Getting Started
with the dsPIC30F 16-bit DSC

Hands-on Workshop
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dsPIC® Hands-on Workshop

e Gain knowledge of dsPIC® DSC architecture

e Use MPLAB® IDE development environment

® lLearn how to develop code on a dsPIC DSC
e MPLAB C30 compiler
® Use Peripherals and C Peripheral Libraries
@ Use DSP FilterLab® software

e Use MPLAB ICD 2 In-Circuit Debugger

e Debug on dsPICDEM™ 1.1 Development Board
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Corporate Overview

e Leading semiconductor manufacturer:

e Of high-performance, field-programmable,
8-bit & 16-bit RISC microcontrollers

e Of analog & interface products
e Of related memory products

e for high-volume embedded control applications
® $651M in product sales in FY03

e More than 3,000 employees

e® Headguartered near Phoenix
in Chandler, AZ

“The Silicon Desert”
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PIlecro® MCU Product Migration
Path

Products i
Flash, OTP and ROM
Superior Analog functionality
Outstanding Flash Endurance
Industry’s strongest product and e

family migration path 64/68-Pin Family

Famil
A0/44-Pin ./ 8K - 64K Words

28-Pin Family== 4K - 64K Words

— L 2K - 16K Words

Eamily,

8-Pin Family 5K - 4K Words

Family,
1K - 2K Words

5K - 2K Words
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80+ Flash PICmicro® MCUSs!

e Best in Industry Program Memory Endurance

e 100,000 Erase/Write Cycles Program Memory
e 1,000,000 Erase/Write Cycles Data EEPROM

® Separate data EEPROM space
e MCU can continue executing code while writing to data EEPROM
e Store calibration values and serial numbers

e In-Circuit Debugging Support
e® Low cost development tools
e Develop with the production microcontroller
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What is DSC ?
Digital Signal Control

LT 32-bit MCU
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16-bit MCU

*e, > 12 MIPS dsPIC30F
8-bit MCU ) The 16-bit MCU with
1 - 10 MIPS the power of DSP
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dsPIC30F

e Looks Like a MCU
@ Easy to use; Built-in Peripherals

e Performs Like a DSP

e Powerful DSP engine
e Priced Like a MCU

The 16-bit MCU with the power of DSP
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dsPIC® Family:
Architected from Scratch

Seamlessly integrates a DSP and an

MCU
MCU

look and feel, easy to use

Com

netitive DSP performance

Optimized for C compiler

Fast,

deterministic, flexible interrupts

Excellent RTOS support
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Co -Development

dsPICe
Architecture
Definition

\ 4

" Feedback
Assembler Simulator Compiler Verilog Model from Silicon
Design Team

I l
DSP MCU ompiler
/Appllcatlons/Aenchmarks/Aenchmarks/Aenchmarks/

Co-development of Architecture, Compiler, Applications & Algorithms
¢ In-house compiler team ** Motor control consultants

¢ 3rd party compiler vendor “* RTOS vendors

% Speech/modem consultants * Encryption consultants
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C Compiler Efficiency

32-bit Math intensive Code

16-bit Competition
dsPIC30F Processor (~ 50 kB code)

Includes features to
enhance C code efficiency

New Instruction types
+

More flexible addressing
+

Software stack

Nearest Competitor

Compact C code
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dsPIC30F Families

Power Conversion and Motor Control
Family

Sensor Processor Family

General Purpose Controller Family

dsPIC30F: 16-bit MCU with the power of DSP
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dsPIC30F Products
er Conversion & Motor Control Family

=T W0
ON =

Product

dsPIC(R) DSC

dsPIC30F2010 12 512 | 1024 6 ch Yes
dsPIC30F3010 24 1024 | 1024 (S)elg] Yes

dsPIC30F4012 48 2048 | 1024 6 ch Yes

dsPIC30F3011 24 1024 | 1024 9 ch Yes

dsPIC30F4011 48 2048 | 1024 9 ch Yes

dsPIC30F5015 66 2048 | 1024 16 ch Yes

N(N[FR P[P P PNMZIAHA
RlrR|Fr PP P PMZAHAA

dsPIC30F6010| 80 | 144 | 8192 | 4096 16 ch | Yes

Brushless DC Motor Control Appliances
AC Induction Motor Control Power Tools
Switch Reluctance Motor Control Automotive
UPS, Inverters and Power Supplies Industrial
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dsPIC30F Products

General Pur

nose Control

er Family

Product

dsPIC(R) DSC

Input
Capture

Output
Compare
Std PWM

S
=)
|

ON =

Codec
Interface

dsPIC30F3014
dsPIC30F4013

AC97, 12S

dsPIC30F5011
dsPIC30F6011

dsPIC30F6012

AC97, 12S

dsPIC30F5013
dsPIC30F6013

dsPIC30F6014

o o o[ g o 0|0 w

© W 0| 0 0|~ N

© W 0|mw 0 0|~ N

N N N[N N NP RMZAA
P P PP P PR RPNMZAA

N N NN N NN N
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dsPIC30F Products

Sensor Processor Fami

ON =

Product Output
Input
Compare

dsPIC(R) DSC Capture| o4 pwm

dsPIC30F2011 18 12 1024 12-bit, 8 ch

dsPIC30F3012 18 24 2048 12-bit, 8 ch

dsPIC30F2012 28 12 1024 12-bit, 10 ch

P RP|IRr P|VvI4HdA

dsPIC30F3013 28 24 2048 12-bit, 10 ch

e Glass Break Detect Rain Sensor
Gas Sensor Low power, Smart Sensor
Torgue Sensor Airbag Sensor Processor
Tire Pressure Sensor Pressure Sensors
Steering Angle Sensor Vibration Measurement
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Hands-on Labs

Learn to use dsPIC30F tools in MPLAB® IDE
Create a project in MPLAB IDE

Compile code with MPLAB C30 Compiler
Program dsPIC30F6014 with MPLAB ICD 2
Debug code on dsPICDEM™ 1.1 Development

Boarc
Use o

SPIC® peripherals - ADC and UART

Use o

sPIC DSP functions - digital filter
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lands-on Labs

e Learn to use important features of the
dsPIC® Digital Signal Controller

/O Ports
Timers
Interrupts
UART

A/D Converter
DSP Features

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box




dsPIC® DSC Architecture

aln Features
Single Core Integrating an MCU & a DSP
Modified Harvard Architecture

Data Is 16-bit wide

nstruction Is 24-bit Wide

_inear Program Memory up to 12 MB
_inear Data (RAM) up to 64 kB

True DSP Capability

Many Integrated Peripherals

M
®
®
®
©
®
®
®
©
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dsPIC® DSC Architecture

ain Features (continued)
16 x 16-bit Working Register Array
Software Stack

Fast, Deterministic Interrupt Response

Three Operand Instructions: C=A + B
Extensive Addressing Modes
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Programmers Model

