15 transfemad Into

UCAxRXELIF bafore the previous character was read. LICOE |5 clearad
automatically when LICxRXEBUF |5 read, and must not e clearad by
software. Otharsse, 0wl not UnRZUon Cormacthy.

0 Mo arrar
1 Owvemun emmor cocumad

UCPE Bt 4 Panty arror flag. Whean WCPEN = 0, UCPE Is read as 0.
0 Mo arror

1 Character recabved with parlty ermor

UCERK Blt 3 Break detect flag
0 Mo break conditlon
1 Braak conditlon cccumad

UCRXERR B2 Reacelve amor fag. This bit Indicates a character was recalved with amons).
When UCRXEERR = 1, on or more emor flags (LICFE, LCPE, LICOE) 15 also
sat. UCRXERR |5 clearad whan UCAXRXBELUF IS read.
0 Mo recalva ermors detactad
1 Facelva amor detected

UCADDR Blt 1 Address recalvad In address-bit muttlproc assor mode,
0 Recelved character Is data
1 Recalvad character 15 an addrass

UCIDLE Idle line detectsd In idle-line mMultprocessor moda,

0 Mo [dl2 line detected
1 Idle line detectad

UCBUSY BitO LUSCI busy. This DIt Indicates IT a trarsmit or racelve opsration 15 1n

progress,
0 LISCI Inactve
1 USCItransmiting or recahing
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8. UCAORXBUF and UCAORXBUF registers: UCAORXBUF register holds the last
serial data received by the UART. UCATXBUF register holds the data to be transmitted
by the UART.

UCAXRXBUF, USCI_Ax Recelve Buffer Register

7 L:] ] 4 3 2 1 ]

UCRXBUFx

UCRXBUFx Bits The raceive-data buffer is user accessible and cortains the last received
7-0 character from the receive shift register. Reading UCAXRXBUF resets the
receive-error bits, the UCADDR or UCIDLE bit, and UCAxRXIFG. In 7-bit
data mode, UCAXRXEBUF is LSE justified and the MSE is always reseat.

UCAXTXBUF, USCI_Ax Transmit Buffer Register

7 ] 5 4 3 2 1 0
UCTXBUFx
I i W rd e i rw '
UCTXBUFx  Bits The transmit data buffer is user accessible and holds the data waiting to
7=0 be moved into the transmit shift register and transmitted on UCAXTXD.

Writing to the transmit data buffer clears UCAxTXIFG. The MSB of
UCATXBUF is not used for 7-bit data and is reset.

9. There are two ways of receiving and transmitting data. One approach, is to use
interrupts that tell the MSP430 when either the transmit buffer is empty and it’s now OK
to transmit a character or the receive buffer is full so it’s OK for the MSP430 to acquire
data from the receive buffer. The other method is to use the IFG2 receive and transmitter
flags located in the IFG2 register along with disabling the interrupts in the IE2 register.
With this approach, the transmit interrupt (UCAOTXIFG) and the receiver interrupt
(UCAORXIFG) flags are continuously polled until either it’s OK to transmit data to the
transmit buffer or it’s OK to receive data from the receive buffer. For the method of the
polling, the approach used for this laboratory experiment, a value of zero must be written
into the IE2 register.
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IE2, Interrupt Enable Register 2

F =] 5 4 2 2 1 u]

UCAOTHIE | UCAIRKIE

rw-id -0

Btz These DS may De used by other modules, Sea device-specfc data shest.
72

UCAOTHEIE BRI LSCI_AD transmit Intermupt enable
i} Irtarmupt disakdled
1 Intamupt anablad

UCADRXIE BiO USCI_AD recalve Interrupt enable
0 Intarmupt disabled
1 Intamupt enablad

IFG2, Interrupt Flag Register 2

T B 3 4 3 2 1 0
US40 UCAD
TEIFG RXIFG
w-1 -0

Bits These bits may be used by other modules (see tha device-spaciic data

72 sheat).
UCAD BIt1 LSCI_AD ransmit Interrupt flag. WCAOTXIFG Is sat whan UCAOTXBLF |5
TEIFG ampty.

0 Nointerrupt pending
1 Intamupt pendng

UCAD Bt O LSCI_AD racahea Intarrupt fag. UCADRXIFG |5 sat whan LCADRXBLUF has
RXIFG recelvad a complata charactar,

0 Mo Intemupt panding

1 Intermuptpending

To disable the interrupts so that polling of the UCAOTXIFG and UCAORXIFG flags can
be used a value of 0x00 is written into the IE2 register (IE2 = 0x00). The UCAOTXIFG
flag is set to a value of 1 when the transmit buffer (UCAOTXBUF) is empty. This flag
can be used to indicate when it is OK to send new data to be transmitted to the transmit
buffer. The UCAORXIFG flag is set to a value of 1 when the receive buffer
(UCAORXBUF) is full. The receive buffer is full when a full set of bits of serial data has
been received. At this point it is OK to read the receive buffer.

10. The C language program included with this laboratory experiment has three
functions associated with the UART. The first function Init UART initializes the various
register values so to achieve the desired UART setting. The first item is to set the bits
P2.4 to the UART transmit pin and P2.5 to the UART receive pin. Also until all of the
setting are set for the UART, the UART is held in a reset mode. Upon completion of
setting the UART values, the UART is then taken out of the reset mode.

The function INCHAR UART function continuously reads the UCAORXIFG flag until
this flag is one. At this point, the function INCHAR UART reads the UCAORXBUF
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register to obtain the received data (an ASCII character). This function returns the data
received as an 8 bit unsigned character with a value in the range of 0 - 255.

The function OUTA UART transmits an ASCII character passed to this function as an
unsigned character with values in the range of 0 to 255. Like the INCHAR UART
function, the OUTA UART function continuously polls the UCAOTXIFG flag until it is
1. At this point, the UCAOTXBUF register is empty and the OUTA UART function
sends data to the UCAOTXBUF register to be transmitted by the UART.

The main body of this program initializes the UART followed by waiting for user input
and then transmits the received data back to the user for display. Finally, the program
blinks the LED on the experimenter board to indicate that the program is running.

void Init_UART(void) ;
void OUTA_UART (unsigned char 2);
unsigned char INCHAR UART (void) ;

#include "msp430fg4618.h"
#include "stdio.h"

int main (void) {
volatile unsigned char a;

volatile unsigned int i; // volatile to prevent optimization
WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer
Init_UART() ;

a=INCHAR_UART () ;
OUTA_UART (a) ;
// go blink the light to indicate code is running

P2DIR |= 0x02; // Set P1.0 to output direction
// Use The LED as an indicator
for (;;){
P20UT "= 0x02; // Toggle P1.0 using exclusive-OR
i = 10000; // SW Delay
do i--;
while (i != 0);

}

void OUTA_UART (unsigned char A) {

[ mm e e
//*********~k**~k~k*****************'k'k*'k'k**'k************************
[ e
// IFG2 register (1) = 1 transmit buffer is empty,

// UCAQOTXBUF 8 bit transmit buffer
// wait for the transmit buffer to be empty before sending the
// data out
do{
}while ((IFG2&0x02)==0);

// send the data to the transmit buffer

UCAQOTXBUF =A;
}
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unsigned char INCHAR UART (void) {

// IFG2 register (0) = 1 receive buffer is full,

// UCAORXBUF 8 bit receive buffer

// wait for the receive buffer is full before getting the data
do{

}while ((IFG2&0x01)==0);

// go get the char from the receive buffer

return (UCAORXBUF) ;

}

void Init UART (void) {

// Initialization code to set up the uart on the experimenter
// board to 8 data,
// 1 stop, no parity, and 9600 baud, polling operation

P2SEL=0x30; // transmit and receive to port 2 b its 4 and 5
// Bits p2.4 transmit and p2.5 receive
UCAOCTLO=0; // 8 data, no parity 1 stop, uart, asvync
// (7)=1 (parity), (6)=1 Even, (5)= 0 lsb first,

// (4)= 0 8 data / 1 7 data,
// (3) 01 stop 1 / 2 stop, (2-1) -- UART mode,
// (0) 0 = async

UCAQOCTL1= 0x41;
// select ALK 32768 and put in
// software reset the UART
// (7-6) 00 UCLK, 01 ACLK (32768 hz), 10 SMCLK,
// 11 SMCLK

// (0) = 1 reset

UCAOBR1=0; // upper byte of divider clock word

UCAOBRO=3; // clock divide from a clock to bit clock 32768/9600
// = 3.413

// UCAOBR1:UCAOBRO two 8 bit reg to from 16 bit
// clock divider
// for the baud rate

UCAOMCTL=0x06;
// low frequency mode module 3 modulation pater
// used for the bit clock

UCAQSTAT=0; // do not loop the transmitter back to the
// receiver for echoing

// (7) = 1 echo back trans to rec

// (6) = 1 framing, (5) = 1 overrun, (4) =1 Parity,
// (3) = 1 break

// (0) = 2 transmitting or receiving data

UCAOQOCTL1=0x40;
// take UART out of reset
IE2=0; // turn transmit interrupts off

// IFG2 register (0) = 1 receiver buffer is full,
// UCAORXIFG
// IFG2 register (1) = 1 transmit buffer is empty,

// UCAORXIFG
// UCAORXBUF 8 bit receiver buffer
// UCAQTXBUF 8 bit transmit buffer
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11. The steps required for an assembly language program is very similar to those used to
produce a C language program. The assembly language program given below initializes
the UART and then waits for user input and then transmits this received character.
Finally, this program flashes the LED on the experimenter board to indicate that the
program is running. Also included with this assembly language program, are examples
on defining variables or constants. Variables can be defined as bytes, 16-bit words or
strings. Since variables can change in value, these variables are stored in RAM using the
.sect ".sysmem” assembler directive. Constants are stored in ROM similar to program
code. The .sect ".const" assembler directive allocates constants in ROM instead of RAM.

PR I bk I I I S R Sk I S I I S A S S I I R I S Sk I 2 I 2 I

; Console I/0 through the on board UART for MSP 430X4XXX
; experimenter board RAM at 0x1100 - 0x30ff, FLASH at 0x3100;
; - Oxfbff

R R R E R R E R R EEEEEEEEEEEEEEEEEEE R R R R R R R R R R R R R

.cdecls C,LIST, "msp430fgd618.h"
cdecls tells assembler to allow the device header file

This is the stack and variable area of RAM and begins at
address 0x1100 can be used for program code or constants

; .sect ".stack" ; data ram for the stack ;
.sect ".const" ; data rom for initialized
data constants

; .sect ".text" program rom for code

; .sect ".cinit" program rom for global inits

; .sect ".reset" MSP430 RESET Vector

; .sect ".sysmem" data ram for initialized
variables. Use this .sect to
put data in RAM

;dat .byte 0x34 example of defining a byte

.bss label, 4 allocates 4 bytes of
uninitialized memory with the
name label

.word 0x1234 example of defining a 16 bit

MO Se Ne o Ne Ne o Ne o Ne o Ne o Ne o Ne oSe Ne o~

word
;strg2 .string "Hello World" ; example of a string store in
; RAM
.byte 0x0d, 0x0a ; add a CR and a LF to the string
.byte 0x00 ; null terminate the string

; This i1s the constant area flash begins at address 0x3100 can be
; used for program code or constants

.sect ".const" ; initialized data rom for
; constants. Use this .sect to
; put data in ROM
strgl .string "This is a test" ; example of a string stored
; 1n ROM
.byte 0x0d, 0x0a ; add a CR and a LF
.byte 0x00 ; null terminate the string with

; This is the code area flash begins at address 0x3100 can be
; used for program code or constants

.text ; brogram start
.global _START ; define entry point
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START mov.w #300h, SP ; Initialize 'x1121

; stackpointer
StopWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; Stop WDT
SetupPl bis.b #02h, &P2DIR ; P2.2 output
; go initialize the uart
call #Init_UART
Mainloop xor.b #02h, &P20UT ; Toggle P2.2
Wait mov.w #0A000h,R15 ; Delay to R15
L1l dec.w R15 ; Decrement R15
jnz L1l ; Delay over?
; go print a character to the screen from the keyboard
call #INCHAR_UART
call #OUTA_UART
jmp Mainloop ; Again

OUTA_UART
; prints to the screen the ASCII value stored in register 4 and
; uses register 5 as a temp value
; IFG2 register (1) = 1 transmit buffer is empty,
; UCAQOTXBUF 8 bit transmit buffer
; wait for the transmit buffer to be empty before sending the
; data out
push R5
1pa mov.b &IFG2,R5
and.b #0x02,R5
cmp.b #0x00,R5
jz lpa
; send the data to the transmit buffer UCAOTXBUF = A;
mov.b R4, &UCAQTXBUF
pop R5
ret

INCHAR_UART

IFG2 register (0) = 1 receive buffer is full,
UCAORXBUF 8 bit receive buffer
wait for the receive buffer is full before getting the data

push R5
1lpb mov.b &IFG2,R5
and.b #0x01,R5
cmp.b #0x00,R5
jz 1pb
mov.b &UCAORXBUF, R4
pop R5
; go get the char from the receive buffer
ret

Init_UART

; Initialization code to set up the uart on the experimenter board
to 8 data,
; 1 stop, no parity, and 9600 baud, polling operation
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; P2SEL=0x30;
; transmit and receive to port 2 b its 4 and 5

mov.b #0x30,&P2SEL
; Bits p2.4 transmit and p2.5 receive UCAQCTLO0=0
; 8 data, no parity 1 stop, uart, async

mov.b #0x00,&UCAQCTLO
(7)=1 (parity), (6)=1 Even, (5)= 0 1lsb first,
(4)= 0 8 data / 1 7 data, (3) 0 1 stop 1 / 2 stop, (2-1) --
UART mode, (0) 0 = async
UCAOCTL1= 0x41;
mov.b #0x41,&UCAQOCTL1

; select ALK 32768 and put in software reset the UART
; (7-6) 00 UCLK, 01 ACLK (32768 hz), 10 SMCLK, 11 SMCLK
; (0) = 1 reset
; UCAOBR1=0;
; upper byte of divider clock word

mov.b #0x00,&UCAOBR1
; UCAOBRO=3; :
; clock divide from a clock to bit clock 32768/9600 = 3.413

mov.b #0x03,&UCAOBRO
; UCAOBR1:UCAOBRO two 8 bit reg to from 16 bit clock divider
; for the baud rate
; UCAOMCTL=0x06;
; low frequency mode module 3 modulation pater used for the bit
; clock

mov.b #0x06,&UCAOMCTL

; UCAOSTAT=0;

; do not loop the transmitter back to the receiver for echoing
mov.b #0x00,&UCAOSTAT

(7) = 1 echo back trans to rec
(6) = 1 framing, (5) = 1 overrun, (4) =1 Parity, (3) = 1 break
= 2 transmitting or receiving data

UCAOCTL1=0x40;
take UART out of reset
mov.b #0x40,&UCAOCTL1

i (0)

;IE2=0;
; turn transmit interrupts off
mov.b #0x00,&IE2
(0) = 1 receiver buffer Interrupts enabled
= 1 transmit buffer Interrupts enabled

; IFG2 register (0) 1 receiver buffer is full, UCAORXIFG
; IFG2 register (1) 1 transmit buffer is empty, UCAORXIFG

UCAORXBUF 8 bit receiver buffer, UCAOTXBUF 8 bit transmit
buffer
ret

.sect ".reset" ; MSP430 RESET Vector
.short START ;
.end

Procedure: Part 1. C language program implementation of the
MSP430FG4618 UART
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1. Read the C language program included with this laboratory experiment. Become
familiar with the setting of the various registers used by the MSP430FG4818 to configure

the UART.

