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The content of this class is applicable to the following products:

SW006012—MPLAB® C for PIC24 MCUs and dsPIC® DSCs (also called MPLAB® C30)
SW006013—MPLAB® C for dsPIC DSCs
SW006014—MPLAB® C for PIC24 MCUs
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Lab Exercise 1

Creating an MPLAB C Based Project

ﬂPurpose

The purpose of this lab is to illustrate the steps required to create an MPLAB® C based project within the MPLAB
Integrated Development Environment. You will learn how to select the compiler as the build tool, which files
must be included in your project, how to allocate a heap and what code must be included in your source file.

@Requirements

Development Environment:  MPLAB 8.60 or later
C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: e Explorerl6 Development Board with PIC24FJ128GA010

¢ MPLAB Real ICE™ or MPLAB ICD3

¢ Proteus Board Level Simulator

Lab files on class PC: C:\MTT\TLS2130\Lab1\...

Objective

For this first lab, the instructor will walk you through the process of creating an MPLAB® C based project and
describe the various decisions that must be made along the way. The steps are described in their entirety
throughout this section. Upon completion of this exercise, you will have a complete C project setup in MPLAB
with bare minimum required framework in place so that all you need to do is add your application code. More
advanced features such as setting configuration bits in code and interrupts will be covered later in the class.
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m Procedure

This is a follow-along lab. Follow the steps along with the instructor.

[m Setup the Core MPLAB® Project

Open MPLAB and start the project wizard by se- ~ MPLAB IDE
lecting from the menu: , :
File Edit View

Project » Project Wizard...

05 o I

Click Next > to continue.

9 in the Device combo box, select the

PIC24FJ128GA010. : X
s'epS:I)erza device EE/'@

CIick to continue.

Although we will be using the
m PIC24FJ128GA010 for this class, Coiica
this process applies equally to all = zwmw 3
PIC24, dsPIC30 and dsPIC33 fam- %
ily devices.
[ <Back J[ Net> ][ Concel | [ Heb |

In the Active Toolsuite combo box, select REQEIAUEEE
the MPLAB C30 Toolsuite.

Two:
elect a language toolsuite
Click] Next> | to continue.

Active Toolsuite: Microchip C30 Toolsuite v

Toolsuite Contents

The | X f h i Asse 30-cs.m ~
- mpiler - )

= Ocatlons or the various e.X MPLAB LINK308b;ctmewkerlgcmc£;edml G
ecutables listed under Toolsuite 1IR30 8rehivet frieMLar ovel
Contents should be found auto- Loasion
matically unless you have a non- \Piog
standard installation.

[ Help! My Suite Isn't Listed! ] [] Show all installed toolsuites

[ <Back ][ Net> ] [ Cancel | [ Hep
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Click and navigate to:

C:\MTT\TLS2130\Lab1

Then name the file Lab1l.mcp

CIick to continue.

Add files to the project:
In the left hand list box, navigate to:
C:\MTT\TLS2130\Lab1

Select the file Lab1.c

cick

0 Select the file TLS2130.a

Click
CIick to continue.

Project Wizard

Step Three:
Create a new project, or reconfigure the activ

]

@ Create New Project File

CAMTTHTLE2130Mab1

Reconfigure Active Praject
Make changes without zaving
Save changes to existing project file

Save changes to anaother project file

Browse...

< Back ” Next >

| | Cancel | | Help

Project Wizard

S

Step Four:
Add exdsting files to your project

B

1] MCu21 -
3-C MCUz201

33 TLS21m

3] TL52130

+ ] Getting Started =
5+ Lab

; ] Lab1-zolution
Explarer 16.05M
Labl.c

[ adds> |

| Remave |

A CAMTTATLS 2130 ab14Labl &
A CAMTTATLS 21300 bW TLE 2130

This library file (TLS2130.a) is
not a required component of all
C projects. It was created for
this class to simplify LCD inter-
facing and switch debouncing on
the Explorer 16 Development
Board. The complete source
code for this library file is in-
cluded on the class CD.

o

TL52130.a
TL52130h

4 T

< Back |[ Next > ]| Cancel || Help

o

Until recently, you would have been required to add a linker script to the project at this point.
As of MPLAB 8.10, the correct linker script will be automatically selected and used in the
background, eliminating the need to add it to the project tree manually. While the link step
will work in the same way as before, you will not see the linker script in the project tree.
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At this point, you have a complete C30 project with the minimum configuration—including some items in
the main source file which we will discuss shortly. For many applications, we could stop here and simply

add in our source code. However, to cover a broader range of applications, we will next allocate a heap
so that we can freely use the standard C libraries which include many functions that require a heap.

A heap is simply a block of RAM where we can dynamically allocate and deallocate variables
as needed. Think of it as a scratch pad, or a temporary storage area.

from the menu: Project Wizard...
Project » Build Options... » Project

0 Open the project build options by selecting I e oo s i cota  Conte xS e

vo @

New...

Close b

Set Active Project 4

Clean

|  Export Makefile

Build Al Ctrl+F10

Make F10

Build Configuration >

[ Budoptons.— | Project_
o Select the MPLAB LINK30 Tab Build Options For Project “Lab1.mcp” RIX
ﬁ]llfhzaﬁezg eSaige box, enter a value of 128 Dvectodce Chaton Buld Trace ASMILI0 e
' MPLAB ASM30 MPLAB C30 MPLAB LINK30
bytes.
Categories: | General N

The choice of 128 bytes is somewhat arbi- Generate Command Line
trary. It was selected as a good starting point
but may need to be altered depending on Heapsice |12 bytes  [C] Allow ovedapped sections
your application. If you do not use any of the Min Stack Size: bytes
standard C library functions (such as printf or
the string manipulation routines) or you never
use the malloc function yourself, then you Symbol Defirdians
probably don’t need a heap and may skip
this step. If your application requires a heap,
but nonpe is )c/ieclargg, you will %et a compiFe
error. If you allocate a heap that is too small,

you will likely encounter runtime errors due to
the malloc function returning null as a result

of too little space being available. St Delay

~heap=128 -Map="${BINDIR_)${TARGETBASE) map" -report-mem -0"$(BIN

[ Use Altemate Settings

Lok J[ Concel J[ oy J[ Heo |
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10,

(OPTIONAL)
Select the Directories Tab

If you are content with the suite defaults for
the various directory paths, you may skip this
step or click on the Suite Defaults button.

However, if you have a non-standard installa-
tion or a more complex project directory
structure, you have the ability to setup paths
for:

¢ Output Directory

+ Intermediary Directory

¢+ Assembler Include Search Path

¢ Include Search Path

* Library Search Path

If you have project files in locations other
than the standard C30 installation directories
or your project directory, paths to those files
must be added here.

For this class, we will be using the suite de-
faults only.

Click when done.

(OPTIONAL)

Add Header Files to the Project

Right click on the Header Files node of the
project tree and select Add Files... from the
popup menu.

Adding header files to the project
tree is completely optional. This
simply provides quick access to
them from within your project. The
compiler accesses header files via
the #include directive in source
files and ignores them in the project
tree.

Q

We will be including three header files into
this project: the device specific header file,
the standard /O header file, and the
TLS2130 header file for the library
TLS2130.a. Simply repeat the process
above three times—once for each of the files.

Continued on next page...

Build Options For Project "Lab1.mcp”

M

Build

Directories

Directories and Search Paths

Show directories for:

() ArzzembledCompile in source-file directory, link in output directon

(=) ArzzembledCompile/Link in the project directary

MPLAB LINK30
ASM30/C30 Suite

PLAB ASM30 MPLAB C30

Custom Build Trace

Output Directory

MHew

Suite Defaults

Diirectary Palicy

OK H Cancel ][

foply | [ Hep

File Edit View Project Debugger P
O =
Lab1.mcw =
5 [ Lab1.mcp*®
= I:I Source Files
cli:kﬁ ] '_C
here Header Fil — Select
Add Files...
(22 Object Fil
- [0 Library Fili  Filter
TL52130.a
= L3 Linker Script
| p24F1128GA010.0ld
[_ Other Files

] Files | “* Symbols |

1-5
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Add Header Files to the Project (Continued) _{L My Computer
Device specific header files are in the directory: “ Local Disk (C2)
C:\Program Files\Microchip\MPLAB C30\Support\h ) Frogram Files
) Microchip
We will be using the file: @ p24fj128ga010.h ) MPLAB C30
This file contains definitions for register names and configura- ) support
tion settings. = m
C Standard Library header files are in the directory: Computer
C:\Program Files\Microchip\MPLAB C30\include -"‘L WL::u:aI T:Iisk C)
= |
For Labl we will be using the file: @ stdio.h ) Program Files
e . , , ) Microchip
This file contains function prototypes for the standard C library’s MPLAB C30
I/O functions (Standard 1/O Library). We need this for the | ,
printf() function that is used in this program. =
We will al_so ne_ed th_e .he.ader file_ asspciated with the 3‘5 My Computer
TLS2130.a library file which is in our project directory: - Local Disk (C)
C:\MTT\TLS2130\Lab1 *‘"'_1] ae
The file we need is: @ TLS2130.h ) TL52130
(=
This file contains function prototypes for the LCD and switch LT T

debounce routines written for this class. This is not a part of
the standard C library or the libraries included with MPLAB
C30, but it is included on the class CD along with the source
code for the library itself.