0

Wo ™\

w1
w2

W3
w4

DSP OPERAND _J W5 W Registers

Registers W6

el > General Purpose

w8 )

DSP ADDRESS e Data Registers
—~ or

Registers W10 Address Pointers
W11

MAC Prefetch Offset W12

MAC Write Back W13 :
W14 Frame Pointer

W15 Stack Pointer

DSP Accumulators LAC/SAC over X bus
(40-bit) LAC/SAC over X bus

32 31

Program Counter | o] |
(23-bit) 2322

&
<

SA | SB |OAB|SAB DCIIPLZ IPLO|RA| N [OV | Sz Status Register

DSP Status MCU Status
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Programmers Model

e 16 x 16-bit Working Registers

e More Flexibility for
e DSP and MCU Algorithms
® General Purpose Pointers
e Stack Manipulation

@ Stack and Frame Pointers
e W15 Is Stack Pointer
e W14 is Frame Pointer
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Program Memory - dsPIC30F6014

Reset 0x000000

Interrupt Vector Table Interrupt

(0x000004 - 0x00007E) Vector Table

Reserved

Alternate
Vector Table

Executable code starts at 0x100 8§888%5

User Flash

Program Instructions < Program Memory

(~48K Instructions)
(0x000100 - Ox017FFE)

Reserved

Data EEPROM Ox7FF000
(4 kB)

0x800000

Configuration

Configuration Memory Space < Memory Space

OXFFFFFE
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2 kB
SFR Space

8 kB
SRAM Space

Optionally Mapped
into
Program Memory

Program Space Visibility

Data Memory - dsPIC30F6014

MS Byte
Address

{ 0x0001
OxO7FF

7~ 0x0801

Ox17FF
0x1801

N\~ OX27FF

/’_OXSOOl

\_OXFFFF

16-bits
MSB LSB

1
SFR ISpace

X Data RAM (X)
|

OX1FFF |

X Data RAM
Unimplemented (X)

LS Byte
Address

0300100 ‘\\

OxO7FE
0x0800

Ox17FE
0x1800

Ox1FFE

>— Near Data Access
8 kB

Ox27FE

0x8000

OXFFFE /
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Addressable Indirectly
o]
with File Register ‘MOV’
Instruction
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dsPIC DSC Instruction Set

e Instruction Set Features
84 Instructions
Most are one cycle
Most are one word (24 bit)

Three operand instructions A=B op C
e For compiler efficiency

DSP Instructions
DO Instruction
REPEAT Instruction

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box




Addressing Modes

e Generic Addressing Modes
Register ADD WO,W1,W2
Memory Direct CLR CORCON
Register Indirect DEC [++WO0],W1
with Signed Offset MOV [WO + #0xC3],W1
e Literal (Immediate) SUB #0x1D7,W0
® Register indexed MOV [WO + W1],W2

e Special addressing methods for DSP
e Modulo (Circular Buffer)
e® Bit Reversed (for FFT)
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Interrupts

e Stack Operation Prior to ISR Entry

0x0800

SRL pushed onto
stack to preserve

IPL<2:0> and \ PC<15:0> <+<——W15 (before interrupt)
MCU ALU status ™ SR<7:0> | £|PC<22:16>
(except DC) " —— W15 (after interrupt)

/ OX27FE
IPL3 saved in MS bit of

stacked PC value

N
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Now...

A Few Detalls About

Development Tools

Editor, Projects
Simulator
MPLAB® C30 C Compiler
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Editor

e Text editor, integrated with MPLAB® IDE
e Context sensitive color coding

e For assembler and C compiler

e Many editor features

e Cut, paste, copy, find/replace, match brace,
goto line/label/function, bookmarks,
Indent/outdent block, comment/uncomment
block, format upper/lower case, auto indent,
word wrap, etc
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Editor

Title bar with file changed indicator

db1iLab1 Flash LED with timer delay.c*

int main (veid)

{

TICON = 0; //Turn off Timerl byl
TMELl = 0O; //8tart Téceirl at ze

PRl = (Fcy/256)/2; /et registe -
T1CON = 0x8030; fﬁCo@re Timerl | Horlzontal

split-pane
control

while (1} 6

' {
Vertlcal J.f IFS0bits . Téb— 1) J/Check 1f Timerl in
Spllt-pane IFSDblt //Clear Timerl inter
ContrOI LRTDb t&mnq = 'LRTDbitS.LRT[M; //Toggle LED

1@ TCbltS RC1Z == 0) //Check if 31 button

TATOhits  TATTA . Simurn, RO ETA. On _Iﬂ
3
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Editor

Set Breakpoint
Br=akpaints

Run to Cursar
Set PC at Cursaor

- 25 o
Execution

5 int main (veid)

o 27 i (S

pomt Gopy
38 TICON = 0; | Egete //Turn off Timerl b=l

3y TMR1 = 0O; Delete //3tart Timerl at ze

40 PR1 = (FC¥/! Salect Al //8et period registe

41 TICON = 0x8  Bookmarks A/configure Timerl ¢

Bookmark |
. Find Mext
44 A/Loop while f Replace. .
15 Go To...
a5 while (1} ;
Al e Erafect
47 { Text Mode
48 if I: IFS0hb katch Ctrl+hd

Bronertie

Breakpoint 49 — | addr = 0x00B4 IFSObits = 0x00

50 IFS0bIts . TIIE = U i er
IReamment Blaek

LATDbits .LATDE = !LATDhits ]
|rc et Elmsk

— |} . Dutdent Bloek
if (PORTChits .RC13 == 0} FFLIIECE IL ol DUCLon

{

1 testing switch inpu

TATOhIits  TATHA . Jimurn, TRDRTIA. 0N _Iﬂ
3
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Projects

& e Find in Project Files

MNew.

e ® Find all occurrences of a

Set Active Project

string In project source files

Clean

osin ® Double click a result to jump

Build Options. ..

to the line In the source file

Save Project

= Output Hi=1E3
Build I Version Contral  Find in Files |

: CiWorkshopiLab1iLab1 Flash LED with timer delay.c:51:  LATDbits.LATD4 = ILATL

Find in Project Files CiWorkshopiLab1iLab1 Flash LED with timer delay.c:55: LATDbits.LATDG =~
CiWorkshopiLab1iLab1 Flash LED with timer delay.c:56: LATDbits.L/

Find what Im*\WurkshupkLahﬁLam Flash LED with timer delay.c:60:  LATDbits.LATD7 = 1;

Ci\WorkshopiLab1iLab1 Flash LED with timer delay.c:61: LATDbits.LATDG =0;

™ Match whole word anly CAHPIC30_Tools\supporti\gldyp30f6012.gld:1733: LATDbits = 0x02D6;

™ tatch case CAHPIC30_Tools\support\gldyp30f6012.g1d:1734: _LATDbits = 0x02D6;
Search complete.