2. Build a CCS project using the steps described in experiment #1 using the C language
program included with this laboratory.

3. Open Hyperterminal on the Computer and create a new connection entering any name
that is desired for this new connection.

File Edit View Call Transfer Help

D& &5 0B

Connection Description

Mew Connection

Enter a name and choose an icon for the connection

T

MHame

lcon

Disconnected Auto detect  Auto detect

4. Select the appropraite communication port used by the RS232C hardware on the
desktop computer.
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File Edit View Call Transfer Help
O &2 0y

” .
e [

test

Enter details for the phone number that you want to dial.
Country/region: | Uned States (1)
Areacode: (407

Ehone number:

Connect using: [COME T v]

o

|| Disconnected Auto detect  Auto detect SCROLL CAPS | NUM  Capture | Print echo
s

5. Next, select the baud rate, the number of data bits, parity, number of stop bits to match

the setting values for the MSP430 UART (9600 Baud, 1 Stop Bit and No Parity). Also
select flow control to none.

M| File Edit View Call Transfer Help
D& &5 Do

- ~
COMS6 Properties [
Port Settings

Bits per second:
=
Fow cortrol:

[ ok ][ cance |[ sepy |

I‘Disconnected Auto detect  Auto detect SCROLL CAPS | NUM | Capture | Print echo

T
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6. Debug and run the program. The program should allow the user to enter in a single
character from the keyboard and then display this character back in the hyperterminal
screen. Finally, the program should blink the yellow LED on the experimenter board.

7.  Modify the existing C language program (a new CCS project) by adding a new
function that prints one character at a time via the UART from a string of characters to
the hyperterminal display. This function should continue printing characters until the
null character is reached (0x00) indicating an end of a string. Passed to this function
should be the starting address of the string. Nothing is needed to be returned by this
function.

8. Add the string “Laboratory #2 for EEL4742 Embedded Systems” to the C language
program generated in Step 7. Using the C language program developed in Step 7 build
the project, debug and then execute this project. Verify that the program displayed on the
hyperterminal screen is ”Laboratory #2 for EEL4742 Embedded Systems”.

9. Write a new C language program (a new CCS project) that inputs from the keyboard
the uppercase ASCII characters “G” or “Y”. Once the upper case letter “G” is entered,
the green light on the experimenter board turns on and stays on until the upper case letter
“G” is entered again. At this point, the green LED turns off. The same operation applies
for the yellow LED.

10. Write a new C language program (a new CCS project) that reads the status of SW1
and SW2 on the experimenter board and displays a one on the hyperterminal display if
the button is pressed, otherwise it displays a zero. For example, the display output on the
hyperterminal display if SW1 is pressed and SW2 is not pressed is:

SW1=1,SW2=0

Procedure: Part 2. An assembly language program implementation of the
MSP430FG4618 UART

1. Read the assembly language program included with this laboratory experiment.
Become familiar with the setting of the various registers used by the MSP430FG4818 to
configure the UART.

2. Build a CCS project using the steps described in experiment #1 using the assembly
language program included with this laboratory.

3. Open hyperterminal on the desktop computer as described in Part 1 of the procedure
for this laboratory experiment.

4. Debug and run the program. The program should allow the user to enter in a single
character from the keyboard and then display this character back in the hyperterminal
screen. Unlike the C program, this program allows the user to continuously enter in
characters from the keyboard while changing the state of the yellow LED each time.
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5. Modify the existing assembly language program (a new CCS project) by adding a
new subroutine that prints one character at a time from a string of characters via the
UART to the hyperterminal display. This subroutine should continue printing characters
until the null character is reached (0x00) indicating an end of the string. Passed to this
subroutine in a register should be the starting address of the string. Nothing is needed to
be returned by this subroutine.

6. Add the string “Laboratory #2 for EEL4742 embedded Systems” to the assembly
language program generated in Step 7. Using this assembly language program, build the
project, debug and then execute this project. Verify that the program displayed on the
hyperterminal screen is “Laboratory #2 for EEL4742 embedded Systems”. Included in
the assembly language program with this laboratory experiment are examples on how to
reserve data using the MSP430 assembler. Study the example on how to reserve a string
in assembly language.

7. Write a new assembly language program (a new CCS project) that inputs from the
keyboard the uppercase ASCII characters “G” or “Y”. Once the upper case letter “G” is
entered, the green light on the experimenter board turns on and stays on until the upper
case letter “G” is entered again. At this point, the green LED turns off. The same
operation applies for the yellow LED.

8. Write a new assembly language program (a new CCS project) that reads the status of
SW1 and SW2 on the experimenter board and display a one on the hyperterminal display
if the button is pressed otherwise it displays a zero. For example, the display output on
the hyperterminal display if neither SW1 nor SW2 are pressed is:

SW1=0,SW2=0
Report

1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedure used to generate and execute a C-language and an assembly language
program (To be written in your own words not cut paste from the project).

3. The source code for the C-language language programs in Part 1 of the procedures (4
commented programs).

4. The source code for the assembly language programs in Part 2 of the procedures (4
commented programs).

5. A summary of the laboratory experiment and what you have learned.
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EXPERIMENT #3
BASIC INPUT AND OUTPUT
USING THE MSP430 UART

Goals: To develop C language and assembly language programs that converts ASCII characters
to binary and hexadecimal numbers. The UART on the MSP430FG4618 will be used via
hyperterminal to enter in ASCII data and to display ASCII data.

References: MSP430x4xx Family User’s Guide, MSP430 Assembly Language Tools v 4.0
User's Guide, MSP430FG4618/F2013 Experimenter’s Board, the help menu in code
composer studio, MSP430 Microcontroller Basics by John H. Davies and an ASCII table.

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment. Develop a first draft of the various programs that will be required for
this laboratory experiment.

Discussion: This laboratory experiment discusses the conversion of an ASCII hexadecimal
number to a 4 bit binary number. The ASCII numbers “0” — “9” are given by the values
of 0x30 to 0x39. To convert these digits to a four bit binary number, a value of 0x30 is
subtracted from the number. For the hexadecimal digits of “A” — “F”, a different
conversion value is used. Since the ASCII letters “A” — “F” have values of 0x41 through
0x46 to convert these ASCII letters to hexadecimal values of 0xOA — 0xOF a value of
0x37 must be subtract from each of these ASCII letter.

Conversion from a hexadecimal number to an ASCII symbol is the same except for the
hexadecimal number in the range of 0 — 9 then a value of 0x30 is added to the
hexadecimal number. If the hexadecimal number is in the range of A — F then a value of
0x37 is added to these hexadecimal numbers.

To convert an ASCII uppercase letter to an ASCII lowercase letter a value of 0x20 is
added to the uppercase letter. For example to convert the uppercase letter “A” which has

a hexadecimal value of 0x41 to the lower case letter “a” a value of 0x20 is added to the
0x41 to produce a value of 0x61.

Procedure Part 1. Generating Basic input with C language programs.

1. Using the procedures from laboratory experiments 1 and 2 write a C language
program that inputs two hexadecimal ASCII numbers. Next, the program should convert
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these ASCII numbers to an 8 bit binary number. Finally, this program should display the
equivalent ASCII character on a new line in the hyperterminal window. The program
should then print a new line and start over waiting for user input. For example, if the
input to the program is a “3F”, the program should display on a new line “?”” (Ox3F is the
ASCII code for ?).

2. Write a C language program that inputs one ASCII character and displays on a new
line in the hyperterminal window its two digit hexadecimal value. The program should
then print a new line and start over waiting for user input. For example, if the input to the
program is a “T”, the program should display the numeric value of 54.

3. Write a C language program that inputs one ASCII character (“A — Z” or “a — z”
Next, the program should convert the uppercase letters to a lowercase and convert the
lowercase letters to uppercase. The program should display on a new line in the
hyperterminal window the converted letter. The program should then print a new line
and start over waiting for user input. For example, if the input is the ASCII capital letter
“A” then on a new line the ASCII lower case “a” is displayed.

4. Write a C language program that inputs 8 ASCII “0” or “1” digits. Next, the program
should convert this value to an eight bit binary number. Finally, the program should
display on a new line in the hyperterminal window, the hexadecimal value of this eight
bit binary number. The program should then print a new line and start over waiting for
user input. For example, if the input is 11010110 the display output should be “D6”.

5. Write a C language program that inputs ASCII characters and stores them in a
character array until the enter key is hit (0x0D) or until 32 characters have been entered.
Next, end the character array with the null character (0x00). Display this character
(string) array on a new line in the hyperterminal window. Finally, have the program sort
these ASCII characters from lowest to highest and display on a new line this sorted
character array. The program should then print a new line and start over waiting for user
input. For example, if the input is:

45F37X
The output display for this program would be:

45F37X
3457FX

A simple sorting algorithm can be used to sort the ASCII character array:

for(i=0; i++; 1 <N-1){
for(j = 0; j++; j <N-1){
if ARRAYTj] > ARRAYTj+1] ){
temp =ARRAYTj];
ARRAY[j]FARRAYTj+1]



ARRAY/[j+1]=ARRAY[j]
}

}

where N is the number of elements in the array ARRAYT(i] that are to be sorted.

Procedure Part 2. Generating Basic input with assembly language programs.

1. Using the procedures from laboratory experiments 1 and 2, write an assembly
language program that inputs two hexadecimal ASCII numbers. Next, the program
should convert these ASCII numbers to an 8 bit binary number. Finally, this program
should display the equivalent ASCII character on a new line in the hyperterminal
window. The program should then print a new line and start over waiting for user input.
For example, if the input to the program is a “2E”, the program should display on a new

[

line “.”.

2. Write an assembly language program that inputs one ASCII character and displays on
a new line in the hyperterminal window its two digit hexadecimal value. The program
should then print a new line and start over waiting for user input. For example, if the
input to the program is “S”, the program should display the numeric value of 53.

3. Write an assembly language program that inputs one ASCII character (“A —Z” or “a —
z”). Next, the program should convert the uppercase letters to a lowercase and convert
the lowercase letters to uppercase. The program should display on a new line in the
hyperterminal window, the converted letter. The program should then print a new line
and start over waiting for user input. For example, if the input is the ASCII lower case
letter “b”, then on a new line the ASCII capital letter “B” is displayed.

4. Write an assembly language program that inputs 8 ASCII “0” or “1” digits. Next, the
program should convert this value to an eight bit binary number. Finally, the program
should display on a new line in the hyperterminal window, the hexadecimal value of this
eight bit binary number. The program should then print a new line and start over waiting
for user input. For example, if the input is 11010100 the display output should be “D4”.

5. Write an assembly language program that inputs ASCII characters and stores them in
a character array until the enter key is hit (0xOD) or until 32 characters have been entered.
Next, end the character array with the null character (0x00). Display this character
(string) array on a new line in the hyperterminal window. Finally, have the program sort
these ASCII characters from lowest to highest and display on a new line this sorted
character array. The program should then print a new line and start over waiting for user
input. For example, if the input is:

DC12167

The output display for this program would be:
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DC12167
11267CD

The same simple sorting algorithm given in Step 4 of Part 1 of the Procedures can be

used to sort the ASCII character array but this time needs to be written in assembly
language using two loops.

Report
1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedure used to generate and execute the C-language and an assembly language
programs.

3. The source code for the C-language language programs in Part 1 of the procedures (5
commented programs).

4. The source code for the assembly language programs in Part 2 of the procedures (5
commented programs).

5. A summary of the laboratory experiment and what you have learned.



EXPERIMENT #4
LCD DISPAY USING THE
MSP430FG4618 EXPERIMENTER BOARD

Goals: To develop C language and assembly language programs that provide an interface to a
standard matrix LCD module. In particular, the experimenter board which contains the
MSP430FG4618 and the on board LCD display will be used.

References: MSP430x4xx Family User’s Guide (Chapter 26), MSP430 Assembly Language
Tools v 4.0 User's Guide, MSP430FG4618/F2013 Experimenter’s Board, the help menu
in code composer studio, MSP430 Microcontroller Basics by John H. Davies, and
laboratory experiments 3 and 4.

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment. Study in detail and become familiar with the C language program and
the assembly language program provided with this laboratory experiment. Develop an
approach to implement the C language and assembly language programs required in Parts
1 and 2 of the procedures.

Discussion: The laboratory experiment will give the step by step procedures on creating a C
language and an assembly language program that provides interfacing to the onboard
LCD display.

Part 1. Generating a C language program that provides serial
communications.

1. The LCD that is located on the experimenter board contains both seven segment
elements as well as specialty characters. By writing to the appropriate address and
memory and configuring the correct timing and voltage signals, the LCD display can be
used to display hexadecimal numbers plus these specialty symbols.
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2. LCD MEMORY MAP: Located in the memory space of the MSP430FG4618 are the
allocated memory spaces that are reserved for the LCD display. The LCD contains both
segment pins as well as common pins. In this manner, the number of pins required to
interface to the LCD display can be reduced. This requires that the LCD display be time
multiplexed with a set of segments / display elements turning on for a given instant of
time. The LCD is scanned at a rate that is faster than the eye can see so to the user the
LCD display appears to be continuously running and flicker free. A further discussion of
how each element of the LCD display is time multiplexed is given below. This requires
that a scan rate at which the LCD display is time multiplexed be specified during the
initialization of the LCD interface. The particular version of the LCD display on the
experimenter board uses memory addresses starting at the address location LCDM3 (the
right most seven segment display) and uses a total of 11 consecutive memory locations.
Writing a one to the appropriate bit in these locations turns on the associated LCD
display element.