@ Add the Minimum Required Code Framework

#include the required header files near the top of
your source code.

<]

Labl.c (Line 15-17)

#include <p24£3j128ga010.h>
#include <stdio.h>

The include files need not be at the very top of your #include “TLS2130.h”

code, but they must be declared before anything in
them is used in your code.

#include <file>

Angle brackets indicate that a file exists within the MPLAB C30 search path (at or below the
MPLAB C30 directory). If the file is not found in the compiler’s search path, it will result in a
compile error.

#include “file”

#include “C:\...\file”

Quotes indicate that a file exists within the project directory, unless a fully qualified path is pro-
vided. In that case, the compiler will look for the file at the specified location. If the file is not
found in the project directory or in the specified location, it will result in a compile error.

Header files must be included in your source code with #include. Including them in the pro-
ject tree has no effect. This is an ANSI C requirement — not an MPLAB® requirement.

1-6
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@ Set Device Configuration Options

A

Using the CONFIG1 and CONFIG2 mac- é Labl.c (Line 19)
ros, setup the configuration bits for your ap-
plication. For this exercise, we will use the
following minimum settings to work with the
Explorer 16 Demonstration Board. Any set-
tings that are not explicitly specified are left in their default states. (See the data sheet for the default
values.) We will discuss how to use these configuration macros in detail in the next section.

_CONFIG1 (FWDTEN OFF &

@ Finished (with the setup)

The source code below is the program that we will run on the Explorer 16 board in just a moment:

#include <p24£j128ga010.h> // Not used in this program
#include <stdio.h> // Required for printf() function
#include "TLS2130.h" // Required for LCD routines
_CONFIG1 (FWDTEN OFF & JTAGEN OFF)
int main (void)
{
D BB B

Setup and write text to LCD to show program is working
____________________________________________________________________ */
ledInit() ; // Setup PMP and initialize LCD
lcdPutStr ("Hello, world!") ; // Write text string to LCD
o

"Dummy" call to printf() to show that heap was allocated correctly.

If a heap is not declared, this will result in a compile error.

This function will produce no output (UART is not enabled).
____________________________________________________________________ */
printf ("Nothing to see here.");
o

Loop forever...
____________________________________________________________________ */
while (1) ;

}

There are three functions called within our main program before we go into an infinite loop. First is
lcdInit () which sets up the Parallel Master Port to communicate with the LCD module on the Ex-
plorer 16 board. Next is 1cdPutStr () which will write a string of text out to the LCD module at the
current cursor position. Finally, the printf () function is called. Normally, this function would write its
argument to UART1. But, since we haven’t configured the UART, it will not transmit any data written to
its transmit register. Its only purpose here is to generate a compile error if we haven’t properly allocated
a heap. While printf () may be used to write data to the UART, it isn’t the most efficient way to do
so. If you are concerned about code space and execution speed, then you are much better off using the
UART libraries or writing directly to the UART yourself.

1-7
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[Debugger] Programmer Tools Configure Window Help
Enable a debugger SelectTool S
If not already enabled, From the menu bar select: ot - e
Debugger » Select Tool » 7 REAL ICE or w3
Debugger » Select Tool » 1 Proteus VSM o P swemasw
; = ;R;ALUICIE
e 8 PICKit2
IMPLABICD 3
Breakpoints. (5] e
Start Ssmulation 2

Jation e 12 PICkit 3 On Board

a Lab1 - MPLAB IDE v8.00
File Edit WView Froject Debugger Programmer Tools Configure Window Help

D D” (RS il} { D\ D‘\ D\ ‘
File Edit View Project Debugger Programmer Tools Cnnfi{Window Help \ \
0| o ? ZHBa0 @@@ ol ee

@ Select Debug mode. Dﬂh“ﬂ - @ 0
Release If using Proteus; Click on
Em- the Start Simulation button. ‘
Click on the Build All
button.

@ When programming com-
pletes, click on the Reset
button. —
@ e If using hardware; Click Dx
on the Build All button, 4 \ @ . D

Click on the Run button.

Results @ Click on the Halt button. |:| |:|

The text “Hello, world!” should appear on the LCD of the Explorer 16 Development Board.

o | Explorer 16.DSN - Proteus VSM MPLAB Viewer o o ]
SH &k CE 7| +RQAA KR b &

[sv]

_33V_| SV

GND

. A e mue e swes men - -
[ | I
_:; RiZ o .9-'— 03 o4 o 08 o o .on 010
il | 5 !
l‘ B 2 SR R 2R R S R E
S e g
PRDTEUS Explorer 16 Virtual Evaluation Board @ MICROCHIP
The Completn Bectrings Design Systar Inter active Elements PICils
Inieiacive Elamerts 0 1 *+ S MicROCHIP
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ﬁ Conclusions

You should now know how to setup an MPLAB® C30 project within MPLAB. It may be accomplished most easily
through the use of the Project Wizard, and requires the following steps:

Select the device

Select MPLAB C30 as the active tool suite

Create a new project file

Add source files to project (if available—may be added later if they haven’t been written yet)
Add any required library files to project (you might not need any libraries for your project)
Add linker script for the selected device—this is absolutely required.

Allocate a heap (if needed)

Setup directories (if desired)

Add header files to project tree (if desired)

10 #include header files in your source code (generally required)

11. Set device configuration bits in code (strongly recommended)

CoNoOOR~ONE

Once the project has been setup correctly, the Build All button will launch the LINK30 linker, which in turn runs
the MPLAB C30 compiler for each C source file in your project.

If you are coming to C30 from MPASM, there are fundamentally only two differences between setting
up a project for MPASM and for MPLAB C30:
1. The selection of MPLAB C30 as the active tool suite
2. The inclusion of a linker script
Other items are either optional, or may not be required for all projects, but should be considered if
you run into problems with your setup:
1. Inclusion of libraries
2. Allocation of a heap
3. #include header files (analogous to include files: *.inc) for any libraries you use, including stan-
dard C libraries which need not be included in the project tree.

a Lab1 - MPLAB IDE v8.00 - [MPLAB IDE Editor]

"] File Edit View Project Debugger Programmer Tools Configure Window Help -8 x
D & SHB | [pebug Vi HBO SHaE |
Lab1.mcw x| | Labl.c | TLS21300h x|
12 T L I T T T T =
5 [ Labl.mep 15 #include <p24fjlasgaelsa.h> /¢ Required for _CONFIGL macro 5
= DSQurce Files 16 #include <stdia.h> /{ Rrequired for printf() function
Labl.c 17 #include "TLS2138.h" // Required for LCD routines
= ) 18
(21 Header Files 19 _CONFIG1(FWDTEN_OFF & JTAGEN_OFF
[ Object Files 2e ) o
) ) 21 Eint main(woid
=2 Library Files 29 ’
TLS2130.3 23 ¥ o o mmemmemmemmmmemmemmemmmememaes
- - 24 setup and write text to LoD to show program is working
5./ Linker Script e | .
[ p24F1128GA010.qld 26 ledIndt(); // setup pMP and initialize LcD
(23 other Files 27 ledPutstr ("Helle, world!™); /f write text string to LCD
28
- v
(2] Files | ¥ Symbols T
< >
Output X
Build | Wersion Contral | Find in Files | REAL ICE
REAL ICE MPLAE REAL ICE PIC24F]1123GA010 pc:d oabsab IP0 dcnovzc Ln 13, Col 30 INS  WR
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Lab Exercise 2

Setting PIC® Configuration Bits in Code

ﬂPurpose

The purpose of this lab is to test your understanding of the use of the CONFIG1 and CONFIG2 macros to
setup the device configuration bits in code, based on a given set of desired configuration options.

mRequirements

Development Environment:  MPLAB 8.60 or later

C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: ¢ Explorerl6 Development Board with PIC24FJ128GA010

e MPLAB Real ICE™ or MPLAB ICD3
Lab files on class PC: C:\MTT\TLS2130\Lab?2\...

[®)objective

Based on what you learned in this section, setup the PIC® configuration words in code with the following set of
configuration options by using the _CONFIG1 and _CONFIG2 macros:

¢ Oscillator = HS, Primary with PLL

¢ (OSC2/RC15 Function = OSC2

¢ Clock Switching & Monitor = Both Disabled

¢ JTAG = Disabled

¢+ Watchdog Timer = Disabled
A table of the macro parameter labels that you will need is provided in the Procedure section.

2-1
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m Procedure

o |B If you still have the previous project open, you must first close it by selecting from the menu: I

File » Close Workspace

Open Lab 2 by selecting from the menu:
File » Open Workspace...
and opening the workspace file located at:

[ C:\MTT\TLS2130\Lab2\Lab2.mcw ]

9 In the project tree, under the Source Files heading, double

click the file Lab2.c to open it in the editor. EB BN GEn EUEm ek
O =
[Lab2.mcw X
2 @ Lab2.mcp
= DSource Files
=[] Header Files
e Edit the Iin“es in Lab2.c marked with the R Oscillator = HS, Primary with PLL
comment *//### Your Code mere | BB . OSCZ/RCI5 Function = OSC2
###" to initialize the configuration bits | SR Clock Switching & Monitor = Both Disabled
with the settings at right. Note that the
oscillator requires two options to be

specified (e.g. Oscillator Type and Oscil-
lator Selection).