4]
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Simulator

e Discrete event simulator
@ Operates on instruction cycle boundary

Multiple breakpoints
Stopwatch for time measurement

Trace memory to see past execution
View and modify variables and registers

External stimulus

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box




MPLAB® C30 C Compiler

e GNU based
e Comes with assembler, linker and librarian
e ANSI C compliant with standard libraries

e Optimized for dsPIC® architectural features
e 16-bit native data type
Uses 3-operand instructions
Complex addressing modes
Efficient multi-bit shift operations
Efficient signed/unsigned comparisons
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MPLAB® C30 C Compiler

Compiler, Assembler, Linker and Librarian

Output

Source Object Files

Files Files

HEX

.C Compiler .0

Linker

Assembler .0 T \

Archive
(Librarian)
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1 W
q
L

D) %

MPLAB® C30 C Compiler

—

ibraries

Math - sin(), log(), sqrt(), etc.

Peripheral Driver - ADC, PWM, UART, etc.
DSP Algorithm - lIR filter, Convolution, etc.
TCP/IP and Soft Modem

Speech recognition

Noise and Echo Cancellation

Encryption

RTOS compatible - CMX, OSEK

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box




Lab 1

Learn to Use dsPIC30F Tools
in MPLAB® Integrated
Development Environment

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 35




Lab 1

e dsPIC30F Tools we will use in the lab:
e MPLAB® IDE v6.XX
e MPLAB C30 C Compller

D
e MPLAB LINK3O linker
D

e MPLAB ICD 2 In-Circuit Debugger

e Literature that will help you:
® Quick Reference Card
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Lab 1

@ Learn to use dsPIC30F tools in MPLAB® IDE

® Four steps
Step 1 - Create a project in MPLAB IDE
Step 2 - Compile code with MPLAB C30 C

Compiler
Step 3 - Program dsPIC30f6014 using
MPLAB ICD 2

Step 4 - Run/Debug code on dsPICDEM™ 1.1
Demonstration Board
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e Start MPLAB® IDE

» MPLAB IDE v6.42
File Edit Yiew Project Debugoer Programmer Tools T -afigure Méndow  Help

D= el == n

B Untitled Workspace !Elml

Tool Bar Menu Bar

Project View

_[ofx]

Build “ersion Control  Find in Files

~— Cutput View

Status Bar
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Lab 1

e® Click Project Menu

@ Select Project Wizard qq,
()
Ofg?

Welcome!

This wizard helps you create and configure a new MPLAE praoject.

» MPLAB IDE e
File  Edit “iew | Project Debugge

e
‘ O |l | ‘ Froject Wizard..

H ........

Cpen...

Close

Set Active Project o P rOj ect Wizard
Screen opens

® Click Next

Cluickbuild (no .asm file)
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® Select
dsPIC30F6014

® Click Next
Project Wi

Step One:
Select a device

Project Wizard

Step Two:
Select alanguage toalsuite

hicrochip C30 Toalsuite

Active Toolsuite:

— Toolsuite Contents
tPLAB ASh 30 Azzembler (picil-as.exe)
MPLAB C30 C Compiler (pic3l-goc.exe)
MPLAB LIMK30 Object Linker (pic30-d exe)

Browse. . |

[ Show all installed toalsuites

—Location
CAPIC30_Toolskbintpici0-as.exe

Device:

Helgl hy Suite Isn't Listed!

< Back I Mext > I

dsPIC30FE014

® Select
Microchip C30 Toolsuite

® Click Next

Slide 40
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e Type Lab 1 for

Look in: | (] wib1.1

Project Name —
e Click Browse Labz

Lab3
Lab4

Project Wizard Labs

Step Three: Labé
MName vour project

Falder name: |2 ik 1 Select

Cancel

e Navigate to C:\WIB1.1\Labl
‘IF*”J'E“D"“"W e Click Select

—Froject Mame

ILaI::l 1
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Project Wizard [x]

. C I i C k N ext Steﬂdzu;n; existing files to wour project EE}@

Project Wizard

Step Three: . s ;
R ama your project _| Add 3> | O chvwWorkshopiLah1iLab Flash LED w

701 PIC30_Taols

1 Program Files
Remowe |

—Project Mame
ILab1

— Project Directory
[CvWorkshopiLab1 5. 1] | D

Check the box to copy the file to the
| project directony

T <Bock | BNew | | Conce
e Select Labl Flash LED with timer delay.c
e Click Add
@ Click Next
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Lab 1

® Summary Screen Appears
o C“Ck leSh Project Wizard

Device:
T oolsuite:
File:

& FiE W0

ta that wao

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box

I Summary

Click Finizh' to create the project with these parameters.

Project Parameters

d=PIC30FE0T 4
Microchip C30 Toolzuite
I: I'I, |.|'|.|it|1 1 II'.L-EI tl-l I'l,I.E' t|1 i F|

ace will be created, and the new project added

Firnzh Cancel
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Lab 1

® Project Window Now Shows the Lab 1 Project

i Lab 1.mcw

=-Lab 1.mcp
= Source Files

_ -~ Lah1 Flash LED with timer delay.c
Header Files

Ohject Files

- Library Files

- Linker Seri pts

Add Files. ..

Filter

® Right Click Linker Scripts and Select Add Files
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Lok, it I'ﬁ gld - ¥ ER-

[#]pacfaniz.ald  [#|p30fS0i3.gld || p30FEOLlAZ.gld [ paofe0l4Az.gld
#|p30f40izaz.gld  [#]p30FS013a2.0ld ] p30Fe01z.gld n30simm. gld

] p30f4013.qld ] p30f5015.qld ) p30fe01zaz.gld

#|p30f4013az.0ld  [=8] p30FE010.gd ] p30fs013.qld

] p30f5011.qld #|p30fe0i0Az.ald  [=8] p30FE01342.gd

#|p30fsoiiaz.gld  [=8] p30fe011.gd P tp30Fa014.gld

1 4

File niarne:; p30fE0T4.gld | Open I

Files of type: | Linker Scripts [*.gld) Cancel |

i

® Go to C:\PIC30_Tools\support\gld
® Select p30f6014.gld and Click Open
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Lab 1

= Lab 1. mow

=-Lab 1.mcp®

—

I Suurc:e Files
. ‘Lah1 Flash LE

Header Files

Dbject Files LATD = OxFFFF: FfTurn off all LEDS
) . TRISD = OxFFFO: fi3er LED pinz az outputs
Librﬁff Files OxFFFF: fSi3er pushbhutton switch pinz as inputs

Linker scripts
p30fE014 gld

SfInitialige LED outputz on PORTD hitz 0-3 and switch inputz on PORTL hitz 12 - 15

ffInitialige Timerl for 1/%Z second period

T1CON = 0O; SéTurn off Timerl by clearing control register

THR1 = 0O: fi8tart Timerl at zero

PR1 = (Fey/Z56)/72; fi3er period register walue for 172 zecond

T1CON = 0Ox5030:; SéfConfigure Timerl (timer on, continue in IDLE, not |

s

® Double Click a File to View and Edit the File
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Step 2

Compile and Link
the Project
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Lab 1

e Before We Compile and Link

e Tell compiler where to find header file
#include <p30f6014.h>

e Tell linker to reserve memory for the MPLAB®
ICD 2
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Lab 1

e® Click Project Menu
® Select Build Options and Project

» MPLAB IDE
File Edit “iew | Project Debugger Frogrammer Tools Configure Window Help
J [ & & | £ Froject YWizard...