Associated | 3 | 2 | 1 | 0| 3 | 2|1 | 0 |
Common Fins Associated
ddidress - g n Segment Pins

0fdh | —-| - | -] =] =-]=-|-—-1]-138 349, 38
oAsh | = | = | = | =[=]=|=|=-]3 372340
cdzh [ - - | - | —| -] [--]|-=]34 3534
oAth |-l - | - | -=-[ -] ]—-|—-]3 333
oaoh | = = | = | = [ =]=]=[-=]30 31,30
oaFh |- | [ = | -] | )8 29,28
osh |-l - | - | -] =-|=|-|-]26 27 26
pgph [ = = [ = | =[ =[=[=[=]2a 2524
poch (-1 - -] -/ -[-[-—-]—-J22 232
oeBh | = = [ = | =] =T=[=[=]20 21,20
T e e e e e e e B L 149, 18
09ak el = = — - == = |16 17,16
osgh |-l - [ -1 -1l -[—-1-]-]14 1514
097h | = | = [ = | = | =|=|=|=]12 13,12
09gh | = | = | = | = | = | = | = |~ |10 11,10
oesh | - — 1 -1 -] —-]1— - ]—-]18 9.8

0%dh - - = - - - - - & 7B

gaah =] - -[-]~-[-]-]~-]4 54

og2h [~|-|-[-]-]-]-]-]12 3z

031h | == | = | = | = | a= | = | = | - |0 1,0

Sn+1 Sn



3. BIT ORDER: The MSB is used for either the decimal point or the colon between the
seven segment displays. It depends on the actual display location. The colons are located
such that the LCD display can be used for a time a day clock.

B7 B6 B5 B4 B3 B2 B1 B0
DP e g f d Cc b a
COLON | e g f d b a

To reduce the number of pins required by the LCD, each segment of the LCD is scanned
at a rate faster than the persistence of the eye. Using this approach, allows the LCD
display pins to be time shared. Each of COM0 — COM3 lines as well as the segments
SP1 and SP2 lines are time multiplexed. In red, is the example of the segments that must
be on to display the number “7”. To display the number “7”” SP2 control line along with
COM1, COM2, and COM3 are used.

The multiplexing of COM0 — COM3 and SP1 — SP2 is done by the LCD A controller.
The programmer only needs to determine the scan rate of the LCD and which segments
of the seven segment display needs to be turned on. Turning on an LCD segment is done
by writing a one in the appropriate memory location in the memory map for the LCD
display starting at LCDM3.

4. LCDAVCTLO register: Before the LCD display can be used, power and bias voltages
must be applied to the LCD display. This is accomplished by setting the various
configuration bits in the LCD display voltage control register. For this laboratory
experiment, the LCD display will obtain its voltage VLCD internally and will use a 1/3
bias voltage. Since the LCD display will be using an internal voltage, all external
voltages are ignored and disabled. This gives a value of 0x00 that needs to be written to
the LCDAVCTLO register.
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LCDAVCTLO, LCD_A Voltage Control Reglster 0

7 ] 5 4 3 2 1 0
Unused ROEXT REXT VLCDEXT | LCDCPEN VLCDREFx LCDzB
rw-0 -0 rw-0 -0 -0 rw-0 -0 rw-0
Unused Bit 7 Unusad
RO3EXT Bit & V5 voltage select. This bit selects the external connection for the lowest
LCD voltage. ROZEXT is ignored if there is no RO3 pin available.
0 V5 is AVgg
1 W5 is sourced from the RO32 pin
REXT Bit & V2 - V4 voltage select. This bit selects the external connections for
voltages V2 — V4,
Q V2 - V4 are generated internally
1 V2 - V4 are sourced extarnally and the internal bias generator is
switched off
VLCDEXT  BEit 4 Voo source select
Q Voo is generated internally
1 Voo is sourced externally
LCODCPEN  Bit 2 Charge pump enable.
Q Charge pump disabled.
1 Charge pump enabled when Vicp is generatad internally
(WVLCDEXT = 0) and VLCDx = 0 or VLCDREFx = 0.
VLCDREFx Bits Charge pump reference selact
2-1 00 Internal
01 External
10 Resarved
11 Reserved
LCD2B Bit O Bias select. LCD2E is ignored when LCDMx = 00.

5. LCDAPCTLO LCDAPCTLI registers: This register is used to indicate to the MSP430
how many LCD memory addresses must be reserved by the MSP430. Writing a one to
each of the selected bits reserves these memory locations for the LCD. The particular
version of the LCD display used on the experimenter board uses on segments S4 through
S24. As such LCDAPCTLI is loaded a value of 0x00 (LCDS32 and LCDS36 are not
used) which its default value and LCDAPCTLO is loaded a value of 0x7E (LCDSO is not

used).

0 1/3 bias
1 1/2 bias
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LCDAPCTLO, LCD_A Port Control Register O

T & 3 4 3 2 1 o
LCDs28 LCDs24 LCDE2a0 LCDE18 LCDE2 LCDeE8 LCDSd LDt
w0 -0 -0 w0 - w0 w0 -0

t Segmants S01-52 an the MEP430FE4E1 x devoas are deabled from LSO furcionally whan charpe pump s enabled.

LCDSze

LCDS2a

LCDS20

LCDS1&

LcDs1z

LCDSE

LCDSa

LCDS0

BIt 7

Blt &

BIt 5

BIL 4

BIt =

Blt 2

BIt1

BIt G

LZD sagrmant 28 10 31 anabla

This kit onty affects pins with multplexed functlons. Dedicatad LCD pins
are akvays LCD function,

0 Multiplexed pins are port funcions .

1 PIns are LD unctions

LZD sagmant 24 1o 27 anabla

This bit anty affacts pins with multplexad functions. Dadicatad LCD pins
are akvays LCD function,

0 Multiplexed pins are port functions,

1 PIns are LD unctions

LZD sagmant 2010 23 anabla

This bit anty affacts pins with multplexad functions. Dadicatad LCD pins
ara alvays LCD function,

0 Multiplexed pins are port functions,

1 Plns are LD functions

LED sagmeant 1610 19 enabla

This kit onty affects pins with multplexed functlons. Dedicatad LCD pins
ara alvays LCD function,

0 Multiplexed pins are port funcions .

1 Plns are LD functions

LZD sagmant 12 1o 15 anabla

This kit onty affects pins with multplexed functlons. Dedicatad LCD pins
are akvays LCD function,

0 Multiplexed pins are port funcions .

1 PIns are LD unctions

LZD sagment 8 o 11 enabla

This bit anty affacts pins with multplexad functions. Dadicatad LCD pins
are akvays LCD function,

0 Multiplexed pins are port functions,

1 Plns are LD functions

LZD sagmant 4 12 7 anabla

This bit anty affacts pins with multplexad functions. Dadicatad LCD pins
ara alvays LCD function,

0 Multiplexed pins are port funcions .

1 Plns are LD functions

LZD sagrmant O 123 anabla

This kit onty affects pins with multplexed functlons. Dedicatad LCD pins
are akvays LCD function,

0 Multiplexed pins are port funcions .

1 PIns are LD unctions
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LCDAPCTL1, LCD_A Port Control Register 1

T G 5 4 3 2 1 1]
Unused LCDSas LCDS32
rw-0 =0 rw-0 rw-0 rw-0 -0 rw-0 -0

Unused Bits Unused
7-2

LCDS36 Bit 1 LCD segment 36 to 39 enable
This bit only affects pins with multiplexed functions. Dedicated LCD pins

are always LCD function.
0 Multiplexed pins are port functions.
1 Pins are LCD functions

LCDS32 Bit O LCD segment 32 to 35 enable
This bit enly affects pins with multiplexad functions. Dedicated LCD pins
are always LCD function.
0 Multiplexed pins are port functions.
1 Pins are LCD functions

6: LCDACTL register: This register configures the clock frequency derived from the
ACLK as well as turns on the LCD display system. Since the ACLK is at 32768 Hz, for
a LCD scan frequency of 256 Hz, a divisor of 128 is needed (LCDFREQ = 011). Also
LCDSON and LCDON need to be set to one. LCDON turns on the LCD system and
LCDSON is the master segment control that can be used to turn all of the LCD segments
off. LCDSON is typically used to flash the LCD display on / off. Since the LCD display
on the experimenter board uses four common lines COMO0-COM3, a 4 to 1 multiplex is
required by the MSP430FG4618. This requires that LCDMX be set to the four mux
option (11). Combining all of these bits together requires that the LCDACTL register be
set to 0x7D.

7. The C language program included with this laboratory experiment first initializes the
LCD system by writing to LCDACTL, LCDAPCTLO, and LCDAVCTLO registers. In
addition, the initialization function writes zero to all the bits reserved for the LCD
segments turning off all of the LCD display elements. Next, the program sets all of the
bits allocated in the MSP430 memory reserved for the LCD segments. This results in all
of the LCD display elements turning on. For example, to write the number 1 to the right
most display a value of 0x06 is written to LCDM3 memory location turning on segment
elements b and c. Since the data that must be written to the display must be an unsigned
eight bit number, a pointer is assigned as an unsigned character and pointer to the address
of LCDM3:

unsigned char *LCDSeg = (unsigned char *) &LCDMS3;
To access the various memory locations used by the LCD display (after the pointer to

LCDMEM3 has been defined) either a pointer equation is used or the standard C
language array access is used:
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* (LCDSeg+n) = 0; or LCDSeg[n]=0;

Finally, once all of the segments of the LCD are turned on, the program blinks the yellow
LED to indicate that the program is running.

LCDACTL, LCD_A Control Register

7 i ] 4 2 2 1 0
LCDFREGX LCDMXx LCDSON Unused LCDOMN
rw-0 o0 rw-o - rw—i -0 rw— e

LCOFREGx Bits LCD frequency select. These bits select the ACLK divider for the LCD
75 frequency.
000 Divide by 32
001 Divide by 64
010 Divide by 96
011 Divide by 128
100 Divide by 192
101 Divide by 256
110 Divide by 384
111 Divide by 512
LCDMXx Bits LCD mux rate. These bits select the LCD mode.
4-3 00 Static

01 2-mux
10 3-mux
11 d4-mux

LCDSON Bit 2 LCD segments on. This bit supports flashing LCD applications by turning
off all segment lines, while leaving the LCD timing generator and B33
enabled.

Q All LCD segments are off
1 All LCD segments are enabled and on or off according to their
corresponding mamaory location.

Unused Bit 1 Unused

LCDON Bit 0 LCD On. This kit turns on the LCD_A module.
Q LCD_A module off.
1 LCD_A module on.

// LCD Driver for the for MSP 430X4XXX experimenter board using
// Softbaugh LCD
// Davies book pg. 259, 260

#include "msp430fg4618.h"
#include "stdio.h"

void Init_ LCD(void) ;
// setup a pointer to the area of memory of the TMS430 that points to
// the segments
// of the softbaugh LCD LCDM3 = the starting address
// each of the seven segments for each display is store in memory
// starting at address LCDM3
// which is the right most seven segment of the LCD
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// The bit order in each byte is
// dp, B, G, F, D, C, B, A or
// ., E, G, ¥, D, C, B, A
// after the seven segments these memory locations are used to turn on
// the special characters
// such as battery status, antenna, fl-f4, etc.
// there are 7 seven segment displays
unsigned char *LCDSeg = (unsigned char *) &LCDMS3;
// there are 11 locations that are needed for the softbaugh LCD
// ony 7 used for the seven segment displays
int LCD_SIZE=11;

int main (void) {
volatile unsigned char a;

volatile unsigned int i; // volatile to prevent optimization
WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer

// setup pprt 3 as an output so to be able to turn on the LED

P2DIR |= 0x02; // Set P1.0 to output direction

// go Initialize the LCD

Init_LCD() ;

// Turn on all of the segments
// LCD_SIZE-4 only gives the 7 segment displays plus DP,
// and colons colons = dp
// Right most display is at LCDSegl[O0];
for (i=0;1i<LCD_SIZE;i++){
// To turn on a segment of the LCD a one is written in the
// appropriate location in the LCD memory
// Setting all the bits to 1 for all memory locations turns on
// all of the display elements
// Including all of the special characters
LCDSeg[i]=0xff;
}
// mnow that all the LCD segments have been turned on just toggle
// the yellow LED on / off

for (;;){
P20UT "= 0x02; // Toggle P1.0 using exclusive-O0OR
i = 10000; // SW Delay
do i--;
while (i !'= 0);
}
}
[ mm e
// Initialize the LCD system
[ m e

void Init_LCD(void) {

// Using the LCD A controller for the MSP430fg4618

// the pins of the LCD are memory mapped onto the mp430F4xxx
// memory bus and

// are accessed via LCDSeg[i] array

// See page 260 of Davie's text

// LCD_SIZE-4 only gives the 7 segment displays plus DP, and
// (colons are the same bit setting)

// LCD_SIZE-4 only gives the 7 segment displays plus DP, and
// colons (colons / dp)

// Right most seven segment display is at LCDSeg[0];

// Display format

// AAA
// F B
// X F B
// GGG
// X E C
// E C
// DP DDD
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// bit order

// dp, E, G, F, D, C, B, A or
// ., B, G, ¥, D, C, B, A
int n;

for (n=0;n<LCD_SIZE;n++) {
// initialize the segment memory to zero to clear the LCD
// writing a zero in the LCD memory location clears turns
// off the LCD segment
// Including all of the special characters
// This way or
* (LCDSeg+n) = 0;
// LCDSeg[n]=0;
}
// Port 5 ports 5.2-5.4 are connected to coml, com2, com3 of LCD and
// com0 is fixed and already assigned
// Need to assign coml - com3 to porth
P5SEL = 0x1C; // BIT4 | BIT3 |BIT2 = 1 P5.4, P.3, P5.2 =1
// Used the internal voltage for the LCD bit 4 = 0 (VLCDEXT=0)
// internal bias voltage set to 1/3 of Vcc, charge pump disabled,
// page 26-25 of MSP430x4xx user manual
LCDAVCTLO = 0x00;
// LCDS28-LCDSO pins LCDSO = lsb and LCDS28 = MSB need
// LCDS4 through LCDS24
// from the experimenter board schematic the LCD uses S4-S24,
// S0-S3 are not used here
// Only use up to S24 on the LCD 28-31 not needed.
// Also LCDACTL1 not required since not using S32 - S39
// Davie's book page 260
// page 26-23 of MSP430x4xx user manual
LCDAPCTLO = O0x7E;
// The LCD uses the ACLK as the master clock as the scan rate for
// the display segments
// The ACLK has been set to 32768 Hz with the external
// 327768 Hz crystal
// Let's use scan frequency of 256 Hz (This is fast enough not
// to see the display flicker)
// or a divisor of 128
// LCDFREQ division(3 bits), LCDMUX (2 bits), LCDSON segments on,
// Not used, LCDON LCD module on
// 011 = freqg /128, 11 = 4 mux's needed since the display uses for
// common inputs comO-com3
// need to turn the LCD on LCDON = 1
// LCDSON allows the segments to be blanked good for blinking but
// needs to be on to
// display the LCD segments LCDSON = 1
// Bit pattern required = 0111 1101 = 0x7d
// page 26-22 of MSP430x4xx user manual
LCDACTL = 0x7d;

8. The assembly language program included with this laboratory experiment first
initializes the LCD system by writing to LCDACTL, LCDAPCTLO, and LCDAVCTLO
registers. In addition, the initialization function writes zero to all the bits reserved for the
LCD segments turning off all of the LCD display elements. Next, the program sets all of
the bits allocated in the MSP430 memory reserved for the LCD segments. This results in
all of the LCD display elements turning on. For example, to write the number 1 to the
right most display a value of 0x06 is written to LCDM3 memory location turning

segment elements b and c.
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Finally, once all of the segments of the LCD are turned on the program blinks the green
LED to indicate that the program is running.