JTAG = Disabled
Watchdog Timer = Disabled

#include <p24£3j128ga010.h> // Required for _CONFIGx macros
//### Your Code Here ### //### (3.1) Use _CONFIGl macro here
//### Your Code Here ### //### (3.2) Use _CONFIG2 macro here

int main (void)
{
while (1) ;

}
Step 3.1: Call the _CONFIG1 Macro

The _CONFIG1 macro is used to setup the CONFIGL1 register, which controls the following features:
JTAG, Code Protection, Write Protection, Background Debug, Clip-on Emulation, ICD Pins Select, and
all Watchdog Timer options. Table 2-1 on the following page provides all of the macro’s parameter la-
bels as defined in the PIC24FJ128GA010.h header file.
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Table 2-1: _CONFIG1(x) Macro Parameter List Options for PIC24FJ128GA010

JTAG

Code Protect

Write Protect

Background Debug

Clip-On Emulation

ICD Pins Select

Watchdog Timer

Windowed WDT

Watchdog Prescaler

Watchdog Postscaler

JTAGEN_OFF
JTAGEN_ON

GCP_ON
GCP_OFF

GWRP_ON
GWRP_OFF

BKBUG_ON
BKBUG_OFF

COE_ON
COE_OFF

ICS_PGx1
ICS_PGx2

FWDTEN_OFF
FWDTEN_ ON

WINDIS_ON
WINDIS_OFF

FWPSA_PR32
FWPSA_PR128

WDTPS_PS1
WDTPS_PS2
WDTPS_PS4
WDTPS_PS8
WDTPS_PS16
WDTPS_PS32
WDTPS_PS64
WDTPS_PS128
WDTPS_PS256
WDTPS_PS512
WDTPS_PS1024
WDTPS_PS2048
WDTPS_PS4096
WDTPS_PS8192
WDTPS_PS16384
WDTPS_PS32768

_CONFIGx Macro Syntax

_CONFIGx(OPTION1 & OPTIONZ2 & ..

Disabled
Enabled

Enabled
Disabled

Enabled
Disabled

Enabled
Disabled

Enabled
Disabled

EMUC/EMUD share PGC1/PGD1
EMUC/EMUD share PGC2/PGD2

Disabled
Enabled

Enabled
Disabled

1:32
1:128

1:1

1.2

1:4

1.8

1:16
1:32
1:64
1:128
1:256
1:512
1:1024
1:2048
1:4096
1:8192
1:16384
1:32768

& OPTIONn)

To form the parameter list for the macros, simply bitwise AND (&) together the desired options from the

tables above. Any parameters you leave out will retain their default settings as per the data sheet.
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Step 3.2: Call the _CONFIG2 Macro

The _CONFIG2 macro is used to setup the CONFIG2 register, which controls the following features:
Two-Speed Startup, Oscillator Selection, Oscillator Type, Clock Switching & Monitor, and the RC15
Function. Table 2-2 below provides all of the macro’s parameter labels as defined in the

PIC24FJ128GA010.h header file.

Table 2-2: CONFIG2(x) Macro Parameter List Options for PIC24FJ128GA010

Two Speed Startup ~ IESO_OFF

IESO_ON

Oscillator Selection  FNOSC_FRC
FNOSC_FRCPLL
FNOSC_PRI
FNOSC_PRIPLL
FNOSC_SOsSC
FNOSC_LPRC
FNOSC_FRCDIV

Clock Switching & FCKSM_CSECME
Monitor FCKSM CSECMD
FCKSM_CSDCMD

OSC2/RC15 Function OSCIOFNC_ON
OSCIOFNC_OFF

Oscillator Type POSCMOD_EC
POSCMOD_XT
POSCMOD_HS

POSCMOD_NONE

# Lab1 - MPLAB IDE v8.00

Disabled
Enabled

Fast RC Oscillator

Fast RC Oscillator with divide and PLL
Primary Oscillator (XT, HS, EC)

Primary Oscillator (XT, HS, EC) with PLL
Secondary Oscillator

Low Power RC Oscillator

Fast RC Oscillator with divide

Both Enabled
Only Clock Switching Enabled
Both Disabled

RC15
OSC2 or Fosclz

External Clock
XT Oscillator

HS Oscillator
Primary Disabled

‘9 Build All

File Edit View Project Debugger Programmer Tools Configure Window Help

(= 2 Debug YOI @2E@EHO® S8 | oy P CER RO

6 Check your results by opening up the Configuration Bits window. From the menu select:

Configure » Configuration Bits

If the Configuration Bits window is not visible, it may be hidden behind the source code window.

Results

After building the code, the Configuration Bits window will show the settings for the device. The settings should
match those we specified inthe CONFIG1 and CONFIG2 macros.
Your Configuration Bits window should match the one shown on the next page.
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M Configuration Bits

Configuration Bits set in code.

Addre=ss | Value | Category

Setting

157FC FBBE Primary Oscillator Select

HS Oscillator Enabled

Primary Oscillator Cutput Function OSC0O pin has clock out function

Clock Switching and Monitor Sw Disabled, Mon Disabled

Oscillator Select Primary Oscillator with PLL module (HSPLL, ECPLL
Internal External Switch Over Mode Enabled

157FE 377F Watchdog Timer Postscaler 1:32, 768
WDT Prescaler 1:128
Watchdog Timer Window Hon-Window mode
Watchdog Timer Enable Di=able

Comm Channel Select

EMUC2/EMUD2? shared with PCG2/PGD2

Set Clip On Emulation Mode Rezet Into Operational Mode
General Code Segment Write Protect Dis=zabled
General Code Segment Code Protect Di=zabled
JTAG Port Enable Disabled

() Conclusions

Device configuration options can easily be set in code so that no matter who you send your source files to, they
will be able to replicate the correct settings when programming the part. Two macros are required to set the two
configuration registers in the 16-bit PIC® microcontrollers. _CONFIGI1 (x) is used to setup the 24-bit CONFIG1
register and CONFIG2 (x) is used to setup the 24-bit CONFIG2 register. The macro parameters are formed by
bitwise ANDing the desired configuration values together. The configuration values are represented by a series
of labels defined in the device specific header files (near the end of the file), along with examples and a limited
amount of documentation. A fuller description of the configuration settings is contained in the device specific
data sheets.

_CONFIG2 (x) macros because of the many advantages they have over setting them manually in

m It is strongly recommended that you setup device configuration bits using the CONFIG1 (x) and
the IDE.
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Lab Exercise 3

“Hello, world!” for Microcontrollers

ﬂPurpose

The purpose of this lab is to test your understanding of the methods used to read and write 1/O pins in C. Upon
completion of this lab, you should be able to set or clear an output pin and read a switch by using a switch de-
bounce function.

Requirements

Development Environment:  MPLAB 8.60 or later

C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: e Explorerl6 Development Board with PIC24FJ128GA010

* MPLAB Real ICE™ or MPLAB ICD3
Lab files on class PC: CAMTT\TLS2130\...

Objective

Write a short program that will turn on LED D3 (RAO) while switch S3 (RD6) is pressed. The LED should turn off
only when the switch is released.

A switch debounce function will be provided for you, and it should be used to read the switch on RD6 to prevent
the false detection of a button press or release. The full source code of this function is provided on the class
CD.

3-1
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m Procedure

o If you still have the previous project open, you must first close it by selecting from the menu:
File » Close Workspace

Open Lab 3 by selecting from the menu:
File » Open Workspace...
and opening the workspace file located at:

[ C:\MTT\TLS2130\Lab3\Lab3.mcw ]
e In the project tree, under the Source Files heading, double
click the file Lab3.c to open it in the editor. " Bl Edit View Project Det
D= {
[Lab3.mow
= (3 Lab3.mcp

= [[3 Source Files

Lab3.c

- [L1 Header Files

13| #include <p24£3j128ga010.h>
14] #include "TLS2130.h"
15
16] CONFIGL (FWDTEN OFF & JTAGEN OFF)
17
18] int main (void)
19
20 //### YOUR CODE HERE ### //### (3) Clear RAO output latch
21 //### YOUR CODE HERE ### //### (4) Make RAO an output
22 while (1)
23 {
24 //### YOUR CODE HERE //### (5) Write 0 to RAO
25 while (### YOUR CODE HERE###) //### (6)Read RDO
26 //### YOUR CODE HERE ### //### (7) Write 1 to RAO
27 }
28] }
.

Note: The line numbers above may be different from those in the actual source code file.

Clear the RAO output latch. At this point, all of the I/O pins are configured as inputs. However, the out-
put latches which are not presently connected to an output pin, may contain random data. Because of
this, it is desirable to set them to a known value (logic O in this case) so that LEDs don’t unexpectedly
light up the moment we connect an output latch to a pin by clearing the appropriate bit in the TRIS regis-
ter for this port.

0 Make RAO an output. (Hint: TRISX)

Write a 0 to RAO.
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Read the switch on pin RD6. Because RD6 is connected to a mechanical switch as opposed to a digital
signal, a debounce routine is required to filter out the noise generated by a switch press or release to
prevent false detection of a state change. The function SwitchPressed () has been provided for this
purpose. The function takes the name of an input pin that is connected to a mechanical switch, and re-
turns the state of that switch: 1 for on (pressed), O for off (released). Use this function to determine the
current state of switch S3. This function is included in the archive TLS2130.a, and the source code is
provided on the class CD.