Cpen...

Close

Set Active Project

et 0 Al
Clean

Build All CtrHF10
Make Fi0

Build Options. .. 4 Lab1 Flash LED with timer delay.c

Find in Project Files...

=ave Project

mave Project As...
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Build Options For Project "Lab1.mcp®

® Flnd Include Path General | MPLAB AZM30 | MPLAB C30 | MPLAE LINK30 |

Output Directory, $(BINDIR):

e Click Browse ,

Intermediates Directary, $TMPDIR:

I Browse. .

Aszsembler Include FPath, ${AINDIR):

I Browse. .

Include Path. ${INCDIR):

Library Fath, $(LIBDIR):

Include Fath, ${INCDIE):

I Browse...

Linker-Script Path, $iLk

Ermwse..,

Browse. ..
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Lab 1

® Go to C:\PIC30_Tools\support\h
® Click Select

Select folder

Loak in: I'ﬁ h

Folder name: |CARIC30_Toolshsupporth select

Cancel

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 51



e Include Path Now Points [REECERCIR ISty

to Header Files |c:xP|r:3n_Tuu|sxsuppurﬂhh

Build Options For Project "Lab1_mcp"®

General | MPLAB ASM30 | MPLAB G MPLAB LINK30

Categories: IGeneraI j

— Generate Command Line

Heap size: ™ Allow overlapped sections

kin Stack Size:

e Click MPLAB® LINK30 Tab
@ Select Link for ICD2 and Click OK
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e® Click Project Menu
® Select Make

File Edit “iew  Project Debugger Frogrammer Tools  Configure

Froject Wizard. ..

I_j

et Active Froject
(RN ket ol LR
Clean

Build All Ctri+F10

bake F10

Build Options. .. r

Find in Project Files. ..

oave Project
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Lab 1

@ Build Results are Shown in Output Window

Eovpu =
Build | Yersion Control I Find in Files I

Executing: "Chpical_toolshhin\picil-goc.exe" W "Chwib1 14 Lab1\Lab1 Flash LED with timer delay.u",—s|::ri|::|t="C:Rpil:ﬁ[l_tnnls\su;l
Executing: "CAProgram Files\MFLAEB IDENDSFIC_Tools\Binypic30-hinZhex.exe" "labl.cof"

writing labl he=x

=ection FC addre==s byte addre=s=s length (w-pad) actual length

reset I} I} 0=3 l=6k
Ctext O=100 O=200 O=1f0 =174
.dinit N=1f8 0=3f0 N=4 N=3

FOSC O=fa000n O=lfO00on N=4 N=3

FWDT Oxf30002 Ox1f00004 O=4d O=3

__ FEORPOR O=fa0004 O=lf0000s O=4 0=3
__FiG5 O=fa000a O=xlf000l4 N=4 N=3
c1wt Omd 0=3 O=fa lzha
Laivt O=a4d O=108 O=fa l=ha

.isT O=lfa O=3fd O=4 0=3

M
_—

A e A e e e S S e
(= p iy gl
——

LR ol e R TR TR S R e )
o 0 D01 e e e e et "]

Total program menory us=ed (bytes): O=300

Executing: "CAProgram Files\MPLAR IDENISPIC_Tools\BinLcoff_iCoff.exe" "lahl.cof
Loaded Chwibl 14Lakb1yabl cof
BUILD SUCCEEDED: Mon Apr 05 10:45:37 2004

<
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Step 3

Use the MPLAB® ICD 2
to Program and Run
the Code
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e MPLAB®ICD 2
e dsPICDEM™ 1.1 Development Board

: o ff_: {5

o eonER

{ T ARR

L ' L qm.
[ ""“ru;l.!.lli -
[y T T

EE
E

S TIITITTET
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MIC In/
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Switches (4)
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Lab 1

e Set up the Hardware

e Connect power the to dsPICDEM™ 1.1
Development Board.

® Connect USB cable from PC to MPLAB® ICD 2

@ Connect cable from MPLAB ICD 2 to
dsPICDEM 1.1 Development Board
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® Click Debugger Menu

® Choose Select Tool
and MPLAB® ICD 2

Debugger Frogrammer  Tools  Configure
Wl Select Toal d ¥ MNone
Clear Memary ¥ MFLAB 12D 2
hMFLAE ICE 4000 A
Fl RIS ERE
Download ICD2 Operating Swstem
ol S = = 2 )

tMPLAB SIhE0

Settings

e Click Debugger menu
® Choose Connect
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Lab 1

e Operating System Download

e MPLAB® ICD 2 may ask to download a new
operating system

@ Click Yes

MPLAB ICD 2 Warning

|COMYam0031: MPLAR ICD 2 contains the incorrect operating systern for the
selected dewvice. Would wou like to download the correct operafing system?

[~ Don't display this warning again
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Lab 1

e Output Window
e MPLAB® ICD 2 connected to the target device
e Identified it as a dsPIC30F6014

m Qutput
Build | Version Control | Find in Files MPLABICD 2 |

Connecting to MPLAB ICD 2

...Connected

Setting Vdd source to target

Target Device dsPIC30F6014 found, revision = 0x40
..Reading ICD Product 1D

Running ICD Self Test

...Passed

MPLAB ICD 2 Ready
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. CI |Ck Debugger M en u Build I Yersion Cn:nntn:ull Findin Files MPLABICD 2 |

Programming Target...

...Erasing Part
@ ChOOSG P rOg Fam ...Programming Program Memory (0x0 - Ox1FF)
...Loading DebugExecutive
...Programming DebugExecutive
...Programming Debug Vector

Yiew Project | Debugger Programmer Toaols  Configure  Window Help
Select Tool

Clear Memory - ...Programming Configuration Bits
Run Verifying...