; LCD Driver for the for MSP 430X4XXX experimenter board using

; Softbaugh LCD

; Davies book pg 259, 260

; setup a pointer to the area of memory of the TMS430 that points to

; the segments

; of the softbaugh LCD LCDM3 = the starting address

.cdecls C,LIST, "msp430fg4618.h" ; cdecls tells assembler

; to allow
; the device header file

; #LCDM3 is the start of the area of memory of the TMS430 that points
; to the segments

; of the softbaugh LCD LCDM3 = the starting address

; each of the seven segments for each display is store in memory

; starting at address LCDM3

; which is the right most seven segment of the LCD

; The bit order in each byte is

; dp, E, G, F, D, C, B, A or

; ., E, G, ¥, D, C, B, A

; after the seven segments these memory locations are used to turn on
; the special characters

; such as battery status, antenna, fl-f4, etc.

; there are 7 seven segment displays

; data area ram starts 0x1100

; the .sect directives are defined in 1lnk_msp430f4618.cmd

; .sect ".stack" ; data ram for the stack

; .sect ".const" ; data rom for initialized data
; constants

; .sect ".text" ; program rom for code

; .sect ".cinit" ; program rom for global inits

; .sect ".reset" ; MSP430 RESET Vector

.sect ".sysmem" ; data ram for initialized

; variables

; there are 11 locations that are needed for the softbaugh LCD
; only 7 used for the seven segment displays
LCD_SIZE .byte 11 ; eleven bytes needed by the LCD

; This is the code area
; flash begins at address 0x3100

.text ; program start
.global _START ; define entry point
START mov.w #300h, SP ; Initialize 'x1121
; stackpointer
StopwWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; Stop WDT
SetupPl bis.b #04h, &P2DIR ; P2.2 output

; go initialize the LCD Display
call #Init_LCD
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; LCD_SIZE-4 only gives the 7 segment displays plus DP, and

; colons (colons = dp)

;  Right most display is at LCDSeg[0];

; R6 is a loop counter to cover all of the segments. This count

; counts up from O
mov.b #0x00, R6

;  R5 points to the beginning memory for the LCD

; Turn on all of the segments

; LCD_SIZE-4 only gives the 7 segment displays plus DP, and

; colons: colons = dp

;  Right most display is at LCDSegl[0];

; To turn on a segment of the LCD a one is written in the

; the appropriate location in the LCD memory

;  Setting all the bits to 1 for all memory locations turns on

; all of the display elements

;  including all special characters
mov.w #LCDM3, R5

; move Oxff into R7 to turn on all LCD segments the LCD memory
Mov.b #O0xFF, R7

1ptl mov.b R7, 0(R5)
;  Increment R5 to point to the next seven segment display
;  Increment R6 for the next count inthe loop

inc.w R5
inc.b R6
; See if the loop is finished / finish writng to the 1last display
;  element
cmp.b LCD_SIZE, R6
jnz lptl
;  Blink the green LED to make sure the code is running
Mainloop xor.b #04h, &P20UT ; Toggle P2.2
Wait mov.w #0A000h,R15 ; Delay to R15
Ll dec.w R15 ; Decrement R15
jnz Ll ; Delay over?
jmp Mainloop ; Again

; Using the LCD A controller for the MSP430fg4618

; the pins of the LCD are memory mapped onto the mp430F4xxx
; memory bus and

; are accessed via LCDSegl[i] array

; See page 260 of Davie's text

; LCD_SIZE-4 only gives the 7 segment displays plus DP, and
; (colons are the same bit setting)

; LCD_SIZE-4 only gives the 7 segment displays plus DP, and
; colons: colons / dp

; Right most seven segment display is at LCDSeg[0];

; Display format

; AAA
; F B
; X F B
; GGG
; X E C
; E C
; DP DDD

; bit order
; dp, E, G, ¥, D, C, B, A or
; ., B, G, F, D, C, B, A
; initialize the segment memory to zero to clear the LCD
; writing a zero in the LCD memory location clears turns off
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; the LCD segment
; R6 i1s a loop counter to cover all of the segments
; including all special characters
mov.b #0x00, R6
; R5 points to the beginning memory for the LCD
mov.w #LCDM3, Rb5
; move 0 into R7 to clear the LCD memory
mov.b #0x00, R7
1pt mov.b R7, 0(R5)
; Increment R5 to point to the next seven segment display
; Increment R6 for the next count in the loop
inc.w R5
inc.b R6
; See if the loop is finished
cmp.b LCD_SIZE, R6
jnz lpt
Port 5 ports 5.2-5.4 are connected to coml,com2,com3 of LCD
com0 fixed and already assigned
Need to assign coml - com3 to porth
BIT4 | BIT3 |BIT2 = 1 P5.4, P.3, P5.2 =1
mov.b #0x1C, &P5SEL
Used the internal voltage for the LCD bit 4 = 0 (VLCDEXT=0)
internal bias voltage set to 1/3 of Vecc, charge pump
disabled,
page 26-25 of MSP430x4xx user manual
mov.b #0x00, &LCDAVCTLO
LCDS28-LCDSO pins LCDSO = 1lsb and LCDS28 = MSB need
LCDS4 through LCDS24
from the experimenter board schematic the LCD uses S4-S24,
S0-S3 are not used here
Only use up to S24 on the LCD 28-31 not needed.
Also LCDACTL1 not required since not using S32 - S39
Davie's book page 260
page 26-23 of MSP430x4xx user manual
mov.b #0x7E, &LCDAPCTLO
The LCD uses the ACLK as the master clock as the scan
rate for the display segments
The ACLK has been set to 32768 Hz with the external 327768 Hz
crystal
Let's use scan frequency of 256 Hz (This is fast enough not
to see the display flicker)
or a divisor of 128
LCDFREQ division(3 bits), LCDMUX (2 bits), LCDSON segments
on, Not used, LCDON LCD module on
011 = freqg /128, 11 = 4 mux's needed since the display uses
for common inputs comO-com3
need to turn the LCD on LCDON = 1
LCDSON allows the segments to be blanked good for blinking
but needs to be on to
display the LCD segments LCDSON = 1
Bit pattern required = 0111 1101 = 0x7d
page 26-22 of MSP430x4xx user manual
mov.b #0x7d, &LCDACTL
ret

.sect ".reset" ; MSP430 RESET Vector
.short START ;
.end
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Procedure: Part 1. C language program implementation of the
MSP430FG4618 LCD Display

1. Read the C language program included with this laboratory experiment. Become
familiar with the setting of the various registers used by the MSP430FG4618 to configure
the LCD.

2. Build a CCS project using the steps described in experiment #1 using the C language
program included with this laboratory.

3. Run the program and verify that all of the LED segments have turned on and that the
yellow LCD is blinking.
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4. Write a C language program to display the number 2 (segments a,b,d,e,g) on the right
most seven segment display.

5. Write a C language program to display the number 2 (segments a,b,d,e,g) on the left
most seven segment display.

6. Write a C language program that can display the numbers 0 — 9 and the letter A, b, c, d,
E, and F. Please take note the number 6 and the letter b. The number six should have a
top hat where the letter b does not. Have this program count from 0 to F and then repeat
indefinitely.

4-13



7. Write a C language program that counts up from 0 to 999 in decimal and displays this
count on the LCD display approximately every tenth of a second if SW1 is pressed on the
experimenter board otherwise the counter counts down is SW2 is pressed and displays
the count on the LCD. If neither of the switches are pressed then the count displayed on
the LCD display is the last count.

Procedure: Part 2. An assembly language program implementation of the
MSP430FG4618 LCD Display

1. Read the assembly language program included with this laboratory experiment.
Become familiar with the setting of the various registers used by the MSP430FG4618 to
configure the LCD.

2. Build a CCS project using the steps described in experiment #1 using the assembly
language program included with this laboratory.

3. Run the program and verify that all of the LED segments have turned on and that the
green LCD is blinking.

4. Write an assembly language program to display the number 2 (segments a,b,d,e,g) on
the right most seven segment display.

5. Write an assembly language program to display the number 2 (segments a,b,d,e,g) on
the left most seven segment display.

6. Write an assembly language program that can display the numbers 0 — 9 and the letter
A, b, c,d, E, and F. Please take note the number 6 and the letter b. The number six
should have a top hat where the letter b does not. Have this program count from 0 to F
and then repeat indefinitely. Using a lookup table of the form is one method of
implementing a binary to seven segment decoder:

.byte 0x5F, 0x00,0x00,0x00,0x00
.byte 0x00,0x00,0x00,0x00,0x00
.byte 0x00,0x00,0x00,0x00,0x00,0x00

There are sixteen entries in the table one for each number to be displayed. In the table
above, the first element is the bit pattern required to display the number 0 on the LCD
display. The other entries in this table must be calculated and substituted for the zero
values given.

7. Write an assembly language program that counts from up from 0 to 999 in decimal and
displays this count on the LCD display approximately every tenth of a second if SW1 is
pressed on the experimenter board otherwise the counter counts down is SW2 is pressed
and displays the count on the. If neither of the switches are pressed then the count
displayed on the LCD display is the last count.
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Report
1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedure used to generate and execute the C-language and assembly language
programs (To be written in your own words not cut paste from the project).

3. The source code for the C-language language programs in Part 1 of the procedures (4
commented programs).

4. The source code for the assembly language programs in Part 2 of the procedures (4
commented programs).

5. A summary of the laboratory experiment and what you have learned.
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EXPERIMENT #5
HEXADECIMAL CALCULATOR
USING THE MSP430 EXPERIMENTER BOARD

Goals: To develop a C language and an assembly language program that adds, subtracts and
multiplies two hexadecimal digits. The resulting answer is then displayed on the LCD
display of the MSP430FG4618 experimenter board.

References: MSP430x4xx Family User’s Guide, MSP430 Assembly Language Tools v 4.0
User's Guide, MSP430FG4618/F2013 Experimenter’s Board, the help menu in code
composer studio, MSP430 Microcontroller Basics by John H. Davies, and laboratory
experiments #3 and #4.

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment. Develop a first draft of the various programs that will add, subtract,
and multiply two hexadecimal digits.

Discussion: Please refer to discussion content for both laboratory experiments #3 and #4.
Review the programs required in experiment #3 that converts an ASCII hexadecimal
number to a 4 bit binary number.

Procedure Part 1. C language programs.

1. Write a C language program that input from the keyboard two hexadecimal numbers
via hyperterminal. Next these two numbers are to be displayed in the hyperterminal
window and on the right most two digits of the LCD display on the experimenter board.
To convert an ASCII “0”- “9” to a four bit number, 0x30 is subtracted from the ASCII
number. To convert the ASCII capital letters “A”-“F” to a four bit number, 0x37 is
subtracted from these capital letters. To help write this program, please use as reference
the C language programs written for laboratory experiments #3 and #4.

2. Write a C language program that inputs two ASCII hexadecimal digits followed by the
“+” symbol to indicate addition. Next, the user enters a second set of two hexadecimal
digits that are to be added to the first two hexadecimal digits. The addition result is
shown on both the hyperterminal display as well as the LCD display. Three digits are
required for this resulting addition. For example, what should be displayed is:

FF + 02 =101 (0xFF + 0x01 = 0x101)
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This program should run indefinitely and start on a new line each time waiting for user
input.

3. Write a C language program that inputs two ASCII hexadecimal digits followed by the
“~” symbol to indicate subtraction. Next, the user enters a second set of two hexadecimal
digits that are to be subtracted from the first two hexadecimal digits. The subtraction
result is shown on both the hyperterminal display as well as the LCD display. Care must
be taken when the second hexadecimal number is greater than the first so the proper sign
is given. The best way to perform the subtraction is to subtract the smaller of the two
numbers from the larger of the two numbers and display a negative sign if the second
number is larger than the first number. For example, what should be displayed is:

01 - FF =-FE (0x01 — OXFF = —0xFE)

This program should run indefinitely and start on a new line each time waiting for user
input.

4. Write a C language program that inputs two ASCII hexadecimal digits followed by the
“*” symbol to indicate multiplication. Next, the user enters a second set of two
hexadecimal digits that are to be multiplied with the first two hexadecimal digits. The
multiplication result is shown on both the hyperterminal display as well as the LCD
display. Multiplication of two eight bit hexadecimal numbers can produce a result as
large as sixteen bits. As such four hexadecimal digits should be used to display the
result. For example what should be displayed is:

4E * A1 =310E (0x4E * 0xA1 = 0x310E)

Care must be taken when defining a sixteen bit integer number in C. As default an
integer number is defined as a sign number. The multiplication of two unsigned eight bit
hexadecimal numbers produces a result that is a sixteen bit unsigned integer. The
resulting variable should be defined using the unsigned descriptor:

unsigned int result;

The variable result is now in the range of 0x0000 to OxFFFF. Finally, this program
should run indefinitely and start on a new line each time waiting for user input.

5. Write a program that merges steps 2, 3, and 4 together and uses the ASCII symbols
“7 < and “*” to determine which arithmetic operation to perform. This program
should run indefinitely and start on a new line each time waiting for user input.



Procedure Part 2. Assembly language programs.

1. Write an assembly language program that inputs from the keyboard two hexadecimal
numbers via hyperterminal. Next, these two numbers are displayed in the hyperterminal
window and on the right most two digits of the LCD display on the experimenter board.
To convert an ASCII “0”- “9” to a four bit number, 0x30 is subtracted from the ASCII
number. To convert the ASCII capital letters “A”-“F” to a four bit number, 0x37 is
subtracted from these capital letters. To help write this program, please use as reference
the assembly language programs written for laboratory experiments #3 and #4.

2. Write an assembly language program that inputs two ASCII hexadecimal digits
followed by the “+” symbol to indicate addition. Next, the user enters a second set of
two hexadecimal digits that are to be added to the first two hexadecimal digits. The
addition result is shown on both the hyperterminal display as well as the LCD display.
Three digits are required for this resulting addition. For example, what should be
displayed is:

FF +01 = 100 (OXFF + 0x01 = 0x100)

This program should run indefinitely and start on a new line each time waiting for user
input.