A
Iﬁ SwitchPressed() Function from TLS2130.c

unsigned char SwitchPressed(volatile unsigned int *sw, int bit)
{
unsigned char count = COUNT;
while ((MIN_COUNT <= count) && (count <= MAX COUNT))
{
if (! (*sw & (1 << bit)))
{ ((switchPressed(switch) )
count++;
J{.f (count > MAX_COUNT) MIN < K < MAX
count = MAX COUNT;
return 1;
}
}
else
{
count--;
if (count < MIN_ COUNT)
{
count = MIN_ COUNT;
return O;
}
}
) } ( RewrnTRUE ) ( ReturnFALSE )

O Write a 1 to RAO.

# Lab1 - MPLAB IDE v8.00

File Edit View Project Debugger Programmer Tools Configure Window Help

= 2| Debug Yo wEBO £ EE
0 Click on the Build All button. ‘¢ @ When programming com-
HHH pletes, click on the Reset

button.
If no errors are reported,
9 click on the Start Simu- D& OR
lation or Program but-
ton.

Build All Reset (1) ) Program

O L I T = I

Click on the Run button.




Results

Press and hold down switch S3. LED D3 should illu-
minate and stay on as long as you hold down S3.

vsv v |

3av

When you release S3, the LED should turn off and
stay off until you press and hold S3 again.

Click on the Halt button in MPLAB when you |:| |:|
are finished.

3 Conclusions s3 b3

Working with I/O pins in C is very straight forward as long as the appropriate device header file is included (e.g.
p24£j128ga010.h). Pin configuration is handled almost entirely by the TRISx register associated with a par-
ticular 1/O port. In circumstances where an 1/O pin is multiplexed with an analog input, you may need to modify
another register to have digital access to the pin since they are configured as analog by default. Reading an
input pin is accomplished when the name of the pin is used on the right side of an assignment operator or any-
where a variable value would be read. When you read an input pin, you use the PORTx.Rxn construct, or the
shorthand _Rxn macro label. When you want to read an entire port, just use the entire port name such as
PORTA. Writing to an output pin occurs when the name of the pin is on the left side of an assignment operator.
When you write an output pin, you can use either the PORTx.Rxn or _Rxn constructs, or preferably the
LATx.LATxn Or _LATxn constructs. When you want to write to an entire port, just use the port name or port
latch name such as PORTA or preferably LATA. All of these pin names/labels may be used as any other variable

in C. Though, unlike an ordinary C variable, the values of the I/O ports may be changed by forces outside the
control of your program (i.e. the hardware).
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Lab Exercise 4

Interrupts

gPurpose

The purpose of this lab is to reinforce this section's lessons on how to write an interrupt service routine that will
properly handle an event generated by one of the microcontroller's internal peripherals.

mRequirements

Development Environment:  MPLAB 8.60 or later
C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: e Explorerl6 Development Board with PIC24FJ128GA010
¢ MPLAB Real ICE™ or MPLAB ICD3
Lab files on class PC or CD: CAMTT\TLS2130\... or D:\TLS2130\...

Objective

Using the Timer 1 interrupt, make LED D3 (RAO) blink at a rate determined by the internal RC oscillator's default
configuration and Timer 1's period with a 1:8 prescaler and Fosc/2 as Timer 1’s clock source. The code that
configures Timer 1 is already written for you, and accomplishes the following:

¢ Turns on Timer 1

+ Configures Timer 1’s prescaler for a 1:8 ratio

* Selects Fosc/2 as Timer 1’s clock input

*+ Clears Timer 1’s interrupt flag

Enables the Timer 1 interrupt with a priority level of 7

By default, the internal RC oscillator has a frequency of 8MHz with a 1:2 postscaler which divides the frequency
down to 4MHz. This is the Fosc that should be used in any formulas.

Your task will be to write the Timer 1 interrupt service routine which will toggle the LED and clear the interrupt
flag each time the interrupt is triggered by the Timer 1 registers rolling over from 65535 (2'°-1) to 0.

4-1
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m Procedure

o If you still have the previous project open, you must first close it by selecting from the menu:
File » Close Workspace

Open Lab 4 by selecting from the menu:
File » Open Workspace...
and opening the workspace file:

C:\MTT\TLS2130\Lab4\Lab4.mcw

Open Lab4.c by double clicking on its icon in the project tree. Complete the assigned tasks by adding
your code anywhere you see the comments “//### Your Code Here ###". All required reference
information is included in this section or in one of the previous labs (e.g. Lab 3—Working with 1/0O Ports)

|£| Lab4.c

#include <p24£3j128ga010.h>

_CONFIG1 (FWDTEN_OFF & JTAGEN_OFF)

J*HHERH R R R R R R R R R R R R R R R R R R R R

Timer 1 Interrupt Service Routine

Task A: Write the Timer 1 interrupt function header

Task B: Toggle the LED on RAO (LATAO)

Task C: Clear the Timer 1 interrupt flag
HHHEHHEHHEH R R e/

//### Your Code Here ### //###(2.1) Tl Interrupt Function Header
{

//### Your Code Here #it# //###(2.2) Toggle LED on RAOQ

//### Your Code Here ### //###(2.3) Clear Timer 1 Interrupt Flag

}

/*************************************************************************
Main Function
R e T Ly
int main(void)

{

T1CON = 0b1000000000010000; // Tl ON, 1:8 Prescale, Fosc/2 input
IFSObits.T1IF = O0; // Clear TMR1l interrupt flag
IECObits.T1lIE = 1; // Enable TMR1 interrupt
IPCObits.T1IP = 7; // Set interrupt priority

_LATAO = 1;

_TRISAO = 0;

while (1) ;
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Task 2.1: Write the Timer 1 Interrupt Function Header
Write the first line (header) of the interrupt function. Remember that interrupt functions cannot take any

parameters nor can they return any data. Also, remember to use the pre-defined function name and that

you must tag the interrupt with the appropriate attribute, otherwise it will not be handled properly by the
compiler.

Task A Reference Information

Interrupt Attribute Syntax

void _ attribute_ ((interrupt)) ISRName (void)
{

<ISR Code Here>

} Section 7.3.2 of MPLAB C30 User’s Guide DS51284E

Timer 1 Interrupt Function Name

_TlInterrupt Table 7-3 of MPLAB C30 User’s Guide DS51284E

Task 2.2: Toggle the LED on RAO (LATAO)

There are several ways this may be done. The most common method of toggling a bit is to use the ex-
clusive or (XOR) operator (~). Any bit that is exclusive or'ed with the value 1 will yield the complement
of that bit. In other words: x ~ 1 - ~X. Consider using the compound assignment operator ~=. This
isn’'t the most efficient way to toggle a bit, but it works—we’ll cover an optimization trick later in the class.

Task 2.3: Clear the Timer 1 Interrupt Flag (T1IF)

Simply write a value of zero to the appropriate interrupt flag bit.

Task C Reference Information

IFSO: Interrupt Flag Status Register 0

U-0 U-0 RIW-0 RMW-0 RMW-0 RMW-0 RMW-0 R/W-0
- | - | AbuF | uvitxiF | ULIRXIF | SPillF | SPFuF | T3IF
bit 15 bit 8
RIW-0  RMW-0  R/W-0 U-0 RIW-0  RMW-0 RMW-0 R/W-0
T2iF | oc2iF | icar | - | TuF | ocur | icuF | INTOIF
bit 7 bit 0
bit 3 T1IF: Timerl Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

Table 6-2 and Register 6-5 of PIC24FJ128GA010 Family Data Sheet DS39747D
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e Once you have added your three lines of code, build the project by clicking on the Build All
button. Fix any errors that are reported before you continue.

Build All @9 @9 Run Halt 9 @9 Reset

MPLAB IDE
File Edit View Project Debugger Programmer Tools Configure Window Help

O & | Debug o2 @ EHO® 2HEE e uewmE R G

G If no errors are reported, click on the Reset button. @
6 Click on the run button. |:>
0 When you are done, click on the halt button. |:| |:|

Results

LED D3 should be blinking at a rate of approximately twice per L _] D3
second.

By default, the oscillator selection is the internal RC oscillator with
a 1:2 postscaler, so the final value of the clock oscillator is given
by:

FOSC = FRC / CLKDIV = 8MHz / 2 = 4MHz

By default, Timer 1’s clock source is the instruction cycle clock (Fosc / 2) with a 1:8 prescaler. So, one tick of
Timer 1 is given by:
Tickry = (Fosc /2)'" 8= (4MHz / 2)** 8 = 4ps

Since Timer 1 is a 16 bit timer, with a max count of 65536 (2°), its timeout period is given by:
Tr = 2'° + Ticky, = 65536 * 4ps = 0.52s

{‘} Conclusions

Aside from setting up the interrupts (which varies slightly from one peripheral to another), there are three things
you need to do to handle interrupts:

1. Use the pre-defined interrupt name for the interrupt function identifier.

2. Tag the interrupt function with the interrupt attribute.

3. Clear the interrupt flag inside the interrupt function before you return.

There are many other things you can do with the interrupt attribute, such as doing a context save of variables
you specify. For more details on how to take advantage of these additional features, see the compiler’s user’s
guide for more information on the interrupt attribute.