Animate ...Program Memory

Eleli ...Debug Executive

:IEE gfer ...Debug Vector

Sten Gt ..Verify Succeeded

Pieset ...Programming Configuration Bits
Breakpoints... .. Config Memory

slvanced Breakpaints Verlfylng configuration memory...
MPLAB ICD 2 Setup Wizard Connecting to debug executive
Program ..Programming succeeded

Fiead MPLAB ICD 2 Ready

A

Connect
Download 1CD2 Operating System

e Output window
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Step 4

Use the MPLAB® ICD 2
debugging features

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 64




Lab 1

B Program Memaory

e Click View Menu
@ Choose Program o001F

0001FA
M e m O ry 0001FA
0001FA

0001FA

0000E 0001FA
00010 0001FA
0001FA

J 0= o Project 00014 0001FA
00016 0001FA

» MPLAB IDE

File  Edit | “iew Proect Debugger Frogram 00012

Dizasserm t|| Listin i Dpcode Hex || Machine | aymbaolic | P3Y kixed

Hardware Stack

@ Press F5 to Halt

File Registers

EEPROM ® Press F6 to Reset

Z;.E'E-T:jlall_:uru:ﬂn:nn Fegisters ' Green ArrOW ShOWS COde
' at Reset Vector 0x00000
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Lab 1

® Press F7/ to Single Step
@ Green Arrow Points to Code at reset

= Program Memory M=l E3

Address Opcode Lakel Disassembly L

UOOEC UO01FA nop

O00FE O001FA nop

agolino 20800F _reset mov.w # eheap,wls
ool02 227960 mov.w # SPLIM init,wd
oolo4 g80100 mov.w wl, 3FLIM
o0l06 oapooo nop

0o0l08 070005 rcall  psv oinit
0010A groooc rcall data init
ooloc 020180 call main

O010E oaopooo nop

00110 DA4000 break

o0ll2 FEOOOD reset

<]
Opcode Hex| Maching || Symbolic PSV Mixed | PSY Data
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Lab 1

e MPLAB®ICD 2 Function Keys
-5 - Halt
-6 - Reset
=/ - Single Step
-9 - Run
e Right Click
e Set Breakpoint
® Run to cursor
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et Breakpoint

Ereakpoints

Fun to Cursor

et FC at Cursor

Unda Ciri+Z

Fedo Cighe f

(ST LEhRIREA
(SOt 0 I
Easte B e

Heete =]

Select All CrriHA,

Bookmarks

Find... CtrH+F
Find Mext F3

Feplace. .. CirHH
Go To... Ctri+ G

Advanced

Properties...

Slide 67




Lab 1

@ Right Click LATD = OxFFFF; and Choose Run to Cursor
® Green Arrow Points to Next Line, TRISD = OxFFFO:

bl C:'wib1.1%Lab1%Lab1 Flash LED

J/Initialize LED outputs on FORTD bhits 0-3 and switch inputs on PORTA hits 12 - 15

LATD = OxFFFF; ffTurn off all LEDS
TRI3D = OxFFFO; /i8et LED pinz as outputs
TRIZL = OxFFFF; /f8et pushbutton swvitch pins as inputs

® Run to Cursor Executes Line Under Cursor
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Lab 1

e Find Line if(IFSObits. T1IF == 1)
e® Right Click and Choose Set Breakpoint

I C:'wibl1.1'Lab1'Lab1 Flash LED

//Loop while flashing LED ED4 and testing switch inputs i

while (1)
{
(3 if (IF30hits. T1IF == 1) f/Check if Timerl interrupt flag is set
{
IF30kita. T1IF = 0O: JfClear Timerl interrupt flag
LATDhLits.LATDO = 'LATDbits.LATDO: //Toggle LED1 EDO
'
if (PORTARits.RAlz == 0] ffCheck if 3W1 hutton is pressed
{
LATDhit=s.LATDZ o; //Turn LED3 RDZ on
LATDhit=s.LATD3 1; //Turn LED4 RD3 off

I K1 —

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 69



Lab 1

® Press F9 to Run
@ Green Arrow Points to Breakpoint Line

b C:wib1.1%Lab1'Lab1 Flash LED wi

J{Loop while flashing LED RD4 and testing switch inputs i

while (1)
{
@ if(IF50kbit=s.T1IF == 1) JfCheck if Timerl interrupt flag iz set
{
IF30hit=s.T1IF = 0O: JiClear Timerl interrupt flag
LATDhit=.LATDO = !'LATDhita.LATDO; //Togogle LEDL RDO
H
if (PORTibit=s.RAL1Z == 0] JfCheck if 2W1 hutton is pressed
i
LATDbits.LATDZ : //Tuen LED3 RDZ on
LATDbit=s.LATD3 : J/Turn LED4 RD3I off
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® Press F7 to Single Step

Lab 1

e Green Arrow Points to If(PORTA bits.RA12 == 0)

i C:wib1.1Lab1%Lab1 Flash LED

= Output Hi=] E3

Build | “ersion Cantrol | FindLI_"I

//Loop while flashing LED RD4 and testing swvitch inputs

while (1)
{
if (IFS0bita. TIIF == 1)
{
IFS0bits.T1IF = 0O:
LATDbits.LATDO = !LATDbits.LATDO; //Toggle LED1 RDO
}
if (PORTAbits.RA1Z == 0O)
{
LATDbits.LATDZ = O:
LATDhits.LATDI = 1;

A4 Turn LED3I RDZ on
f¢Turn LED4 RD3 off

JY —

JiClear Timerl interrupt flag

Jf/Check if Timerl interrupt flag iz set

//Check if 3W1 button is pressed

® Note Several Steps in Output Window
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MFLAE ICD 2 Ready
=etfting Breakpoint
Funning Target
MFLAE ICD 2 Ready
otepping Target
MFLAE ICD 2 Ready
Stepping Target
bMFLAE ICD 2 Ready
Stepping Target
bMFLAE ICD 2 Ready
Stepping Target
MFLAB ICD 2 Ready
stepping Target
MFLAB ICD 2 Ready
otepping Target
MFLAE ICD 2 Ready

<] |

=
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@ Click View Menu
® Choose Watch

# MPLAB IDE
File Edit | Yiew Froject Debugger FProgram

J O) & i v Project

Disassembly Listing watch 1 ‘watch 2
e ErE St EEE
Frogram hMemary
File Fegisters
ermon e Select PORTA from the
Add SFR Field

.
=pecial Function Fegisters ® CI | Ck Ad d S F R
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Lab 1

e Hold Down Switch SW1 or SW2 and Press F9

e PORTA Value Changes Depending on SW1 and
SW2 Being Pressed

s Watch

Ox=xEQO0

Watch 1 'Watch 2
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dsPIC® Device Interrupt Handling
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Interrupt Controller

e Interrupts Overview
e Interrupt Vector Table (IVT)
® \Vector location contains ISR address
Unique vector for each interrupt source
8 non-maskable error trap vectors
54 interrupt vectors
/ user assigned priority levels for each source
Consistent 5-cycle latency for all instructions
3-cycle return from interrupt
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Interrupt Vector Table