3. Write an assembly language program that inputs two ASCII hexadecimal digits
followed by the “-” symbol to indicate subtraction. Next, the user enters a second set of
two hexadecimal digits that are to be subtracted from the first two hexadecimal digits.
The subtraction result is shown on both the hyperterminal display as well as the LCD
display. Care must be taken when the second hexadecimal number is greater than the
first so the proper sign is given. The best way to perform the subtraction is to subtract the
smaller of the two numbers from the larger of the two numbers and display a negative
sign if the second number is larger than the first number. For example, what should be
displayed is:

01 -FE=-FD (0x01 — OxFF = —0xFD)

This program should run indefinitely and start on a new line each time waiting for user
input.

4. Write an assembly language program that inputs two ASCII hexadecimal digits
followed by the “*” symbol to indicate multiplication. Next, the user enters a second set
of two hexadecimal digits that are to be multiplied with the first two hexadecimal digits.
The multiplication result is shown on both the hyperterminal display as well as the LCD
display. The MSP430 does not have an assembly language multiplication instruction.
For this project, the program needs to implement the shift and add multiplication
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algorithm. For example to multiply Ox4E with OxAl the following shift and add
algorithm is used:

0x4E 01001110
OxAl 1010 0001
0100 1110

0000 0000
0 0000 0000

00 0000 0000

000 0000 0000

0 1001 1100 0000

00 0000 0000 0000

0100111 0000 0000

011 0001 0000 1110 = 0x310E

For example, what should be displayed is:

4E * A1 =310E (0x4E * 0xA1 = 0x310E)

Finally, this program should run indefinitely and start on a new line each time waiting for
user input.

5. Write a program that merges steps 2, 3, and 4 together and uses the ASCII symbols
“7) - and “*” to determine which arithmetic operation to perform. This program
should run indefinitely and start on a new line each time waiting for user input.

Report

1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedures used to generate and execute the C-language and assembly language
programs.

3. The source code for the C-language language programs in Part 1 of the procedures (5
commented programs).

4. The source code for the assembly language programs in Part 2 of the procedures (5
commented programs).

5. A summary of the laboratory experiment and what you have learned.
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EXPERIMENT #6
INTERRUPTS USING THE
MSP430FG4618 EXPERIMENTER BOARD

Goals: To develop C language and assembly language programs that uses the timer and
interrupts to control the timed execution of an event. An interrupt service routine will be
written to flash the LED’s on the experimenter board at a given rate. Also a real time
clock and a stop watch will be implemented.

References: MSP430x4xx Family User’s Guide (Chapter 15), MSP430 Assembly Language
Tools v 4.0 User's Guide, MSP430FG4618/F2013 Experimenter’s Board, the help menu
in code composer studio, MSP430 Microcontroller Basics by John H. Davies, and
laboratory experiments #4 and #5.

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment. Study in detail and become familiar with the C program and the
assembly program provided with this lab. Develop an approach to implement the C
language and assembly language programs required in Steps 1 - 5 of the procedures.

Discussion: The laboratory experiment will give the step by step procedures on creating a C
language and an assembly language program that provide interfacing to the
MSP430FG4618 timer functions used to generate a time controlled interrupt.

1. The timer (A) module in the MSP430FG4618 can be used to generate controlled timed
events via the TAR timer (A) counter register. Depending on timer (A) mode of
operation, the TAR can count up from 0x0000 to OXxFFFF. It can also be configured to
count up from 0x0000 to a set value determined by the value stored in the TACCRO
register. The TACCRO register is used to store a 16 bit number that is compared with the
16 bit number in the TAR counter register. When the TAR register equals the TACCRO
register, the count is then reset to zero and an interrupt from the timer (A) system can
occur. In addition, the TAR register can be configured to count up to the value in the
TACCRO register and immediately count back down to zero. The timer (A) system can
be synchronous to the processer clock or it can be configured as asynchronous using an
external clock source such as the ACLK. Finally, the value in the TAR register can be
cleared to zero by setting the TACLR bit in the TAOCTL / TACTL register. Chapter 15
of MSP430x4xx Family User’s Guide gives a detailed discussion of the timer (A) system
in the MSP430FG4618.
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2. TAOCTL / TACTL Register: This register configures the mode and the clock input for
the timer (A) system located in the MSP430FG4618. Bits 8 - 9 determine the clock
source for the timer. For this laboratory experiment, the clock source will be derived
from the ACLK (01) which is at 32768 Hz. Also for this project, a divide by 8 option
(bits 6 - 7= 11) will be used so as to reduce the input to the timer A system by a factor of
8. Since the ACLK is at 32768 Hz, this sets the clock input to the timer (A) system to
4096 Hz. There are four possible modes that timer (A) can be used with. The goal of
this project is to generate an interrupt whenever the TAR register reaches a selected value
store in TACCRO. As such, the timer (A) mode that must be selected is the count up
mode to the value stored in TACCRO register (bits 5 - 4 = 10). TACLR bit will be set to
zero so as not to clear the TAR register and the TAIE the timer (A) interrupt enable bit
will be set to one so an interrupt will be generated every time the TAR register reaches
the value stored in TACCRO. For the options selected for this laboratory experiment, a
value of 0x01D4 must be stored in the TAOCTL register.

TACTL, Timer_A Control Register

16 14 13 12 1 10 a8 B
Unusad TASSELx
=) -} ) - -0 -} =) W)
T G B 4 el 2 1 o
1Dx MCx Unused TACLR TAIE TAIFG
-3} -} rw—0) {0 - w0} nw-[a) nw—a)
Unused Blts Linused
15-10

TASSELx Blts TImar_A cloack source salact
a-8 00 TACLK

01 AGCLK
10 SMCLE
11 Irwvarted TACLE
1D Bits Input dividar, Thesa bits salect the divider for the Imput clock.
T-6 o0 oA
o 2
10 /4
11 8
MCx Blts Moda confrol, Sotting MCX = 00h whan TImer_A |5 not In use consarves
5-4 power,

00 Stop mode: the tmer 1s halted

01 Up mode: the timer counts up to TACCRO

10 Continuous made: the imar counts up to OFFFFN

11 Up'down mode: the timer counts up to TACCRO then down to CO00n

Unused BIt 2 Linused

TACLR BIt 2 Timer_A clear. Setting this bit ressts TAR, the clock divider, and the count
direction. The TACLR bit 1s automatically resst and k& akwways read as zero.

TAIE BIt1 Timar_A Intarrupt enabie, This bit enables the TAIFG Interrupt requast.
[} Intarmupt disabled
1 Intarmupt enabled

TAIFG BIit O Timear_A Intarrupt flag
0 Mo Intarrupt pending
1 Intermupt parding
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3. TACCRO Register: This register holds the 16-bit numeric value that is compared
against the value in the TAR register. When the TAR register reaches the value stored in
TACCRO register, an interrupt is generated and TAR register is set to zero. The
generation of this timer interrupt allows for an interrupt service function to be executed at
a given rate. In this manner, time critical applications can be implemented. A one
second interrupt rate for the interrupt service function with an input clock source to the
timer A system of 4096 Hz (as described in Step 2 above) would require a value of 4096
(0x1000) be stored in the TACCRO register. This would result in an interrupt being
generated every 4096 counts or once a second. An interrupt rate of twice a second would
require a numeric value of 2048 (0x800).

TACCRX, Timer_A Capture/Compare Register x

15 14 13 12 ik 10 ] ]
TACCRx
-0} re—(0} rev—{0) rw—(0) rw—(0) -0 rw—(0) rei—(0
7 & 5 4 3 2 1 ]
TACCRx
rev—(0) rw—(0) rev—(0) rw—(0) rw—(0) rov—(0) rw—(0) ]

TACCRx Bits Timer_A capture/compare register.
15-0 Compara mode: TACCRx holds the data for the comparison to the timer value
in the Timer_A Register, TAR.
Capture mode: The Timer_A Register, TAR, is copied into the TACCRx
register when a capture is performed.

4. TACCTLO Register: For this laboratory experiment, the only bit of interest in the
TACCTLO register is the CCIE bit. This bit enables the generation of an interrupt
whenever the value stored in compare register TACCRO equals the value in the TAR
register. A one must be written into this bit location to turn on interrupts using the
capture compare option in the timer (A) system. As such, a value of 0x0010 is written in
to the TACCTLO register.
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TACCTLx, Capture/Compare Control Register

18 14 13 12 1 10 g [
CMx cCEx 808 SCC Unusad CAP
-0} W) w0y L] w-{) r n w0}
7 3 3 4 [ 2 i o
OUTMOD celE el ouT cov CCIFG
-} W) -y () r - - {0} -0}
CMx BIt Captura moda
1514 00  Nocaptura
01 Capture on dsing edge
10 Capture on falling edge
11 Capture on both rising and falling edges
CCl5x Bit Caplura/compars Input selact. Thess bits salect the TACCRX Input slgnal.
1312 See the device-specifc data shest for spechic signal connectians.
o0 CClxs
| CChe
10 GMND
11 Voo
5C5 BIt11  Synchronize capture soums, This DIt ks used 1 synchronize he capturs Input
slgnal with the timar clock.
0 Asynchronous capture
1 Synchronous captura
SCCl BIt10  Synchronlzed capturefcompare Input The salected CCI Input signal s
late hed with the EQUX slgnal and can be read va this Dt
Unused Bit9 Unused. Read only. Always read as 0.
Cap Bit & Capure mode
0 Compars mods
1 Capiura mode
OUTMODx  Bits Cutput mode. Modes 2, 3, 6, and 7 are not usetul for TAGCRD because
T-5 EQLIX = EQUD.

5. SR Register: Before the timer interrupt routine can be used, the general purpose
interrupts within the MSP430 must be enabled by setting the General Interrupt Enable

(GIE) bit in the Status Register (SR). In the C programming language, this is

000 OUT bitvalus
o0 Set

010 Toggleiresst
01 Setresat
100 Togale

101 Rosat

110 Togale/sst
111 Rasetisat

accomplished using the following function:

_ _enable_interrupt () ;

To disable interrupts the disable interrupt function is used:

Using assembly language, the SR register is loaded directly using the bit set (BIS)

assembly instruction:

_ disable_interrupt() ;

bis.w #0x0008,SR
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6. The C language program included with this laboratory experiment first initializes the
timer system by writing to TACCTLO, TAOCTL, and TACCRO registers. Next, the GIE
bit is set in the SR register. The last item the C language must provide is to set the timer
interrupt vector to the address of the C language program interrupt service function.
When a timer interrupt occurs, the timer interrupt vector holds the address of the location
of where in memory the interrupt function to be executed is located. It is the
responsibility of the C language program to load the address of interrupt service function
into the timer interrupt vector. There are three items required to setup a timer interrupt
function. First, the function must be defined as an interrupt function:

__interrupt void Time_ISR(void);
Next, the interrupt function needs to be associated with the timer interrupt vector:

#pragma vector = TIMERAO_VECTOR; ,
and finally, the interrupt function itself is defined:

_interrupt void Timer_ISR(void)

{
// Simply blink the light using the ex-or operator

P20UT ~=0x02;
}

In the example code above, this interrupt function simply turns the yellow LED on and
off every time the interrupt function is called.

The following C language program gives an example on how to generate an interrupt at a
fixed rate of time to flash the yellow LED on and off using the timer A system. The main
body of the program is presently empty running forever using an endless for loop.

//****************************************************************************
// LED BLINK program using the timer A function and Interrupts

// experimenter board RAM at 0x1100 - ©x30ff, FLASH at 0x3100 - Oxfbff
// Port 2 is used for the LED's Port 2 bit 2 is the green LED,

// Port 2 bit 1 is the yellow LED

/!

//****************************************************************************
// must include the C header to get the predefined variable names

#include "msp430fg4618.h"
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#include "intrinsics.h"

// include if input and output routines are used in c
#include "stdio.h"

__interrupt void Time_ISR(void);

int main(void)

{
// tell the compiler not to optimize the variable i volatile unsigned int i;
WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer
P2DIR |= @x@2; // port 2 bit 1 to as an output
// 1=output @ = input
P20UT = 0x02; // go turn the LED ON

// TACCTLO capture compare register
// need only to enable interrupts with this reg all other values are left ©
// using compare mode
// Bit 4 is the compare/capture enable interrupt bit 1 = enabled
// TACCTLO CCIE;
TACCTLO = 0x010;

// next the general purpose maskable interrupt bit GEI must be set in the SR
// register

// to turn on the maskable interrupts

// next must use an intrinsic function given in intrinsics.h

// to turn interrupt on use _ enable_interrupt();
// to turn interrupt off use _ disable_interrupt();
// TACTL =TAOCTL // timer a control register

// bits 8 and 9 set the clock input @0=TACLk, ©1=ACLK(32768 Hz), 10=SMCLK(1
// MHz)
// bits 7 and 6 set the divider ©00=/1, 01=/2, 10=/4, 11=/8
// bits 4 and 5 set the mode 00 stop, 01 up count from © to the value in the
// TACCRO reg
// 10 counts from © to Oxffff, 1 up / down mode © to TACCRO then to ©
// bit 3 unused bit 2 =1 clears counter, bit 1=1 enables interrupt
// bit @ status Timer a interrupt flag = 1 interrupt pending
// ACLK @1, CLR timer = 1, /8, and count up mode
// in binary 0000 0001 1101 0100
// TAGCTL = MC_1 | ID_3 | TASSEL_1 | TACLR;
TAOCTL = 0x01D4;

// TACCRO counter value register

// ALCK = 32768 Hz

// for one second time t= (N*8) /32768 N=4096 = 0x1000 max count =6 5535
TACCRO=0x1000;

// Go enable the interrupts now that the timer is setup as desired
__enable_interrupt();

for (5;5){
// add main body of code here as required

}
}

// must now setup the interrupt function in C need to point the function
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// address to the

// timer interrupt vector located at OxFFF2, this is done with the #pragma
// statement

#pragma vector = TIMERA@_VECTOR;

// the __interrupt tells C that the following function is an interrupt

// function

// the interrupt function must pull off the stack the SR reg

__interrupt void Timer_ISR(void)

{
// Simply blink the yellow LED using the ex-or operator

P20UT ~=0x02;
}

7. The equivalent assembly language program to initialize the timer A system is given
below. The timer A system is initialized by writing to the TACCTLO, TAOCTL, and
TACCRO registers. Next, the GIE bit is set in the SR register using the move.w
instruction. The last item required by the assembly language program is to set timer
interrupt vector to the address of the assembly language program interrupt service
function. This is accomplished using .sect assembler directive:

.sect ".int22"
.word TIMER_ISR

“int22” is the location in the interrupt table reserved for the timer interrupt and is defined
in the *.cmd file and is included as one of the project files. “.int22” equates to the
physical address of OxFFEC for the MSP430FG4618. The .word assembler directive
that follows the .sect assembler directive reserves two bytes in memory allocated to the
address of the timer interrupt function. At assembly time, the assembler places in two
these two bytes the address of the timer interrupt function given by the label name
TIMER ISR.