4-4
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Lab Exercise 5

Working with Peripheral Libraries

ﬂPurpose

The purpose of this lab is to reinforce this section's lessons on how to configure a peripheral with a given set of
parameters by using the peripheral library functions included with MPLAB® C.

mRequirements

Development Environment:  MPLAB 8.60 or later
C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: ¢ Explorerl6 Development Board with PIC24FJ128GA010
¢ MPLAB Real ICE™ or MPLAB ICD3
Lab files on class PC or CD: C:\MTT\TLS2130\... or D:\TLS2130\...

Objective

In the previous lab, Timer 1 was configured for you and you had to write the interrupt function. This time, the
interrupt function is already written, and you have to configure Timer 1 with a given set of parameters using the
configuration functions included in the 16-bit peripherals library that comes with the compiler. The end result
should be the same as in the previous lab.

The OpenTimerl () function will be used to setup the following options:

¢ Turnon Timer 1

Continue in Idle Mode

Gate Off

External Sync Off

1:8 Prescaler

Clock source is Fosc/2 (instruction cycle clock)

5-1
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m Procedure

o [m If you still have the previous project open, you must first close it by selecting from the menu:

File » Close Workspace

Open Lab 5 by selecting from the menu:
File » Open Workspace...
and opening the workspace file:

C:\MTT\TLS2130\Lab5\Lab5.mcw

9 Open Labb5.c by double clicking on its icon in the project tree. Complete the assigned tasks by adding
your code anywhere you see the comments “//### Your Code Here ###". All required reference
information is included in this section or in one of the previous labs. Note that the timer.h header file

has already been included for you.

|£| Lab5.c

#include <p24£3j128ga010.h>
#include <timer.h>

_CONFIG1 (FWDTEN OFF & JTAGEN_ OFF)

void _ attribute ((interrupt)) _TlInterrupt(void)
{

__builtin btg(&LATA, 0);

IFSObits.T1IF = 0;
}

int main (void)
{
/*#HH
Using the OpenTimerl () and ConfigIntTimerl () functions, setup
Timer 1 to operate with the settings outlined in the lab manual.

HH#HHHHH A H SRS R R R R R R R R R R/

//### Your Code Here ### // ### Task (2.1) Setup Timer 1

//### Your Code Here #i## // ### Task (2.2) Configure Interrupts
_LATAQ = 1;

_TRISAO = 0;

while (1) ;
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Task 1: Configure and Enable Timer 1

Use the OpenTimerl() and function to setup Timer 1 with the following features / parameters:

Timer 1 Prescale = 1:8

Timer 1 Synchronization = External OFF
Timer 1 Clock Source = Internal

Timer 1 Period = OxFFFF

® Timer1l=0ON
e Timer 1 Idle = Continue in Idle Mode
® Timer 1 Gate = OFF

Task 1 Reference Information

OpenTimerl() Function Prototype

void OpenTimerl (unsigned int config, unsigned int period) ;

OpenTimerl() config Parameter Options
Bitwise AND (&) the labels for the desired options to form the config parameter value:

Timer Module On/Off Timer prescaler

T1 ON T1 PS 1 1 T1 PS 1 64

Tl _OFF Tl PS 1 8 Tl PS 1 128
Timer Module Idle mode On/Off Timer Synchronous clock enable
Tl _IDLE CON T1l_SYNC_EXT ON

Tl IDLE STOP Tl SYNC EXT OFF

Timer Gate time accumulation enable Timer clock source

Tl GATE ON Tl SOURCE_EXT

Tl _GATE OFF T1_SOURCE_INT

Example:

OpenTimerl (T1_ON & T1_IDLE CON & T1_GATE OFF & Tl PS 1 8 &
T1_SYNC_EXT OFF & T1_SOURCE_INT, OxFFFF) ;

OpenTimerl() period Parameter
The period parameter determines the value that will be loaded into the PR1 register.

I

RESET

IFSObits.T1IF

Equal

period

Example:

OpenTimerl (T1_ON & T1_IDLE CON & Tl _GATE OFF & T1 PS_ 1 8 &
T1_SYNC_EXT OFF & T1_SOURCE_INT, OxFFFF);

C:\Program Files\Microchip\MPLAB C30\docs\periph_lib\PIC24F TIMER Library Help File.htm
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Task 2: Configure and Enable Timer 1 Interrupt

Use the ConfigintTimerl() and function to setup the Timer 1 interrupt with the following features / pa-
rameters:

® Timer 1 Interrupt = Enabled
e Timer 1 Interrupt Priority Level = 7

Task 2 Reference Information

ConfigIntTimer1() Function Prototype

void ConfigIntTimerl (unsigned int config) ;

ConfigIntTimerl() config Parameter Options
Bitwise AND (&) the labels for the desired options to form the config parameter value:

Timer 1 Interrupt On/Off Timer 1 Interrupt Priority
T1_INT ON T1_INT PRIOR 7
Tl_INT_OFF T1 INT_PRIOR_G

T1 INT PRIOR 5
T1_INT PRIOR 4
T1_INT PRIOR 3
T1_INT PRIOR 2
T1_INT PRIOR 1
T1_INT PRIOR 0

Example:

ConfigIntTimerl (T1_INT ON & Tl INT PRIOR 4);

While the information above and on the previous page should be sufficient to complete the exercise,
pages 5-5 through 5-11 contain the full documentation for the timer library routines. This text came from
an html file included with the C compiler, and is installed in the following directory by default (along with
documentation for all the other peripheral library routines):

C:\Program Files\Microchip\MPLAB C30\docs\periph_lib\

Link to: Peripheral Libraries Master Index (HTML)
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PIC24F
TIMER Peripheral Module Library Help

C:\Program Files\Microchip\MPLAB C30\docs\periph_lib\PIC24F TIMER Library Help File.htm

Table Of Contents

N I o] = 1 VA LT LU = PP PPPP 5-5
2 Using Library FUNCHONS iN YOUI COOE ......uuiiiiiiiiiiiiiieee i iiiiiiiee ettt e e e e et e e e e s s sibbe e e e e s snnbnneeeeeeaans 5-5
G U [T 110 ) PPN 5-6
3.1 CloseTimerX (X =1 ... 5 ) it e e e e e e e e e e e 5-6
3.2 ConfigINtTimerX (X =1 ... 5 ) ittt e e e et e e e e e e st e e e e e e e nnnnaes 5-6
3.3 (0] o T=8 o1 B T=Y < 5. T [ - T T 5-7
3.4 ReadTimerX (X = 1 ... 5 )ttt e e e s e e e e s aba e e e e e e 5-8
3.5 WELtETIMETX (X =1 ... 5 ) oottt e s bb e e enbe e e e ennes 5-8
3.6 CloseTimer23 |, ClOSETIMEIASD .....oooeiieieee et e et e e et e e e et e e een e e e e e eaaeeennees 5-9
3.7 ConfigIntTimer23 , CONfigINtTIMErdS ......oooiiiiiiiiiiiiiie e 5-9
3.8 OpenTimer23 , OPENTIMEIAD ......oiiiiiiiiiii ettt e et e e e e s st e e e e e sanbreeeee e s e 5-9
3.9 ReadTimer23 |, REAATIMEIAD .....oooeiiie ettt ettt e et e e e e e et e e e e e eaeeeeneeeenneeeenn 5-10
3.230 WriteTimer23 , WIETIMEIAD ..ottt e ettt et e et ee et e e eaneseeaeeeanaeennnnee 5-10
N /= 1o (01 PP 5-11
4.1 103 01 o =0 8 o8 o 15 Q- Gt I (o ) 5-11
4.2 DisSableIntTX (X = 110 5) .iiiiiiiiiiiiiieieiiiiiiie ettt e e e ettt e e e e s st be e e e e s snbb e e e e e e s aanbnneeeeesaans 5-11
4.3 SetPriorityIntTX (X =1 t0 5)(PrIOFILY) ...eeeeiiiiiiiiiiiiiiiiiiiiii e 5-11

1 Library Features

For this peripheral library module:

® The Timerl module is a 16-bit timer , Timer2/3 and Timer4/5 modules are 32-bit timers, which can also
be configured as four independent 16-hit timers with selectable operating modes.

® Timer 1 operates in CPU Idle modes and Sleep modes.
e |ndividually, Timer2/3 and Timer4/5 of the 16-bit timers can function as synchronous timers or counters.
e ADC Event Trigger is implemented only with Timer5.

2 Using Library Functions in Your Code

Library routine parameters can be constructed using either AND based mask or AND_OR based mask set-
ting. For more information on these masks, see 16-bit Peripheral Libraries.

Examples of use for both the methods are below.

Example of Use ( AND mask ) m ;Qfs'ﬁézlednizh?odr

Lab Exercise 5
OpenTimerl((Tl_ON & T1_IDLE_CON & T1_GATE_0N & T1_PS_1_8 &

T1l_SYNC_EXT ON & T1l_SOURCE_INT), PR1_VALUE);
Example of Use (AND_OR mask )

Function Call:

#define USE_AND OR /* To enable AND OR mask setting */
#include<timer.h>
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/*

User code

*/
OpenTimerl ((T1_ON | T1_IDLE CON | T1_GATE ON | T1 PS_1 8 |
T1_SYNC_EXT ON | T1_SOURCE_INT), PR1_VALUE) ;

/*
User code
*/

3 Functions

3.1 CloseTimerX (X=1...5)

Function Prototype void CloseTimerl (void) ;
void CloseTimer2 (void) ;
void CloseTimer3 (void) ;
void CloseTimer4 (void) ;
void CloseTimer5 (void) ;

Include timer.h

Description This function turns off the 16-bit timer module.