Reset - GOTO Instr. 0x000000
Reset - GOTO Instr.
Reserved
Oscillator Fail Trap
Address Frror Trap
Stack Error Trap
Interrupt Arithmetic Frror Trap

Vector Table Reserved Decreasing
Reserved

Natural Order
Reserved al’
Interrupt Vector 0 Priority
Interrupt Vector 1
Interrupt Vector 2

Interrupt Vector 53 0x00007E
Reserved
Reserved
Reserved
Alternate Oscillator Fail Trap
Interrupt Address Error Trap
Vector Table °

v Interrupt Vector 53 Ox0000FE
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Interrupt Controller

e Interrupt Priority Levels
® CPU has 16 priority levels
® Level O - 7 for normal peripheral interrupts
e Can be assigned by user
® lLevel 8- 15 reserved non-maskable traps
e® Osclllator failure, stack error, etc.
e Fixed priority cannot be disabled
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Interrupt Controller

PU has some priority level at all times
Starts at zero after Reset

PL<2:0> In Status Register - SR

e |IPL3 In Core Control Register - CORCON

e Higher priority interrupt can interrupt CPU
® CPU then assumes new priority
® Saves old priority on the stack
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Interrupt Controller

e Interrupt Priority Level set by IPCx registers
® Interrupt sources can be levels O - 7
® A level O source is effectively disabled
e Default interrupt priority is 4

e Can change CPU priority by writing IPL<2:0>
e |PL3 is read only - can’t disable traps
® |IPL<2:0> =111 disables all other interrupts

e DISI instruction disables level 1 - 6 interrupts
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Interrupt Controller

e Interrupt Context Saving
® Only SRL and PC are saved by hardware
® Saved on stack
e Compiler saves additional context data
® User can specify other data to save
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Interrupt Controller

IPL<2:0> bits

IPL3 bit

PC[150] _— |<+«— W15 (before interrupt)
SR[7:0] | | PCl22:16]
<Free Word> «—— W15 (after interrupt)

Stack Grows Towards
Higher Address
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Interrupt Controller

e C30 Interrupt Attributes
e _ attribute_ allows interrupt attributes list
void __ attribute_ ((interrupt)) _INT1Interrupt(void)

...((Interrupt(save(Varl,Var2)))) _INT1linterrupt(void)
...((Interrupt(save(Varl),irq(15)))) MylRQ(void)
® ISR is defined in header files

void ISR INT1Interrupt(void)
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Interrupt Controller

e Interrupt Nesting
® Interrupts nested by default

® Disable nesting by setting NSTDIS bit
NTCON1<15>

e CPU priority forced to level 7 during all
Interrupts when NSTDIS =1
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Lab 2

Using Interrupts
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Lab 2

e Light LED3 and LED4 using INT1 and INT?2
Interrupt

® lLearn about interrupts

e Use Lab 2 Workspace Provided

® Add six lines as indicated by comments
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Lab 2

e INT1 and INT2 Interrupt Registers

® |FS1 - Interrupt Flag Status
e INT1IF bit and INTZ2IF bit

e |ECI1 - Interrupt Enable Control
e INTLIE bit and INT2IE bit
e Interrupt Vector Table

® Use labels defined in Linker Script file
e® Listed in C30 Compiler User’s Guide

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box




Lab 2

e Linker Script file - Note label _ INT1interrupt

B C\PIC30_Tools\support\gldip30f6012_gld

*#% Primary Interrupt Vector Table *i
*/
.ivt  IVT BASE
d
LONG {(DEFINED{ ReservedTrapl) ? ABSOLUTE({ ReservedTrapl)
ABIOLUTE { DefaultInterrupt));
LONG (DEFINED({ CscillatorFail) 7 AB3SOLUTE({ OscillatorFail)
ABIOLUTE { DefaultInterrupt));

== |

LONG{(DEFINED{ MIZCInterrupt) ? ABSOLUTE({ MIZCInterrupt)

ABSOLUTE { DefaultInterrupt));
LONG {DEFINED{ CNInterrupt) ? ABSOLUTE({ CNInterrupt)

ABSOLU si=p=as errupt) ) ;
LONG{DEFIN ? RBSOLUTE(_ INTlInterrupt)

ABSOLUTE
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Lab 2

e Operation of Lab 2
e LED1 flashes in background in main()
e Turn on/off LED3 when switch SW1 Is pressed
e Turn on/off LED4 when switch SW2 is pressed

@ Tasks for Lab 2

@ Enable INTXx interrupts
@ Create a INTX interrupt function
e® Clear interrupt flag to allow a new interrupt
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e C:\WIB1.1\Lab2\Lab 2.mcw Workspace
e Code to be Added is Clearly Marked!

il C:*wib1.1%Lab2%Lab2 Light LED with INTx interrupk.c

LATDkhits.LATDZ : LEDS on
LATDhits.LATDS E LED4 off

LATDhits.LATDE ' LEDS off
LaTDhits.LATD3 ' LED4 on
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e Solution:

Line 46: IEC1Dbits.INT1IE = 1;
Line 47: IEC1bits.INT2IE = 1;

Line 67: void ISR _INT1Interrupt(void)
Line 78: void ISR _INTZInterrupt(void)

Line 69: IFS1bits.INT1IF = O;
Line 80: IFS1bits.INT2IF = O;
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Lab 3

Using Interrupt Priorities
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Lab 3

e Set Timer Interrupts to Different Priorities

e Change CPU Priority in Code
® Learn about interrupt priorities and interaction

e Use Lab 3 Workspace Provided

@ Add five lines as indicated by comments
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Lab 3

e Operation of Lab 3
® Set CPU priority to level 4 (in code)
e Timerl level 3 interrupts every 1/10 second
@ Light LED1 for 1/10 second in ISR

@ Timer2 level 5 interrupts every one second
e Light LED2 for one second in ISR

e Notice that Timerl interrupt to light LED1
never happens

@ Timerl level 3 is less than CPU level 4
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Lab 3

peration of Lab 3 Continued...
Detect when SW1 is pressed in main loop

e Set CPU priority to
Detect when SW1 Is re
e Set CPU priority to

evel 6 and LED4 on
eased In main loop
evel 2 and LED4 off

Notice that no timer interrupts occur while
switch Is pressed

Notice that both timer interrupts occur after

switch Is released
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Lab 3
A Picture is Worth a Thousand Words!