In the assembly language interrupt service function given below, the timer interrupt
function ends with a return from interrupt instruction (reti) to indicate the end of
assembly instructions associated with the interrupt service function:

; here's the timer interrupt function
; 1t simple flashers the green LED
TIMER_ISR

xor.b #0x04, &P20UT

reti

This interrupt function example simply turns the green LED on and off every time the
interrupt function is called.

The equivalent assembly language program to the C language program above is given
below. This program initializes the timer A system and sets up the timer interrupt service
function to turn on and off the green LED. The main body of the assembly program is
presently empty running forever using an endless loop via a jmp instruction back onto
itself.
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;*****************************************************************************

5 LED BLINK program using the timer A function and Interrupts

5 experimenter board RAM at 0x1100 - ©x30ff, FLASH at 0x3100 - Oxfbff
; Port 2 is used for the LED's Port 2 bit 2 is the green LED,
; Port 2 bit 1 is the yellow LED

]
;*****************************************************************************

;5 must include the C header to get the predefined variable names

.cdecls C,LIST,"msp430fg4618.h" ; cdecls tells assembler to allow
; the c header file

.text 5 program start

.global _START ; define entry point
T =~
START mov.w  #O0x300,SP ; Initialize 'x1121 stackpointer
StopWDT mov.w  #WDTPW+WDTHOLD, &WDTCTL ; Stop WDT
SetupP2 bis.b  #0x04,&P2DIR ; port 2 bit 2 to as an output

; l=output @ = input
Mainloop mov.b  #0x04,8&P20UT ; set P2.2 =1 turn LED on

; TACTL = TAOCTL timer a control register
; bits 8 and 9 set the clock input @0=TACLk, ©1=ACLK(32768 Hz), 10=SMCLK (1
5 MHz)
; bits 7 and 6 set the divider 00=/1, 01=/2, 10=/4, 11=/8
; bits 4 and 5 set the mode 00 stop, ©1 up count from © to the value in the
5 TACCRO reg
; 10 counts from @ to Oxffff, 1 up / down mode © to TACCRO then to ©
; bit 3 unused bit 2 = 1 clears counter, bit 1 = 1 enables interrupt
; bit @ status Timer a interrupt flag = 1 interrupt pending
; ACLK @1, CLR timer = 1, divide 8, and count up mode
; in binary 0000 0001 1101 0100
; TACTL = MC_1 | ID_3 | TASSEL_1 | TACLR |TAIE;
; TACTL = 0x01D4;
mov.w #0x1D4, &TACTL

; TACCRO counter value register
; ALCK = 32768 Hz
; for one second time t= (N*8) /32768 N=4096 = 0x1000 max count =65535
; TACCRO=49999;
mov.w #0x1000,&TACCRO
; TACCTLO capture compare register
; need only to enable interrupts with this reg all other values are left ©
; using compare mode
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; Bit 4 is the compare/capture enable interrupt bit 1 = enabled
; TACCTLO = 0x010;
; TACCTLO = CCIE;

mov.w #0x0010,&TACCTLO

; next the general purpose maskable interrupt bit GEI must be set in the SR
register
; to turn on the maskable interrupts.
; 80 enable the interrupts in the SR register GIE = bit 3 = ©0x0008
bis.w #0x0008, SR
; bis.w #GIE,SR

; main body of code goes here
; just a loop for now

lpaq jmp lpaq

; here's the timer interrupt function

; 1t simply flashes the green LED

TIMER_ISR xor.b #0x04, &P20UT
reti

to load and interrupt vector the .sect assembler diretive must be used

the .sect directives are defined in lnk_msp430f4618.cmd

the various interrupt vectors are defined at the end of the msp430fg4618.h
header file for TIMERA® the vector address is OXFFEC.

From the lnk_msp430f4618.cmd file this corresponds to int22

Ve Lo Le Lo Ve Ve e Lo

.sect ".int22"

.word  TIMER_ISR

.sect ".reset" ; MSP43@ RESET Vector
.short START

.end

Procedure: Part 1. C language program implementation of interrupts using
the timer included with the MSP430FG4618

1. Read the C language program included with this laboratory experiment. Become
familiar with the setting of the various registers for the timer used by the
MSP430FG4618.

2. Build a CCS project using the steps described in experiment #1 using the C language
program included with this laboratory.

3. Run the program and verify that the yellow LCD is blinking.

4. Change the timer TACCRO register so that the interrupt function is executed every two
seconds instead of every one second.
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5. Write a C language program using the results of laboratory experiments #4 and #5 that
implements a 12 hour real time clock using the LCD display unit on the MSP430FG4618
experimenter board. The clock should include hours, minutes, and seconds:

11:55:23

Every second, the LCD display should be updated with the new time. The LCD display
should be called from the timer interrupt service function to update the various seven
segment displays based upon a set of time variables. The following gives the pseudo
code to increment the various time variables. For example, whenever the second tenths
variable reaches 6, this variable is reset to zero and the minute units variable is
incremented by 1.

su = second units
st = second tenths
mu = minute units
mt = minute tenths
h = hours

hu = hour units

ht = hour tenths

su++;
if(su == 10)
{su=0; st ++;}
if(st == 6)
{st =0; mu++}
if(mu == 10)
{mu = 0; mt++}
if(mt == 6)
{mt=0; h++}
if(h ==13)
{th=1;}
hu =h;
ht = 0;
if(h == 10);
{hu=0; ht=1);
if(h==11);
{hu=1; ht=1);
if(h == 12);
{hu=2; ht=1);

Procedure: Part 2. An assembly language program implementation of the
MSP430FG4618 LCD Display

1. Read the assembly language program included with this laboratory experiment.
Become familiar with the setting of the various registers for the timer used by the
MSP430FG4618.
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2. Build a CCS project using the steps described in experiment #1 using the assembly
language program included with this laboratory.

3. Run the program and verify that the green LCD is blinking.

4. Change the timer TACCRO register so that the interrupt function is executed every two
seconds instead of every one second.

5. Write an assembly language program that implements a 4 digit stopwatch “9999” using
the two switches SW1 and SW2 on the MSP430FG4618 experimenter board. Laboratory
#1 used these two switches to turn on the two LEDS. When SWI is pressed, the
stopwatch starts counting up at the rate of 0.1 seconds and when SW2 is pressed, the
stopwatch is reset to zero. The best place to poll the status of the SW1 and SW2 is in the
main loop and using a flag along with a counter variable in the interrupt service routine.
If SW1 is pressed during a timer interrupt, the counter is incremented by 1. Also, in the
timer interrupt service function, the update of the LCD display should occur.

Report
1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedure used to generate and execute the C-language and assembly language
programs (To be written in your own words not cut paste from the project).

3. The source code for the C-language language programs in Part 1 of the procedures (1
commented program: the real time clock).

4. The source code for the assembly language programs in Part 2 of the procedures (1
commented program: the stopwatch).

5. A summary of the laboratory experiment and what you have learned.
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EXPERIMENT #7
ANALOG TO DIGITAL CONVERSION USING THE
MSP430FG4618 EXPERIMENTER BOARD

Goals: To develop C language and assembly language programs that uses the 12-bit analog to
digital converter in the MSP430FG4618 to read the analog voltage from a LM34
temperature sensor. The value read from the temperature sensor will them be converted
to a binary-coded-decimal number and displayed on the LCD display of the experimenter
board representing the temperature in degrees Fahrenheit.

References: MSP430x4xx Family User’s Guide (Chapter 28), MSP430 Assembly Language
Tools v 4.0 User's Guide, MSP430FG4618/F2013 Experimenter’s Board, the help menu
in code composer studio, MSP430 Microcontroller Basics by John H. Davies, and
laboratory experiments #4 and #5.

Equipment: A desktop computer system running code composer, the MSP430FG4618
experimenter board and the MSP430 USB-Debug interface (MSP-FET430UIF).

Pre-laboratory: Read this experiment carefully to become familiar with the procedural steps
in this experiment. Study in detail and become familiar with the C language and the
assembly language programs provided with this lab. Develop an approach to implement
the C language and assembly language programs required in Steps 1 - 5 of the
procedures.

Discussion: The laboratory experiment will give the step by step procedures on creating a C
language and an assembly language program that provide interfacing to the
MSP430FG4618 analog to digital A(/D) functions used to read the LM temperature
sensor connected to the A1l analog input pin.

1. The A/D section of the MSP430FG4618 is a 12-bit A/D that converts an analog
voltage between the two voltages of ref- and ref+. Ref+ and ref- is user selectable and
can be derived from an internal voltage reference or from an externally supplied voltage
source. A part of the A/D system is a sample and hold circuit that samples the input
voltage and holds this voltage value for the A/D during the analog-to digital conversion
process. The input to this sample and hold circuit is a multiplexer that selects one of
eight analog inputs (A0-A8) (the number of analog inputs depends on the actual MSP430
selected). The A/D conversion process can be a single channel or it can be a sequence of
channels starting at a selected channel and ending at another selected channel. An A/D
conversion can be started via an interrupt or via software control. In non-interrupt mode,
a single bit is used by software to start an A/D conversion (ADC12SC). Setting this bit to
a one starts an A/D conversion. A part of the timing for the A/D a master clock is used
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and can be set to be one of the several clocks available for the MSP430FG4618. The
result of an A/D conversion result are then stored in the MSP430FG4618 memory
starting at ADC12MEMO.

2. ADCI12CTLO Register: There are two control registers used to configure the A/D
converter system on the MSP430FG4618. ADCI12CTLO register sets the timing as well
as the reference voltage source used by the A/D system. Before any of the registers can
be set, it is required that the ADC120N bit be set to zero to make sure that the A/D
system is off. This is easily accomplished by writing a zero to ADC12CTLO. For this
laboratory experiment, the sample and hold number of clock cycles will be set to 4 (b15 -
b12 = 0000) and the number of A/D conversion clock cycles will be set to 64 (b11 — b8 =
0100). Since the goal of the A/D conversion for this laboratory experiment is to convert
a single channel (A1), the MSC bit should be set to 0 for a single A/D conversion. The
internal reference source will be used for the A/D voltage reference input and the 2.5 volt
reference value will be selected. This reference needs to be turned on by setting the
REFON bit to 1. Finally, the A/D system should be turned back on ADCI20N =1 (b7 —
b4 = 0111). Since this laboratory experiment will not be using interrupts, both the
ADCI12VIE and the ADCI2TOVIE bits should be set to zero. Until all of the A/D
system registers have been configured, the ENC and the ADC12SC bit should be set to
zero. This sets bits b15 — b0 as 0x470.

ADCA12CTLO, ADC12 Control Register 0

18 14 13 12 11 o 2] g

SHTIX SHTOX
P WD) P -{e) -] oD ) L)
7 5 5 4 ] 2 1 0
MSC REF2 5V | REFON | aDcizon |apcizovie | 4552 EMC ADCA2SC
w3 w0 {0 e[l -2 w-(3] w7 {0}
Madlilabiecnity when ENG -0

SHT1x Blts Sampla-and-hold tme. Thasa bits deiina the nurmber of ADC12CLE cyclas In
1512 the sampling periad for reglsters ADC12ZMEME to ADCIZMEMI S,
SHTox BIts Sample-and-hald tma. Thesa bts deiina the nurmber of ADC12CLK cyclas In

11-8 tha sampling pariad for registars ADCT2MEMOD 10 ADCT12MEMT.

SHTx Bits  ADCA 2CLK cycles

0000 4
o0 8
oo 16
oo e
o100 64
o a6
0110 128
o 182
1000 266
10 364
o 512
101 TEE
1100 1024
1N 1024
1110 1024
1111 1024




MsC Bit7

REFz_5V Bits

REFOM Bits

ADC120N  Bit4

ADC120VIE Bit3

ADCA2 Bit2
TOVIE
ENC Bit 1

ADCi2sC  Bito

3. ADCI2CTLI1 Register:
MSP430FG4618 to configure the A/D converter.
location where the A/D conversion results will be stored. For this laboratory experiment,
it is desired to have the conversion results stored in memory location ADC12MEMO (b15
— 12 = 0000). Bits b1l — 19 select the timing control source for the sample and hold
circuitry and the A/D converter. The goal of this laboratory experiment is to use the
ASC12SC bit to control the start an A/D conversion. As such, the SHSX bits should both
be set to zero. The SHP bit tells the A/D converter where to obtain its sampling signal
from and should be set to 0 so that the source is directly from the sampled input. The
input signal should not be inverted (ISSH = 0) and the ADC12 clock divider should be

Multiple sample and conversion. Valid only for sequence or repeated modes.,

0 The sampling timer reguires a rising edge of the SHI signal to tigger
each sample-and-conversion.

1 The first rizsing edge of the SHI signal triggers the sampling timer, but
further sample-and-conversions are performed automatically as soon
as the prior conversion is completed.

Reference generator voltage. REFON must also be set.
0 15V
1 25V

Reference generator on
0 Reference off
1 Reference on

ADCA12 on
] ADC12 off
1 ADC12 on

ADCA12MEMx overflow-interrupt enable. The GIE bit must also be s=t to
enable the interupt.

0 Cwverflow interrupt disabled

1 Cwerflow interrupt enabled

ADCA2 conversion-time-overflow interrupt enable. The GIE bit must also be
set to enable the interrupt.

0 Conversion time overflow interrupt disabled

1 Conversion time overflow interrupt enabled

Enable conversion
0 ADC12 disabled
1 ADC12 enabled

Start conversion. Software-controlled  sample-and-conversion  start.
ADCA125C and ENC may be set together with one instruction. ADC123C is
reset automatically.

0 Mo sample-and-conversion-start

1 Start sample-and-conversion

set to a divide by 1. This set bits b15 - b0 to 0x0000.
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ADCA2CTLA, ADC12 Control Register 1

15

14

13 12 1 10 B g

CETARTADDX SHSx ZHP ISSH

w41

w-{0)

E

) w-{l) r-(a) () rw4a) )

5 4 a 2 1 o

ADC1ZDNVx ADC1ZSSELY CONSEDX et

w40

w-{0)

CSTART
ADDx

SHSx

SHP

ISSH

ADC12DIVx

ADC12
SSELx

CONSEQxX

ADC12
BUSY

4. ADC12MEMO — ADC12MEMIS5 registers: These 16 registers are used to store the
analog to digital conversion results from the 16 A/D inputs.
experimenter board analog inputs A0-A8 are available on header J8 and use ADCMEMO
— ADCMEM?7. The 12 bit conversion result is stored in the lower 12 bits of this 16 bit

Blts
15-12

Bilts

11-10

B2

Bt

Bilis
75

Bits
4-3

Bits
2-1

Bit 0

i) -} -0 () rw-{a) r-ig)

rAxdfiabieonly when ENC =0

Converslon  stat address.  These Dits  select  which  ADCHZ2
converskn-mamory reglster 1s used for a single converslon or for the first
converskon In a sequance. The wvalue of CSTARTADDX Is O to OFh,
cormesponding o ADCS12MEMO to ADC1ZMEM1S.