Arguments None

Return Value None

Remarks: This function first disables the 16-bit timer interrupt and then turns off the timer
module. The Interrupt Flag bit (TxIF) is also cleared.

Source File: CloseTimerl.c

CloseTimer2.c
CloseTimer3.c
CloseTimer4.c
CloseTimer5.c

3.2 ConfigIntTimerX (X=1...5)

Function Prototype void ConfigIntTimerl (unsigned int config) ;
void ConfigIntTimer2 (unsigned int config) ;
void ConfigIntTimer3 (unsigned int config) ;
void ConfigIntTimer4 (unsigned int config) ;
void ConfigIntTimer5 (unsigned int config) ;

Include timer.h

Description This function configures the 16-bit timer interrupt.
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Arguments config - Timer interrupt priority and enable/disable information as defined below:
Tx_INT_PRIOR 7
Tx_INT_PRIOR 6
Tx_INT PRIOR 5
Tx_INT_ PRIOR 4
Tx_INT PRIOR 3
Tx_INT PRIOR 2
Tx_ INT PRIOR 1
Tx_INT PRIOR 0

Tx_INT ON
Tx INT OFF
Return Value None
Remarks: This function clears the 16-bit Interrupt Flag (TxIF) bit and then sets the inter-
rupt priority and enables/disables the interrupt.
Source File: ConfigIntTimerl.c

ConfigIntTimer2.c
ConfigIntTimer3.c
ConfigIntTimer4.c
ConfigIntTimer5.c

3.3 OpenTimerX(X=1...5)

Function Prototype void OpenTimerl (unsigned int config, unsigned int period) ;
void OpenTimer2 (unsigned int config, unsigned int period) ;
void OpenTimer3 (unsigned int config, unsigned int period) ;
void OpenTimer4 (unsigned int config, unsigned int period) ;
void OpenTimer5 (unsigned int config, unsigned int period) ;

Include timer.h
Description This function configures the 16-bit timer module.
Arguments config - The parameters to be configured in the TXCON register as defined be-
low:
Timer Module On/Off
Tx_ON
Tx_OFF

Timer Module Idle mode On/Off
Tx_IDLE CON
Tx_IDLE_ STOP

Timer Gate time accumulation enable
Tx_GATE ON
Tx_GATE OFF

Timer prescaler
Tx PS 1 1
Tx PS 1 8
Tx_PS_1 64
Tx PS 1 128

Timer Synchronous clock enable
Tx_SYNC_EXT_ON
Tx_SYNC_EXT OFF

Timer clock source
Tx_SOURCE_EXT
Tx_SOURCE_INT

period - The period match value to be stored into the PR register
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Return Value None

Remarks: This function configures the 16-bit Timer Control register and sets the period
match value into the PR register.

Source File: OpenTimerl.c

OpenTimer2.c
OpenTimer3.c
OpenTimer4.c
OpenTimer5.c

3.4 ReadTimerX (X=1...5)

Function Prototype unsigned int ReadTimerl (void) ;
unsigned int ReadTimer2 (void) ;
unsigned int ReadTimer3 (void) ;
unsigned int ReadTimer4 (void) ;
unsigned int ReadTimer5 (void) ;

Include timer.h

Description This function reads the contents of the 16-bit Timer register.
Arguments None

Return Value None

Remarks: This function returns the contents of the 16-bit TMR register.
Source File: ReadTimerl.c

ReadTimer2.c
ReadTimer3.c
ReadTimer4.c
ReadTimer5.c

3.5 WriteTimerX(X=1...5)

Function Prototype void WriteTimerl (unsigned int timer) ;
void WriteTimer2 (unsigned int timer) ;
void WriteTimer3 (unsigned int timer) ;
void WriteTimer4 (unsigned int timer) ;
void WriteTimer5 (unsigned int timer) ;

Include timer.h

Description This function writes the 16-bit value into the Timer register.
Arguments timer - The 16-bit value to be stored into TMR register.
Return Value None

Remarks: None

Source File: WriteTimerl.c

WriteTimer2.c
WriteTimer3.c
WriteTimer4.c
WriteTimer5.c




3.6 CloseTimer23, CloseTimer45

Function Prototype void CloseTimer23 (void);
void CloseTimer45 (void) ;

Include timer.h

Description This function turns off the 32-bit timer module.

Arguments None

Return Value None

Remarks: This function disables the 32-bit timer interrupt and then turns off the timer

module.The Interrupt Flag bit (TxIF) is also cleared.

CloseTimer23 turns off Timer2 and disables Timer3 Interrupt.

CloseTimer45 turns off Timer4 and disables Timer5 Interrupt.
Source File: CloseTimer23.c

CloseTimer45.c

3.7 ConfigIntTimer23 , ConfigintTimer45

Function Prototype void ConfigIntTimer23 (unsigned int config) ;
void ConfigIntTimer45 (unsigned int config) ;

Include timer.h

Description This function configures the 32-bit timer interrupt.

Arguments config - Timer interrupt priority and enable/disable information as defined
below:

Tx_INT_PRIOR 7
Tx_INT_PRIOR_ 6
Tx_INT_PRIOR 5
Tx_INT PRIOR 4
Tx_INT_PRIOR 3
Tx_INT PRIOR 2
Tx_INT_PRIOR 1
Tx_INT_PRIOR 0

Tx INT ON
Tx_INT_ OFF
Return Value None
Remarks: This function clears the 32-bit Interrupt Flag (TxIF) bit and then sets the
interrupt priority and enables/disables the interrupt.
Source File: ConfigIntTimer23.c

ConfigIntTimer45.c

3.8 OpenTimer23, OpenTimer45

Function Prototype void OpenTimer23 (unsigned int config,
unsigned long period) ;
void OpenTimer45 (unsigned int config,
unsigned long period) ;
Include timer.h

Description This function configures the 32-bit timer interrupt.
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Arguments config - This contains the parameters to be configured in the TXCON register as
defined below:
Timer module On/Off
Tx ON
Tx OFF
Timer Module Idle mode On/Off
Tx_IDLE_CON
Tx IDLE STOP
Timer Gate time accumulation enable
Tx GATE ON
Tx_GATE_OFF
Timer prescaler
Tx_PS 1 1
Tx PS 1 8
Tx_PS_1 64
Tx PS 1 128
Timer Synchronous clock enable
Tx_ SYNC_EXT ON
Tx_SYNC_EXT OFF
Timer clock source
Tx_SOURCE_EXT
Tx_SOURCE_INT
period - This contains the period match value to be stored into the 32-bit PR

register.

Return Value None

Remarks: This function configures the 32-bit Timer Control register and sets the period
match value into the PR register.

Source File: OpenTimer23.c

OpenTimer45.c

3.9 ReadTimer23 , ReadTimer45

Function Prototype unsigned long ReadTimer23(void) ;
unsigned long ReadTimer45 (void) ;

Include timer.h

Description This function reads the contents of the 32-bit Timer register.
Arguments None

Return Value None

Remarks: This function returns the contents of the 32-bit TMR register.
Source File: ReadTimer23.c

ReadTimer45.c

3.23b WriteTimer23 , WriteTimer45

Function Prototype void WriteTimer23 (unsigned long timer) ;
void WriteTimer45 (unsigned long timer) ;
Include timer.h

Description This function writes the 32-bit value into the Timer register.
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Arguments timer - The 32-bit value to be stored into TMR register.
Return Value None

Remarks: This function returns the contents of the 32-bit TMR register.
Source File: ReadTimer23.c

ReadTimer45.c

4 Macros

4.1 EnableIntTX (X =1to 5)

Macro EnableIntT1l
EnableIntT2
EnableIntT3
EnableIntT4
EnableIntT5
Include uart.h
Description This macro enables the timer interrupt.
Arguments None
Remarks This macro sets Timer Interrupt Enable bit of Interrupt Enable Control register.

4.2 DisableIntTX (X=1to 5)

Macro DisableIntT1l
DisableIntT2
DisableIntT3
DisableIntT4
DisableIntT5
Include uart.h
Description This macro disables the timer interrupt.
Arguments None
Remarks This macro clears Timer Interrupt Enable bit of Interrupt Enable Control register.

4.3  SetPriorityIntTX (X = 1 to 5)(priority)

Macro SetPriorityIntTl
SetPriorityIntT2
SetPriorityIntT3
SetPriorityIntT4
SetPriorityIntT5
Include uart.h
Description This macro sets priority for timer interrupt.
Arguments priority
Remarks This macro sets Timer Interrupt Priority bits of Interrupt Priority Control register.
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e Once you have added your two lines of code, build the project by clicking on the Build All
button. Fix any errors that are reported before you continue.

Build All @9 @9 Run Halt 9 @9 Reset

MPLAB IDE
File Edit View Project Debugger Programmer Tools Configure Window Help

O & | Debug o2 @ EHO® 2HEE e uewmE R G

G If no errors are reported, click on the Reset button. @
6 Click on the run button. |:>
0 When you are done, click on the halt button. |:| |:|

Results

LED D3 should be blinking at a rate of approximately twice per L _] D3
second.