Event

4
> 6
—1 5
>
= 4
S ,
0
éi 2
Ql
0

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 95




Lab 3

Initialize CPU, Timerl and Timer2 Priority Level

Event

Timer2 LED?2

Initialized

— Timer1 LED1

v

.
6
5
A
3
2
1
0]

Reset
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Timer2 Interrupt Occurs

LED2

Initialized
Timerl LED1

\ 4

O FL,P N WP OO N

\ 4

Reset
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Timer2 Interrupt Returns

Timer2 LED?2

Initialized

Timerl LED1

\ 4

.
6
5
A
3
2
1
0]

Reset
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Timer2 Interrupt Occurs

LED2

Initialized
Timerl LED1

\ 4

O FL,P N WP OO N

\ 4

Reset
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Timer2 Interrupt Returns

Timer2 LED?2

Initialized

— Timer1 LED1

\ 4

.
6
5
A
3
2
1
0]

Reset
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Lab 3
Code Changes CPU Priority When S1 Pressed

Event

Timer2
Initialized
Timerl

Pending

\ 4

Pending

\ 4

O FL,P N WP OO N

Reset
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Lab 3
Code Changes CPU Priority When S1 Released

Event

S1 pressed LED4
Timer2 LED?2

Initialized
Timerl LED1

S1 released 4# SW1

Pending

Pending

O FL,P N WP OO N

Reset
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Lab 3

Pending Timer2 Interrupt is Handled

Event

S1 pressed LEDA4
Initialized

Timerl LED1 |
S1 released :| SW1

Pending

.
6
5
A
3
2
1
0]

Reset
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Lab 3

Pending Timerl Interrupt is Handled

Event

S1 pressed
Timer2
Initialized

S1 released

.
6
5
A
3
2
1
0]

Reset
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LED1
4° SW1
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Lab 3

Return from Timerl Interrupt

Event

S1 pressed
Timer2
Initialized
Timerl

S1 released

Reset

.
6
5
A
3
2
1
0]

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box

LEDA4
LED2

LED1
4° SW1
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Lab 3

Timerl Interrupt Occurs

Event

S1 pressed LED4
Timer2 LED?2
Initialized

LED1

S1 released :|J SW1

\ 4

.
6
5
A
3
2
1
0]

Reset
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Lab 3

Return from Timerl Interrupt

Event

S1 pressed
Timer2
Initialized
Timerl

S1 released

Reset

.
6
5
A
3
2
1
0]
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LED2

LED1
4° SW1
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Lab 3

Timer2 Interrupt Occurs

Event

S1 pressed
Initialized

Timerl
S1 released

>

.
6
5
A
3
2
1
0]

Reset
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LED2

LED1
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Lab 3

Return from Timer2 Interrupt

Event

S1 pressed
Timer2
Initialized
Timerl

S1 released

Reset

.
6
5
A
3
2
1
0]
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LED2

LED1
4° SW1
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Lab 3

Timerl Interrupt Occurs

Event

S1 pressed LED4
Timer2 LED?2
Initialized

LED1

S1 released :|J SW1

\ 4

.
6
5
A
3
2
1
0]

Reset
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Lab 3

Timer2 Interrupt Occurs

Event

S1 pressed
Initialized

Timerl
S1 released

>

.
6
5
A
3
2
1
0]

Reset
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LED2

LED1
4° SW1
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Lab 3

Return from Timer2 Interrupt

Event

S1 pressed
Timer2
Initialized

S1 released

.
6
5
A
3
2
1
0]

Reset
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LED2

LED1
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Lab 3

Return from Timerl Interrupt

Event

S1 pressed
Timer2
Initialized
Timerl

S1 released

Reset

.
6
5
A
3
2
1
0]

LEDA4
LED2

LED1
4° SW1

One click too many!
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Lab 3

e Tasks for Lab 3

e Set CPU priority to level 4

@ Set Timerl interrupt priority to level 3
@ Set Timer2 interrupt priority to level 5
o
o

Wait until switch SW1 pressed
Wait in Timerl ISR until next Timerl interrupt
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Lab 3

e C:\WIB1.1\Lab3\Lab 3.mcw Workspace
e Code to be Added is Clearly Marked!

I C:"WIB"Lab3"Lab3 Flash LEDs with two timer interrupts.c

52t Timer 2 interrupt priority and enable interrupt

IFS0bit=s T2IF
IECObit=s

"Feplace thi= text with code" ~+5Set Timer? interrupt priority

0; o0 1ear Timer? interrupt flag
1: S<Enable Timer? interrupt
SLoop while tes=ting =witch 51 (actiwe low) and change CFI prinr:J
"Eeplace thisz text with code" “~Wait for 51 to be pressed
wvhile (1)
: 1f(PORTChit= RC13) <1t 51 1= not pres=zed
‘ LATDbits LATD? : S+Turn LED ED?7 off _J:J
F
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e A Solution
Line 38: SRbits.IPL = 4;

Line 51: IPCODbIits. T1IP = 3;
Line 66: IPC1bits.T2IP = 5;

Line 73: while(!SW1);

Line 98:  while(IFSObits. T1IF == 0);
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Lab 4:
Peripheral Overview
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dsPIC30F Peripherals

MCU / DSP CORE Timerl Output Compare Packages
16-bit ALU Real Time Clock Standard PWM

16 x 16 MAC 16 / 32 bit Timers EE0/ el 18 SDIP

Dual 40-bit ACC ; -
Timer2 / Timer3 Input Capture
Program Memory 16 / 32 bit Timers (8 ch / 16-bit)

20 SSOP

28 SDIP

Timer4 / Timer5 58 SSOP

Flash . Motor Control PWM
144 kB ADC 12-bit 16-bit. 6-8 ch

100 KSPS 40 DIP
8 kB 500 KSPS (Timer6) 64 TQFP

80 TQFP

/0 PORTS

Data Memory CODEC

EEPROM interface
4 kB AC97, 12S
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Timers/Counters Overview

@ Five 16-bit General Purpose Timers / Counters
e Similar functionality between all 5 timers

e Period Registers for Each
e® Interrupt generation on match
® Reset on match

e Gated Timer Operation on Each
e Interrupt-on-falling edge of gate

@ Four of These Timers can Make a 32-bit Timer/Counter
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Motor Control PWM Block
Diagram

16-bit Time Base

Duty Cycle —_  — PWM4H
Dead Time Unit

Generator #4 BVWMAL

Duty Cycle — — PWM3H
Dead Time Unit Four PWM output

— . pairs with output
PWM Override PWM3L polarity control
Logic

Duty Cycle — 1 PWM2H
Dead Time Unit

" — PWMZ2L

Generator #3

Generator #2

Duty Cycle —_— — PWM1H
Dead Time Unit

" — PWM1L

1_ Fault A Two fault pins w/

A/D Conversion programmable fault

Trigger states
= Fault B

Generator #1
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QEB/UP_ DN

QEA/TQCKI
GATE

UP/DOWN

QEI

Block Diagram

!