Sarmple-and-hold source salact
00 ADCA125C bit

01 Tmer_A.OUT1

10 Tmer_B.OUTD

1 Tmer_B.OUT1

Sa I'I'l:l|9ﬂ'?ll'llj-l'll:l|l:| |:ILI|SE-ITIEIEB salct. This ot salects the source of the
sampling slgnal (SAMPCOM) to be elther the output of the sampling tmer or
the sample-Input signal directly,

0 SAMPCON sknal Is sourced from the sarmple-Input slgnal.

1 SAMPCON sknal Is sourced from the sampling timer,

Irvart slgnal sampla-and-hold
0 The sample-Input signal Is not Invertad,
1 The sample-Input signal Is Imertad,

ADCAZ clock divider
003 A

oo
010
o1
100
1
10
111

BEEOHG EGM

ADC12 clock source select
00 ADC1208C

01 ACLK

10 MCLK

11 SMCLK

Conversion sequence mode select

00 Single-channel, single-conversion
01 Sequence-of-channels

10 Repeat-single-channel

11 Repeat-sequence-of-channels

ADC12 busy. This bit indicates an active sample or conversion operation.
0 Mo operation is active.
1 A sequence, sample, or conversion is active,

number with the upper 4 bits always set to zero.
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ADC12MEMx, ADC12 Conversion Memory Registers

18 14 13 12 1 (] )
[} a [} 0 Canversion Results
it} 0 i i ™ o W
T -1 & 4 3 2 1
Conversion Results
Conversion Bits The 12-bit conversion results are right-justified. Bit 11 is the MSEB. Bits 15-12
Results 15-0

5. ADC12MCTLO register: This register selects the type of A/D conversion that will be
performed either a sequence of channels or a single channel, the A/D reference source,
and the input channel(s) used. Since this laboratory experiment needs a single analog
input channel of A1, the EOS bit should be set to 0 to indicate not an end of a sequence
and the INCHX bits should be set to 0001 for channel Al.
voltage input must be selected to use the internal 2.5 volt reference. This is accomplished
by setting Vr+ to VREF+ and Vr- to AVSS (ground) (SREFX bits set to 001).

results.

Combining these bits together gives b7 - b0 = 0x11.

ADCA2MCTLx, ADCA2 Conversion Memory Control Registers

T

& 3 4 3 2 1

are always 0. Writing to the conversion memory registers will corrupt the

Next, the A/D reference

EQS

SREFX INGHx

W)

EOQS

SHEFx

INCHx

{0} w0} n-(0} w-(2) -2 -2}

tadiliabiecnly when ENC =0

BIt7  Endof ssquance. Indicates the last converslon In a saquence.
0 Mot end of sequance
1 Endof sequence

Bilts Salact referance

=) Q00 Vg, =AVos and Vg_ = AVgs
o Vg, =Vpger,and Vp_ = AVgg
010 Vg, =Veger, and Vp_ = AVgg
011 Vg, =Voger, and Vp_ = AVsgs
100 Vg, = AVpoz and Vg_ = Veer' Voper_
101 Vg, =VRer,and Vp_=Vgrer Veper._
N0 Vg, =Veger, and Vy_ = VRer Veper_
1M1 Vg, =Veger, and Vp_ = VRer VeRer_

Blts Input channel salect
3-0 Q000 AD
a1 Al
amo A2
Ly | A3
o100 A4
0101 A5
o110 AG
o1 AT
1000 Veper,
1001 Ve VeRer-
1010 Temperatura sansor
1011 (AVioo — AVas) /2
NO0 (AVoo — AVss) /2, A12 on 'FG43X and 'FG461 X davices
101 (ANDo — AVss) /2, A123 o0 'FG43X and 'FG461x davices
M0 (AVn — AVe=) /2, A4 on 'FG43X and 'FG461x davices
1111 (AVDD — AVss) /2, A15 on 'FG43x and 'FG461x davices
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6. ADCI2IE register: This register is used to enable interrupts for each of the 16 analog
inputs. An interrupt can be set to occur anytime one of these sixteen A/D conversions
has been completed. For this laboratory experiment, the goal is to use software to start
the A/D conversion (ADC12SC =1). As such this register should be set to zero.

ADCA2IE, ADC12 Interrupt Enable Register

15 14 13 12 " 10 a g

ADCAIEAS | ADCAZIE14 | ADCAZIE3 | ADCHZIE{Z | ADCHZIEN | ADCA2IE10 | ADCH2IED ADCAZIES

] ] ree—(1) rw—(0) rw—{0} rev—ii0) ] ]

7 L B 4 3 2 1 ]

ADCA{2IET | ADCAZIEE | ADCAZIES | ADCAZIE4 | ADCAZIER | ADCi2IE2 | ADCA2IE1 ADCAZIED

rw—{ i) ] ree—(10) rw—(0]) rw—{0) rei—(0) (i) re—( )

ADC12lEx Bits Interrupt enahble. These bits enable or disable the interrupt request for the
15-0 ADCA12IFGx bits.
0 Interrupt disabled
1 Interrupt enabled

7. Finally, since all of the A/D registers are configured, it is now OK to turn on the A/D
system by setting the ENC bit to a one and setting the ASC12SC bit to 0 in the
ADCI2CTLO register (ADCI2CTLO = ADCI2CTLO ‘or’ with 0x02). An A/D
conversion will now occur anytime the ADC12SC bit goes from a zero to a one. This is
accomplished by first setting the ADC12SC bit to zero (ADC12CTLO = ADC12CTLO
‘and” OxFFFE) and then setting it to a one (ADC12CTL0 = ADC12CTLO ‘or’ 0x0001).

8. A C program example is given below that uses the timer interrupt to sample the analog
input Al at a rate of 10 times a second. Also given in the timer interrupt routine, is a
comment on where to place code for the LCD display function to display either the 12 bit
or the upper 8 bit A/D conversion result. The variable nc holds the most significant eight
bits of the 12 bit A/D conversion result. As a final note, Port 6 which is also the A/D
input has been set to an input to minimize leakage current between the digital output
circuitry of Port 6 and the A/D input pins (A0 — A7).

// A/D conversion using the MSP 430FG4618
// experimenter board.
// The A/D is set for single sample mode and

// 1s started by the timer (A) interrupt. It uses the timer interrupt
// to time the A/D conversions
[ m

#include "msp430fg4618.h"
#include "stdio.h"
#include "intrinsics.h"

void Init_Timer (void) ;

volatile unsigned int n=0; // need a variable to store the A/D
conversion
volatile unsigned char nc=0; // need a 8 bit variable
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int main(void)
{

volatile unsigned char a;

volatile unsigned int i; // volatile to prevent optimization
WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer
P2DIR |= 0x02; // Set P1.0 to output direction

// to eliminate any leakage current from the digital
// port buffer port 6

// which is used for the A/D inputs should be made as an
// input port

// make all of port six inputs

P6DIR = 0x00;

// go initialize the timer for a timed interrupt
Init_Timer () ;

// Set the ADC12 to sample single-channel conversion mode
// Initialize the state of the ADC control register to zero
// the ENC bit ADCI12CTLO bit 1 must be zero to set

// many of the A/D

// control register values

ADC12CTLO =0x0000;

// There are two control registers the must be

// set ADC12CTLO and ADC12CTL1

// bits 15 -12 set the number of clocks cycles for

// the sample and hold time

// this program will use 64 clock cycles

// (bits 15 - 12 not used here so set to 0000)

// bits 11 - 8 set the clock cycle required for

// the A/D result registers

// ADC12MEMO - ADCI12MEM15 (bits 11 - 8 = 0100) Set to
// 64 clock cycles

// MSC bit 7 only used for multiply samples not

// used here so set to zero

// REF2_5V bit 6 set to a 2.5 volts bit 6 = 1

// The internal reference REFON bit 5 set to on bit 5 =1
// A/D system on ASCI20N bit 4 =1

// ADC120VIE bit 3 not used set to zero bit 3 = 0

// ADC 12TOVIE bit 2 not used set to zero bit 2 = 0

// ENC bit 1 set to zero to configure the registers

// ENC set to 1 to enable A/D conversion

// ADC12SC bit 0 to 1 to start A/D conversion

// ADC12SC must be set to zero to stop A/D conversion
// 15 - 0

// 0000 0100 0111 0o0O0O

ADC12CTLO = 0x0470;

// ADC1l2CTL1

// Bits 15 - 12 start A/D results memory address

// address 0 - 15 corresponding

// ADC12MEMO - ADC12MEM15

// Bits 11 - 10 sample and hold clock source

// set to 00 for software control via ADC12SC bit

// bits 9 Sample and hold input signal

// set to 0 for source is from the sample input signal
// bit 8 the input can be inverted

// bit 8 set to 0 for no inversion

// bits 7 - 5 A/D conversion clock rate divider from
// the input clock source

// Set to 000 for divide by 1 the A/D clock freg =

// the clock source freg

// bit 4 - 3 sets the ADC12 clock source

// set to 00 to use the ADC120SC use the ADC oscillator
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// bits 2 - 1 type of conversion single/ multiple

// set to 00 for single channel conversion

// bit 0 is a flag indicating id the A/D is busy ADC12BUSY
// Bits 15 - 0

// 0000 00 O O 000 00 00 O

// Setup to start at ADC12MEMO

ADC12CTL1 = O;

// ADC12MCTLO register is used to select the reference
// input and the start channel in the sequence. For the
// program Al will be in the input
// the reference will be the internal VREF and ground (AVSS)
// bit 7 indicate last conversion set to zero
// bits 4 - 6 set VREF = 001 for internal reference
// bits 0 - 3 set input channel to Al = 0001
// ADC12MCTLO = bits 7 - 0 = 0 001 0001 = 0x011
ADC12MCTLO = 0x11;
// The ADC2IE register sets the interrupt enable for each of the
//16 inputs AO0-Al1l5. 0 = disabled, 1 = enabled
ADCI12IE = 0x0000; // All interrupts disable
// Now that the all of the A/D registers have been
// configured go ahead and enable the A/D converter
// system by setting ENC to 1 (ADC12CTLO bit 1)
ADC12CTLO |= 0x02;
// go start the A/D first conversion to be read by the
// next timer interrupt
ADC12CTLO |= 0x01;

for (;;)

{

// this i1s the main program loop

// must now setup the interrupt function in C need to point the
// function address to the timer interrupt vector located at O0xFFF2,
// this is done with the #pragma statement
##ipragma vector = TIMERAO_VECTOR;

// the __interrupt tells C that the following function is an
interrupt

// function

// the interrupt function must pull off the stack the SR reg
__interrupt void Timer_ ISR (void)

{

// Go get the 12 bit binary value from the A/D conversion

// need to get data from the start ADC memory location of ADCI12MEMO

n = ADC12MEMO;

// Need to set the ADC12SC bit to zero so another A/D

// conversion can be

// started at the end of this timer interrupt routine by setting
ADC12SC to 1

// ADC12SC is located in ADC12CTLO bit 0

// Need to leave all the other bits alone

ADC12CTLO &= OXFFFE;

// Need to get the upper eight bits on the result is a 12 bit

// number eliminate the lower 4 bits and use the upper 8 bits

nc = (unsigned char) (n>>4);

// add LCD display routine here

// Go start a new A/D conversion that will be completed the next

// time this interrupt routine is called

ADC12CTLO |= 0x01;

// Simply blink the yellow LED using the ex-or operator
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// to tell the the timer routine is working
P20UT "=0x02;

void Init_Timer (void)
{
// TACCTLO capture compare register
// need only to enable interrupts with this reg all other
// values are left 0
// using compare mode
// Bit 4 is the compare/capture enable interrupt bit 1 = enabled
// TACCTLO = CCIE;
TACCTLO = 0x010;
// next the general purpose maskable interrupt bit GEI must
//be set in the SR
// register
// to turn on the maskable interrupts
// next must use an intrinsic function given in intrinsics.h
// to turn interrupt on use __ enable_interrupt();
// to turn interrupt off use _ disable_interrupt();
// TACTL =TAOCTL // timer a control register
// bits 8 and 9 set the clock input 00=TACLK,
// 01=ACLK(32768 Hz), 10=SMCLK (1
// MHz)
// bits 7 and 6 set the divider 00=/1, 01=/2, 10=/4, 11=/8
// bits 4 and 5 set the mode 00 stop, 01 up count from
// 0 to the value in the
// TACCRO reg
// 10 counts from 0 to Oxffff, 1 up / down mode 0 to
// TACCRO then to 0
// bit 3 unused bit 2 =1 clears counter, bit 1=1
// enables interrupt
// bit 0 status Timer a interrupt flag = 1 interrupt pending
// ACLK 01, CLR timer = 1, /8, and count up mode
// in binary 0000 0001 1101 0100
// TAOCTL = MC_1 | ID_3 | TASSEL_1 | TACLR;
TAOCTL = 0x01D4;
// TACCRO counter value register
// ALCK = 32768 Hz
// for one second time t= (N*8) /32768 N=4096 =
// 0x1000 max count =6 5535
// for 1/4 of a second N=0x400
TACCR0=0x400;
// Go enable the interrupts now that the timer is
// setup as desired
_ _enable_interrupt () ;

}

8. An assembly language program example is given below that uses the timer interrupt to
sample analog input Al at a rate of 10 times a second. Also given in the timer interrupt
routine is where to place code to display on the LCD either the 12 bit or the upper 8 bit
A/D conversion result. The register R7 holds the most significant eight bits of the 12 bit
A/D conversion result. As a final note, Port 6, which is also the A/D inputs, has been set
to an input to minimize leakage current between the digital output circuitry of Port 6 and
the A/D input pins (A0 — A7).