By default, the oscillator selection is the internal RC oscillator with
a 1:2 postscaler, so the final value of the clock oscillator is given

by:
Fosc = Frc / CLKDIV = 8MHz / 2 = 4AMHz

By default, Timer 1’s clock source is the instruction cycle clock (Fosc / 2) with a 1:8 prescaler. So, one tick of
Timer 1 is given by:
Tickry = (Fosc /2)'" 8= (4MHz / 2)** 8 = 4ps

Since Timer 1 is a 16 bit timer, with a max count of 65536 (2°), its timeout period is given by:
Tri = 2'® + Ticky, = 65536 * 4ps = 0.52ps

{‘} Conclusions

Using the peripheral libraries included with the compiler make peripheral configuration and use in C much eas-
ier. Many of the function parameters are formed by bitwise ANDing constants together to form the value(s) that
ultimately will be loaded into the appropriate register(s). In order to use the libraries, all you need to do is in-
clude the appropriate header file associated with the peripheral of interest at the top of any file in your project
that will make use of the library routines. The library / archive file is automatically included in all projects by the
linker, so there is no need for you to manually add it to the project tree.
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Lab Exercise 6

Creating Custom Libraries

ﬂPurpose

The purpose of this lab is to illustrate the steps required to create a custom library for use in your projects. You
will learn how to open up multiple projects simultaneously in MPLAB to facilitate the coding and testing of cus-
tom library modules, and how to configure the compiler to build a library, rather than an ordinary hex file.

Requirements

Development Environment:  MPLAB 8.60 or later
C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: e Explorerl6 Development Board with PIC24FJ128GA010
* MPLAB Real ICE™ or MPLAB ICD3
Lab files on class PC or CD: C:\MTT\TLS2130\... or D:\TLS2130\...

Objective

Build a library (archive) file from two simple C source files that contain a single function each. Then, use those
functions in a separate project that includes the newly created library file in its project tree.
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m Procedure

o If you still have the previous project open, you must first close it by selecting from the menu:
File » Close Workspace

Open the MPLAB Settings by selecting from the menu:
Configure } Seuings_“ joger  Programmer  Tools NeGORGITER Window  Help

Select Device...

Configuration Bits...

[m Configure MPLAB® so that multiple projects may be opened within one workspace

Select the Project Settings
On the tabs, select: Projects

Workspace | Debugger | Program Loading || Het Keys | Other | Projects

[¥IiCloze open source files on project cloge

Deselect One-to-One Proj ect Clear output window before build
9 Workspace Model Save project before build
Uncheck the last checkbox £ e lesdie Ul

® Yes Mo ) Prompt

Halt build on first Failure

[]Use one-to-one project-workspace model

Click when done » ok ][ Cancel ke

m Create the Library Source Project

Create a new project by selecting from the menu: # MyLib - MPLAB IDE v8.00
i File Edit View NifsZ«® Debugger Programmer Tools Conff
Project » New...
0= Project Wizard. ..
Untitled Work IIL -

Ooen
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) New Project - [___J&
Name the Project
In the Project Name box, enter: MyLib \ Project Name

b
o Select the Project Directory

Project Directary
Click | Browse... ] and select — r—

C\MTT\TLS2130\Lab6

“ Help ’ iﬁ ‘ ‘ Cancel J
Click when done —

The name you give the project (“MyLib”), will be the name of the library / archive file that will be
created (“MyLib.a”).

[m Add the library source code to the project ]

O Add Source File to Project

In the project tree, right click on Source Files and select from the popup s e
menu: Add Files... =— 0=

[Untitled Workspace x
= MyLib.mcp ‘
dd Files...
DHeader addrie
0 Select the Library Source File (3 Object | Filter

In the add file dialog box, select the library source files from the lab 6 di- W MyLib - MPLAB IDE v8.10 - [N
rectory (the library code has already been written for you): ) Fle Edt View Project Debugg
C:MTT\TLS2130\Lab6\addition.c b= S
Lab6.mcw x]|[ a
C:\MTT\TLS2130\Lab6\subtraction.c - 03 MyLibmep o
=- (12 Source Files ;
addition.c and subtraction.c should appear in the project tree } addition.c .
under Source Files. DEZ“E':‘;?::W"
[ Object Files ;
T | Library Files 5
(230 Linker Script 10
[Z2 Other Files 11
=
[ A Look at the Library Source Code and the Associated Header File ]
A . -
[c] addition.c
int add(int a, int b) int add(int a, int b);
{ int sub(int a, int b);
return (a + b);
}
An ordinary C function... An ordinary function prototype...
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[m Open or Create a Test Project

14,

Open Test Project
From the menu bar select:
Project » Open...

o

Select the Lab6 Project

In the Open Project dialog box, select:

C:\MTT\TLS2130\Lab6\Lab6.mcp

# MyLib - MPLAB IDE v8.00

File Edit View BE{==# Debugger Programmer Tools Confy
O =

Project Wizard...

Untitled Work: "=
T2 saa st Cloze 3

If doing this on your own, at this point you may create a new C30 based project following the
steps from Lab 1. Include the library file just created into the new project.

Open Project @
Look in: | () Lab6 v 2 £ M-
m Labs.mcp

o

File name Lab6.mcp
Files of type: | MPLAB IDE Project Files ("mcp) v
Jump to: CARTCATLS2130\LabsN v

[ A Look at the Lab6 Test Project

Lab6 Test Project
_A

MyLib Project

6-4

=3 Lab6.mcp
5121 Source Files
Labt.c <« —
.| Header Files
MyLib, h mm——
TLS2130.h
[Z1 object Files
o-[23 Library Files
MyLib.a
TLS2130.3
(3 Linker Script
(L3 other Files
=3 MyLib.mcp
5121 Source Files
addition.c
subtraction.c
(L1 Header Files
(23 object Files
3 Library Files
(23 Linker Script
(L3 other Files

(2] Files #+ Symbols

Labs.c

MyLib.h

#include "TLS2130.h"
> #include "MyLib.h"

Created by you, to provide

access to functions in library

(already written for this lab)

MyLib.a
Generated in Step 12

int sum, difference;

int main (void)

{
lcdInit() ;
sum = add (5,
difference =

2) ;
sub (7, 2);
DEC) ;

0);

DEC) ;

lcdPutInt(c,
lcdPutCur (1,
lcdPutlInt(d,
while (1) ;
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[m Enable Your Debug Tool ]

Enable MPLAB® REAL ICE™ a Lab6 - MPLAB IDE v8.00
If not already enabled From the menu ba.r Select. File Edit View Project BsE0EGES Programmer Tools Configure Window He
| ' S -

Debugger » Select Tool » 5 REAL ICE e — o MPLABID 2

Run Fa 3 MPLAB 5IM

Animate

PEETE—
Step Into F7
Step Over Fa&

[m Build and Run the Program ]

w Lab1 - MPLAB IDE v8.00

D 2|/ [ocbug Vi RBO SHE cuwH P OB | BB
@ Select Debug mode. Debug @ When programming com-
Release pletes, click on the Reset

m—, =

button.
Click on the Build All ]
button. Click on the Run button.

If no errors are reported, @ Click on the Halt button.
@ click on the Start Simu- D& OR ‘

lation or Program but-
ton.

Results

The number 7 should appear in the first position of
the first line of the LCD and 5 should appear on the
second line.

PiCtile

= = JIAG

MiCROCHIP




Conclusions

Library / Archive files can be created easily within MPLAB. As a general rule, nothing special needs to be done
with the source code or the associated header file of a library file. The main concern is when you choose to
build a generic library, you must be careful not to use features that are specific to a particular device. So, ge-
neric libraries are best suited for general algorithms and code that is not hardware specific.

Once the library code is written, simply build the project with a library target as the selected output. Once the *.a
file is generated, it may be used in another project, assuming you have a header file with the appropriate func-
tion prototypes or extern declarations for variables that exist in the library file.

[m OPTIONAL—Continue Library Development ]

Make Library Project Active

= & Lab6.mcp
= (2 source Files
Labs.c

= [ Header Files

MyLib.h

Right click on the MyLib project and select:
Set Active

TL52130.h
(3 object Files
= Ea Library Files
MyLib.a
TL52130.3

[ Linker Script

Add to or modify library source code
(and its associated header)

1
2,
3
4
5

[ other Files Rebuild Library as in Step 12
= O
=-E2s
e Make Test Project Active
E Export Makefile J
{3 H BuidAl ) ) .
g Make Right click on the Lab6 project and select:
g Ll Buid options... Set Active
Li
Cl c Save
save As... Rebuild and Run Lab6 as in Step 17 through 21
D Files #  Close
Add Files...
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[m Configure the Project Build Options

Open the Project Build Options O
Dialog BOX File Edit View BEfiZ=# Debugger Programmer Tools Configure Window Help
~ j izard... i
From the menu bar select: D= Project Wiear y :
Project » Build Options... » Project Untitled Work: gi":n
= [ MyLib.n  Close »
=1 [“_‘| Sourq et Active Project ¥
T
(22 Head
(22 Objey Clean
(23 Libral Export Makefile
(23 Linke Build All Ctrl+F10
(3 oth Make F10
Othe Build Configuration 3
CRTCTLS 2130 bTesS2130.c
Saveprject

Build Options For Project "My

Setup Tool Suite Options MPLAB ASM30 MPLAB C30 MPLAB LINK30
irectories race ASM30/C30 Sute
From the tabs select: ASM30 / C30 Suite e Direct =
Categories: | [&ll Opticrs) Z |

Generate Command Line

Set the Target Type .
In the Target Type box select: Cuparleroma
Build library target (invoke LIB30) il

and check: \ =
Build generic library L S
\O Build narmal target [invake LINK.30)
(%) Build librany target (ireake LIE30)

i

e 6

Restore Defaults

build-fbrary generic-18bit |

Click when done p Lok [ s J[ s J[ e

m Build the Library

Build the Library
From the tool bar, click on the build all button

M MyLib - MPLAB IDE v8.00

.S This step will generate the
library / archive file MyLib.a
which may be used in any

PIC24 based project.

D& 2 || Retoase Vi s H B @ |
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Lab Exercise 7

Mixing C and Assembly

ﬂPurpose

The purpose of this lab is to illustrate how C and assembly files may be used in the same project, how C code
can call assembly functions, and how parameters may be passed between them.

Requirements

Development Environment:  MPLAB 8.60 or later
C Compiler: MPLAB C for PIC24, or MPLAB C for PIC24 and dsPIC (lite or better) v3.23b +
Hardware Tools: e Explorerl6 Development Board with PIC24FJ128GA010
* MPLAB Real ICE™ or MPLAB ICD3
Lab files on class PC or CD: C:\MTT\TLS2130\... or D:\TLS2130\...

Objective

Given a project that contains an assembly language source file with two subroutines (AddFunction and MostSig-
nificantl), and a C source file with a main function, add the necessary elements in the C source file to make the
assembly subroutines callable from C.

7-1



TLS2130

m Procedure

o If you still have the previous project open, you must first close it by selecting from the menu:
File » Close Workspace

Open Lab 4 by selecting from the menu:
File » Open Workspace...
and opening the workspace file:

[ C:\MTT\TLS2130\Lab7\Lab7.mcw
A Look at the Assembly Language File

The assembly language file Lab7_asm.s include two complete subroutines plus all of the interface elements re-
quired to make them callable from C, assuming the appropriate things are done in the C file itself, which will be
the focus of this lab. There are several elements of this file that deserve a detailed explanation.

e The name of the file includes the “_asm” because you cannot have both a C file and Assembly file in a pro-
ject with the same name (not including the file extensions .c and .s). This is due to the fact that the com-
piler will generate an object file with the same name as the source file. For example, the file Lab7.c will be
compiled into a file called Lab7.0, so we cannot use the name Lab7.s for our own assembly source file in
this project because it too will be compiled into a file called Lab7.0. If we were to use the name Lab7.s, the
project would compile, but would fail at the link step, producing an error reporting multiple definitions of our
assembly subroutines.

The second and third lines that contain the .global directives make the subroutine labels available to any
file in the project. Without these directives, the assembly subroutines would be strictly local to this file.

G The subroutine names must start with an underscore ‘_’ character to make them “visible” from the C code.
Without the underscore, an assembly label may not be referenced from a C program.

A
é Lab7_asm.s a

.include "p24£3j128ga010.inc"
.global AddFunction
0 .global MostSignificantl

.text

_AddFunctiong
add wO,wl,wO ; Add two integers and return the result
return

_MostSignificantl:
fflly[w0], wO ; Find first 1 from left (result is counted
MLV ; from left starting with 1)
subr w0, #16, wO ; Adjust to give traditional bit position
; number from right starting from 0O

return

.end
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The _AddFunction subroutine works in conjunction with the compiler’'s parameter passing methodology.
Since C functions that take two integer parameters pass them in the W0 and W1 registers, the first instruc-
tion of _AddFunction uses WO and W1 as its two source operands. Similarly, C will return a single inte-
ger value from a function in the WO register. So, the first instruction of _AddFunction uses WO as its des-
tination operand (add sourcel, source2, destination). The return statement corresponds to the closing
bracket of a C function, so this will return the program to the place from where the function was called.

e The MostSignificantl subroutine also works in conjunction with the compiler's parameter passing
methodology and will retrieve its first and only parameter from the WO register. However, note that in the
assembly code, the register name is enclosed in square brackets: [WO] . This means that the value in WO
is being used as an address for indirect addressing—what is known as a pointer in C. Therefore, the func-
tion header that you will define shortly should ideally have its parameter defined as a pointer, since the
function expects you to pass an address to it. (e.g. foo (int *p); )

Since the return value of this function is also an integer, it will be returned in the WO register, just like was
done for AddFunction.

Open Lab7.c by double clicking on its icon in the project tree. Complete the assigned tasks by adding
your code anywhere you see the comments “//### Your Code Here ###". All required reference
information is included in this section or in one of the previous labs.

|£| Lab7.c

#include <p24£fj128ga010.h>
#include "TLS2130.h"

int a, b;
int c;

//### Your Code Here #i## // ### Task (2.1): Function prototype for
// _AddFunction (two int parameters)
//### Your Code Here #i## // ### Task (2.2): Function prototype for
// _MostSignificantl (pointer parameter)
int main(void)

{
lcdInit () ;
a=>5;
b = 3;
//### Your Code Here ### // ### Task (2.3): Call _AddFunction.

// Pass it a & b, store result in c
lcdPutInt(c, DEC) ; // Display value of c on first line of LCD
lcdPutCur(1,0) ; // Move cursor to second line of LCD
//### Your Code Here ### // ### Task (2.4): Call MostSignificantl.

// Pass it the address of the variable a

// and store the result in c
lcdPutInt(c, DEC) ; // Display value of c on second line of LCD
while (1)

}
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Task 2.1: Write the _AddFunction C Prototype

Write a function prototype for the assembly subroutine AddFunction. Because the assembly routine
takes its inputs from the W0 and W1 registers, we can simply pass two integer parameters to
_AddFunction since the compiler will use WO and W1 for that purpose. The names of the parameters
are irrelevant since they will not be used in the assembly function itself. Also, remember that the func-
tion name in C should NOT have the underscore in front of it as the assembly name does. The assem-
bly function stores the results of the operation in the WO register (16-bit value), which the compiler uses
to pass return values back to the calling program in C.

First C Function Parameter Second C Function Parameter

Operation Performed by add :
_AddFunction:
add wo0,wl,w0 <= Return Value wOo + wl = wo
return

N

Function Prototype Refresher

Function prototypes are syntactically the same as a function header (1st line) with a semicolon at the
end:

type functionName (type paraml, type param2, .. type paramN) ;

Task 2.2: Write the _MostSignificantl C Prototype

Write a function prototype for the assembly subroutine MostSignificantl. Because the assembly
function uses the value in WO in an indirect addressing operation, it would be best if we define this func-
tions sole parameter as a pointer to integer (e.g. int *p). That way, when we call the function, we will
pass an address to it, which can readily be used in assembly language for indirect addressing. Like
_AddFunction, MostSignificantl also returns a single 16-bit integer in the WO register.

First C Function Parameter

_MostSignificantl: \ Operation Performed by subr :
£f£11 [wO0], wO
subr w0, #16, w0 €= Return Value 16 - wO = w0
return

££11 will find the first “1’ from the left in the register pointed to by w0. The bit position (starting from
1 on the left) is stored in w0. To convert this to a more conventional bit number (counting from 0 on
the right), the second line subtracts the first result from 16 and that value is returned to the calling

function in C.
££11 Counts from 1 on the left until it finds a 1 in the register and returns the count.
i1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 1 0
16 - value returned by ££11 = bit number counted from right
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Task 2.3: Call _AddFunction

TLS2130

Based on the function prototype you wrote for Task A, call the assembly routine _AddFunction, and
pass the variables a and b as its parameters.

Task 2.4: Call _MostSignificantl

Based on the function prototype you wrote for Task B, call the assembly routine _MostSignificantl,
and pass the address of variable a as its parameter.

[m Build and Run the Program ]

# Lab1 - MPLAB IDE v8.00

=2

e Select Debug mode. Debug ~
IHeIease
1

0 Click on the Build All HHHH
button. Click on the Run button.

I

e @ OPOE ) RO OR

When programming com-
pletes, click on the Reset

button.

6 If no errors are reported,

click on the Start Simu-
lation or Program but-
ton.

Results

The number 8 should appear in the first position of the
first line of the LCD and the number 2 should appear
in the first position of the second line.

Click on the Halt button.

.

s [ oo [sav [sv[ov]

]

8
o

== A MicROCHIP




Conclusions

Assembly language routines may be easily integrated into a C based project. There are a few straight forward
requirements:

1.
2.
3.

Assembly language subroutine labels must start with an underscore ’_.

Assembly language subroutine names must be made global with the .global directive.

A C function prototype with the same name of the assembly routine (without the underscore) must be written
along with the parameters you wish to pass to the assembly routine via w0 through w7 (and possibly the
stack if not enough space is available in the working registers).

Parameters are passed from left to right from C to the assembly routine in the lowest numbered, properly
aligned working register from w0 to w7. Any data that doesn’t fit will be pushed onto the stack. The order of
the parameters may be rearranged based on their sizes and alignments.

Data is returned from assembly to C via the working registers, using as many as required from w0O-w7 to
hold the return value. (i.e. char or intin w0, long or float in wO and w1, etc.)

The assembly routines should not modify any working registers from w8 to w15 without restoring them be-
fore returning to the C code.

Also, it is important that no two files in a project share the same name, not including the file type extension. In
other words, it is not permissible to have MyFile.c and MyFile.s in the same project since the compiler will at-
tempt to compile both of them into MyFile.o.

For more details, and additional cautions, please consult the MPLAB-C30 User’s Manual.
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