; A/D conversion using the MSP 430FG44618
; experimenter board.
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7

7

The A/D is set for single sample mode
and is started by the timer (A) interrupt. It uses the timer
interrupt to time the A/D conversions

.cdecls C,LIST, "msp430£fg4618.h" ; cdecls tells
; assembler to allow
; the device header file

the .sect directives are defined in Ink_msp430f4618.cmd

.sect ".stack" ; data ram for the stack
.sect ".const" ; data rom for initialized data
; constants
.sect ".text" ; program rom for code
.sect ".cinit" ; program rom for global inits
.sect ".reset" ; MSP430 RESET Vector
.sect ".sysmem" ; data ram for initialized
; variables

This is the code area
flash begins at address 0x3100

.text ; brogram start

.global _START ; define entry point
START mov.w #0x300, SP ; Initialize 'x1121 stackpointer
StopWDT mov.w #WDTPW+WDTHOLD, &WDTCTL ; Stop WDT
SetupPl bis.b #0x04, &P2DIR ; P2.2 output

go initialize the Timer
call #Init_Timer

to eliminate any leakage current from the digital port buffer port 6
which is used for the A/D inputs should be made as an input port
make all of port six inputs
mov.b #0x00, &P6DIR
Set the ADC12 to sample single-channel conversion mode
Initialize the state of the ADC control register to zero
the ENC bit ADCI12CTLO bit 1 must be zero to set many of the A/D
control register values
mov.w #0x0000, &ADC12CTLO
There are two control registers the must be set ADC12CTLO
and ADC12CTL1 bits 15 -12 set the number of clocks cycles for the
sample and hold time
this program will use 64 clock cycles
(bits 15 - 12 not used here so set to 0000)
bits 11 - 8 set the clock cycle required for the A/D result registers
ADC12MEMO - ADC12MEM15 (bits 11 - 8 = 0100) Set to 64 clock cycles
MSC bit 7 only used for multiply samples not used here so set to zero
REF2_5V bit 6 set to a 2.5 volts bit 6 =1
The internal reference REFON bit 5 set to on bit 5 =1
A/D system on ASC120N bit 4 =1
ADCI120VIE bit 3 not used set to zero bit 3 = 0
ADC 12TOVIE bit 2 not used set to zero bit 2 =0
ENC bit 1 set to zero to configure the registers
ENC set to 1 to enable A/D conversion
ADC12SC bit 0 to 1 to start A/D conversion
ADC12SC must be set to zero to stop A/D conversion
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; 15 - 0
; 0000 0100 0111 o0O0O0O
mov.w #0x0470, &ADC12CTLO
ADC12CTL1
Bits 15 - 12 start A/D results memory address 0 - 15
corresponding ADC12MEMO - ADC12MEM15
Bits 11 - 10 sample and hold clock source
set to 00 for software control via ADC12SC bit
bits 9 Sample and hold input signal
set to 0 for source is from the sample input signal
bit 8 the input can be inverted
bit 8 set to 0 for no inversion
bits 7 - 5 A/D conversion clock rate divider from the input
clock source
Set to 000 for divide by 1 the A/D clock freqg = the clock source freqg
bit 4 - 3 sets the ADC12 clock source
set to 00 to use the ADC120SC use the ADC oscillator
bits 2 - 1 type of conversion single/ multiple
set to 00 for single channel conversion
bit 0 is a flag indicating id the A/D is busy ADC12BUSY
Bits 15 - 0
0000 00 0O O 000 00 0O O
Setup to start at ADCI12MEMO
mov.w #0x0000, &ADC12CTL1
ADC12MCTLO register is used to select the reference input and the
start channel in the sequence. For the program Al will be
in the input the reference will be the internal VREF
and ground (AVSS)
bit 7 indicate last conversion set to zero
bits 4 - 6 set VREF = 001 for internal reference
bits 0 - 3 set input channel to Al = 0001
ADC12MCTLO = bits 7 - 0 = 0 001 0001 = Ox11
mov.b #0x11l, &ADC12MCTLO
; The ADC2IE register sets the interrupt enable for each of the
; 16 inputs AO0-Al5. 0 = disabled, 1 = enabled
mov.w #0x0000, &ADC12IE
All interrupts disable
Now that the all of the A/D registers have been configured
go ahead and
and enable the A/D converter system by setting ENC to 1
(ADC12CTLO bit 1)
bis.w #0x0002, &ADC12CTLO
; go start the A/D first conversion to be read by the next timer
; lnterrupt

bis.w #0x0001, &ADC12CTLO

Mainloop
; Main body of the program code goes here
jmp Mainloop ; do it again

; here's the timer interrupt function
; it simply flashes the green LED
TIMER_ISR xor.b #0x04, &P20UT
Go get the 12 bit binary value from the A/D conversion
need to get data from the start ADC memory location of ADC12MEMO
go store it in register R7
n = ADC12MEMO ;
mov.w &ADC12MEMO, R7
; Need to set the ADCI12SC bit to zero so another A/D conversion can be
; started at the end of this timer interrupt routine by
; setting ADC12SC to 1 ADC12SC is located in ADC12CTLO bit O
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; Need to leave all the other bits alone
; ADC12CTLO &= OXFE;
and.w #0xXFFFE, &ADC12CTLO
; go shift over R7 by 4 bits to the right to get the most
; significant 8 bits of
; the A/D conversion

rra.w R7
rra.w R7
rra.w R7
rra.w R7

; Add code here to display the upper 8 bits of the result
; go start the A/D first conversion to be read by the next timer
; interrupt

bis.w #0x0001, &ADC12CTLO

reti

7

; Initialize the timer system
Init_Timer
TACTL = TAOCTL timer a control register
bits 8 and 9 set the clock intput 00=TACLk,
01=ACLK (32768 Hz), 10=SMCLK (1 MHz)
bits 7 and 6 set the divider 00=/1, 01=/2, 10=/4, 11=/8
bits 4 and 5 set the mode 00 stop, 01 up count from O to the
value in the TACCRO reg
10 counts from 0 to Oxffff, 1 up / down mode 0 to TACCRO then to 0
bit 3 unused bit 2 = 1 clears counter, bit 1 = 1 enables interrupt
bit 0 status Timer a interrupt flag = 1 interrupt pending
ACLK 01, CLR timer = 1, divide 8, and count up mode
in binary 0000 0001 1101 0100
TACTL = MC_1 | ID_3 | TASSEL_1 | TACLR |TAIE (TACTL = 0x01D4)
mov.w #0x1D4, &TACTL
TACCRO counter value register
ALCK = 32768 Hz
for one second time t= (N*8) /32768 N=4096 = 0x1000
max count =65535 for 1/4 second N = 0x0400
mov.w #0x0400, &TACCRO
TACCTLO capture compare register
need only to enable interrupts with this reg all other
values are left 0 using compare mode

Bit 4 is the compare/capture enable interrupt bit 1 = enabled
TACCTLO = 0x010;
TACCTLO = CCIE;

mov.w #0x0010,&TACCTLO

; next the general purpose maskable interrupt bit GEI must be

; set in the SR register to turn on the maskable interrupts.

; go enable the interrupts in the SR register GIE = bit 3 = 0x0008
bis.w #0x0008, SR

H bis.w #GIE, SR
ret

to load and interrupt vector the .sect assembler directive
must be used the .sect directives are defined in 1lnk msp430£f4618.cmd
the various interrupt vectors are defined at the end of the
msp430fg4618.h header file for TIMERAO the vector address is OXFFEC.
From the 1lnk_msp430f4618.cmd file this corresponds to int22

.sect ".int22"
.word TIMER_ISR
.sect ".reset" ; MSP430 RESET Vector
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.short START
.end

9. The LM34 is configured on the experimenter board as shown below and is connected
to analog A/D input Al.

+Vs Vout

+iv O Ln34

=T

L 4

Vout

Bottom View

The LM34 produces an output voltage of 0.01 volts per degrees Fahrenheit and the A/D
produces 2048 counts (12 bit) in the voltage range of 0 to 2.5 volts (Vr+ = VREF+ = 2.5
volts). Since only the most significant 8 bits will be used, this is equivalent to 2.5 volts
per 256 counts. To convert the binary count from the A/D to degrees Fahrenheit, the
following conversion must be used:

Degrees Fahrenheit = (A/D conversion result) * 2.5 volts / 255 counts
*1/ (.01 degrees Fahrenheit / volt)

Degrees Fahrenheit = (A/D conversion result) * 0.98039215 Degrees Fahrenheit / count

For example consider a temperature of 78 degree Fahrenheit. The A/D conversion will
return a result of about 80 (decimal) counts after shifting the twelve bit result by 4 bits to
the right to obtain the most significant 8 bits. To perform the conversion from A/D counts
to temperature in degrees Fahrenheit, a binary multiplication is needed. Since the
MSP430 does not do floating point arithmetic operations, the floating point number must
be represented by an integer number. The binary point for the coefficient of 0.98039215
could be moved to the right by 8 bits. Then an integer multiplication could be performed
and then the binary point of this multiplication could then be relocated 8 bits to the left of
the most right bit. This is essentially multiplying 0.98039215 by 256 = 250.98 (or the
closest integer value of 251 = O0xFB). Consider the closest binary representation for
0.98039215.

0.98039215 D7 [D6 [D5 |[D4 |[D3 |D2 | DI | Do

1 (1 [1 |1 1 0 1 1 | 0xFB

and the &-bit A/D result of 80 counts.
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20 decimal D7 |D6 |D5 [D4 |[D3 [D2 | D1 [ DO

o [1 [o [1 0 0 0 0 | 0x50

The multiplication of these two 8 bit numbers (FB times 50) yields a 16 bit result of
0x4E70. Remembering to place back the radix (binary) point 8 bits to the left of the most
right bit gives a final value of 0x4E.70. The integer value of this result gives the integer
value of the temperature for the LM34 in degrees Fahrenheit (0x4E in decimal is 78).
The conversion from A/D counts to degrees Fahrenheit requires the multiplication of two
8 bit integer numbers and then using the upper eight bits of the 16 bit multiplication
result.

10. To convert a binary number to a binary-coded-decimal (BCD) number, the shift left
and add three algorithm is used (/http://en.wikipedia.org/wiki/Double dabble). Consider
converting an 8 bit number to a BCD number. Since the maximum value for an 8 bit
number is 255, 3 BCD digits will be required (12 bits). The algorithm starts with all
zeros loaded into the resulting 3 BCD numbers (all 12 bits). The binary value is shifted
to the left one bit at a time. Anytime any one of the 4 bit BCD digits are greater or equal
to 5 a value of 3 (0011) is added to this BCD digit. After 8 shifts, the 8 bit binary number
has been converted to a 3 digit BCD number. Below is a table that gives an example for
converting the 8 bit binary number of OxFF to 3 BCD digits (12 bits) using the shift left
and add three algorithm. Anytime the resulting BCD digit is greater or equal to 5, a value
of 3 is added to this BCD digit. After eight shifts, the three BCD digits are 2, 5, and 5,
which is the decimal value for OxFF = 255.

B CD I1|BCDZ2|BCD 3 B I NARY
P11 ]1]1
olofofolofolofolofoJo [ttt ]ttt l1]1][1]shl
L1 shl
L]l shl
olofoJoJofof[ofo]Jo[o[1]1 add
1loft]oJ1]1f1]1]1 rslt
1lof1folifi]1]1]1 shl
olofoJolofofofo]Jofo[1]1 add
1{1JoJofol1]1]1]1 rslt
1[1]ofo]o]1 1]1 shl
1{1]oJofo]1]1 1 shl
olofoJolofof[1]1]o]o]o0]0O add
olofoJol1]ofol1]JofJof1]1]1]1 rslt
1Jofol1]ofJol1]1]1]1 shl
ojlo[ojolof[of[ofo]o]o[1]1 add
olofof1lofof[1]oJ1]o]1]0]1 rslt
olof1]oJof1fof1]of1]o0]1
2 5 5 2 5 5 b
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Below is a pseudo C language program that converts an eight bit binary number to three
BCD digits. The program loops through all 256 values of the variable I converting each
of these values to the three BCD digits of h, t, and u. The final result is the BCD
conversion result which is printed on the screen using the prinf function.

#include <cstdlib>
#include <iostream>
#include <stdio.h>

using namespace std;

int main(int argc, char *argv([])
{
unsigned int u, t,h;
unsigned int 1i,j,num, temp;
// scan through all 256 values to be converted to BCD
for(i = 1;1 <= 255;i++){
num = 0;
temp = 1i;
for(j = 0;3 <= 7;3++){
temp = temp <<1;
num = num + ((temp & 0x100) >> 8);
u = num & 0x00f;
t = num & 0x0£f0;
h = num & 0xf00;
if(u >= 5)
num = num + 0x003;
if(t >= (5 << 4))
num = num +0x030;
if(h >= (5 << 8))
num = num + 0x300;
num = num <<1;

num = num >>1;

u = u;

t >> 4;
h = h > 8;
printf ("\n%i %i%i%i\n",i,h,t,u);
}

system ("PAUSE") ;

return EXIT SUCCESS;

o
I

Procedure: Part 1. C language program to display the temperature of the
LM34 on the LCD display of MSP430FG4618 experimenter board

1. Read the C language program included with this laboratory experiment. Become
familiar with the setting of the various registers for the A/D converter used by the
MSP430FG4618.
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2. Using the C language example for setting up the A/D converter, the LCD programs
written for laboratory experiment #4, and the pseudo C language program to convert a
binary number to BCD, write a C language program that displays on the LCD display of
the MSP430FG4618 experimenter board the temperature of the LM34 temperature sensor
in degrees Fahrenheit. Do not forget to use only the most significant 8 bits of the 12 bit
converter result.

3. Build a CCS project using the steps described in laboratory 1 using the C language
program developed in Step 2.

4. Run the program and verify it displays the correct temperature in the range of 70 to 80
degrees Fahrenheit. Touch the LM34 temperature sensor with your fingers and verify the
temperature on the LCD display increases in value.

Procedure: Part 2. Assembly language program to display the temperature of
the LM34 on the LCD display of MSP430FG4618 experimenter board

1. Read the assembly language program included with this laboratory experiment.
Become familiar with the setting of the various registers for the A/D converter used by
the MSP430FG4618.

2. Using the assembly language example for setting up the A/D converter, the LCD
programs written for laboratory experiment #4, and the pseudo C language program to
convert a binary number to BCD, write an assembly language program that displays on
the LCD display of the MSP430FG4618 experimenter board the temperature of the
LM34 temperature sensor in degrees Fahrenheit. Do not forget to use only the most
significant 8 bits of the 12 bit converter result. Since the MSP430 does not have a
multiply instruction, the assembly language multiply routine written for laboratory
project #5 should be used for the multiplication required to scale the A/D converter
result.

3. Build a CCS project using the steps described in laboratory 1 using the assembly
language program developed in Step 2.

4. Run the program and verify it displays the correct temperature in the range of 70 to 80

degrees Fahrenheit. Touch the LM34 temperature with your fingers and verify the
temperature on the LCD display increases in value.

Report
1. Include in the laboratory report the objective of the laboratory experiment.

2. The procedure used to generate and execute the C-language and assembly language
programs (To be written in your own words not cut paste from the project).

7-16



3. The source code for the C-language language program in Part 1 of the C language
procedures (1 commented program).

4. The source code for the assembly language program in Part 2 of the assembly language
procedures (1 commented program).

5. A summary of the laboratory experiment and what you have learned.
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