Digital Filter
Logic

v

Digital Filter
Logic

Clock
Divider

A 4

Digital Filter
Logic

Quadrature

Decoder
Logic

Timer Mode

| DIR

.| Prescaler and

Sync. Logic

Timer Mode

\ 4 \ 4 \ 4 A\ 4

|16-Bit Up/Down

Counter

1
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DCI| Features

@ Support for PCM Audio Codecs

e DCI supports speech, modem and general audio
applications

Automatic Synchronous Serial Data Transfer

Support for 12S and AC’97 Protocols

TDM Features Support up to 16 Data Time Slots
Module has up to 4 Word Buffer (16-bit words)
Master or Slave Operation

Separate Baud Generator for SCK Signal
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DCI Block Diagram

SCK Generator

Word Size Control
Frame Size Control

Frame Sync Mode
J Frame Sync
Generator

Receive Buffer Registers
w / Shadow Regs

Buffer Control CPU interrupt

Data Bus

Transmit Buffer Registers
w / Shadow Regs

16-bit Serial Shift Register
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UART Module
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UART - Overview

Full-duplex, asynchronous communication

Support for communication protocols such as RS-232,
RS-422, RS-485 and LIN

4-deep transmit and receive buffers
Transmit and receive interrupts
Error detection

® Support for receiver addressing

@ Additional Features
e Loopback mode
e Alternate TX/RX pins on some devices
e \Wake-up from SLEEP
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To Input Capture

Baud Rate

Generator

=16

Divider

»] UXRSR

f—

Error Handling

Load UxXRSR
to Buffer

UXRXREG

Module Control / [¢

Logic
I

uxrx [——(_|

LIN Bus —
Support

Error Status

=

UTXBRK

{ UXTSR

Load UXTSR ﬁ

UXTXREG
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e Baud Rate Generator
e Each UART has a 16-bit baud rate generator
e Baud Rate controlled by UXBRG register

Baud Rate = Fcy / (16 * (UXBRG + 1) )
UXBRG = Fcy / (16 * Baud Rate) - 1

(Fcy = Instruction Cycle Frequency)

® [X and RX use same baud rate
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UART

® Registers to Configure the UART
e UXMODE, UxSTA, UXBRG
e C Library for the UART

e OpenUARTX(int configmode, int configsta, int setbrg)
CloseUARTX()

® unsigned int ReadUARTX()
e WriteUARTX(int data)

@ C Libraries also Support Classic C Type Routines:
® getcUARTX(), putcUARTX(), putsUARTX() etc.

® Other Functions Avalilable are:
® BusyUARTX(); DataRdyUARTX();
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Lab 4 Instructions

® Use Lab4.mcw Already Defined
e Ilibp30F6014.a and UART.h are already in the project

® Use C Libraries to Set UART1 Baud Rate to 9600
e Use the formula U1BRG = Fcy /(16 x Baud Rate) - 1
e Note that Fcy Is already defined as ‘FCY’
OpenUART1(U1MODEvalue, U1STAvalue, baudvalue);

e Transmit a Text Message Ending with a NULL
e Use WriteUARTX(int data) - Note: int, not char

® Recelve Buffer Receives Transmitted Data

® Loopback mode is enabled
e When SWL1 is pressed LCD should display “Microchip”
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Lab 4 Instructions

i C:wib1.1%Lab4' labd.c

while ['3W1): A4 start transwission when 2W1l is pressed
while [(Txdata[TxIndex]) // do until HNULL char is reached
i
.
while (BusavyUART1()): J/ wait if transmitter iz busy
¥
while (3W1): S wait t£ill 3W1l i= released
} ffoend of while forewver

i C:\wibl.1%Lab4" lab4.c

UART TX ENAELE & UART INT RX 3 4 FUL &
UART ADE_DETECT DIS &
UART RX OVERRUM CLEAR:
/4 The BAUDELATE = 9800, FC¥ iz already defined so use
JS it as UFCYT, Plug into the formuila provided in the =lides

—>

CpenUART1 (T1MODEwalue, UT1l3TAhvalue, baudwvalues)

NN —
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Lab 4 Result

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 131




Solution for Lab 4

e Solution

Line 54
WriteUART 1((int) Txdata[ TxIndex++]);

Line 83:
baudvalue = FCY / 16/BAUDRATE - 1:
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A/D Converters

10- or 12-bit
High Speed, Multi-channel
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A/D Converter

@ 10-bit resolution with +/- 1-bit accuracy
® 500K samples/second conversion rate
e Up to 16 analog inputs, 4 S/H amplifiers

e 12-bit A/ID

® 12-bit resolution with +/- 1-bit accuracy
® 100K samples/second conversion rate
e Up to 16 analog inputs, single S/H amplifier
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A/D Converter

ommon Features
External VREF+ and VREF-
Analog input range: (VREF-) to (VREF+)
Allows unipolar differential measurements

Programmable sampling sequence
@ 16 sample, dual-ported buffer
Multiple conversion trigger sources
Many conversion scheduling options
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12-bit A/D Converter

Conversion
Control

ADC
BUFFER Data

12 bit
100 KSPS 16 deep Format

——

aoeju91uU] sng

Sample
Sequence
Control
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12-bit A/D Converter

e Controlling Start of Sampling

e ASAM =1 - Automatically begin sampling after
conversion

e Maximizes the sampling time

e ASAM = 0 - Does not automatically begin
sampling

® User must set SAMP bit to begin sampling

@ Clear SAMP bit to end sampling and start
conversion

® SAMP bitis in the ADCONL1 register
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12-bit A/D Converter

e Controlling Start of Conversion

® SSRC Bits Select Method of Conversion Start
e Manual trigger
e Clear SAMP bit to start conversion
e Auto sample time
e Internal T,y count starts conversion
e Motor Control PWM special event trigger
e 10-bit A/D only - synchronize measurement
e Timer3 period match trigger starts conversion
@ INTO pin active edge starts conversion
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12-bit A/D Converter

® \When iIs the Result Available?

e SMPI Bits Specify Samples per Interrupt

e Interrupt on Completion of n'" Conversion
e ADIF bit in IFSO

ADCONZ2 Register

| VCFG2 | VCFG1 | VCGFO | OFFCAL | - | CSCNA | - | - |
bit15 14 13 12 11 10 9 bit8

| BUFS | - | sMPI3 | sSMPI2 | sMPI1 | SMPIO | BUFM | ALTS |
bit7 6 5 4 3 2 1 bit0
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12-bit A/D Converter

e 16-word result buffer - ADCBUFO,1,2...E,F
e® Buffer resets to ADCBUFO after each interrupt
e Overwrites ADCBUFO after next conversion

e Can software unload buffer fast enough?

e Buffer Fill Mode - BUFM =1
e Buffer split into two 8-word buffers
® BUFS shows buffer used by A/D Converter
e BUFS =1, ADC fills ADCBUFS8 - ADCBUFF
® Max 8 samples per interrupt
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12-bit A/D Converter

e® Alternate Input Sample Mode
@ ALTS =1 - Alternate Between MUX Inputs A and

B

AN15
MUX inputs ANO
MUX Inputs

AN1

VREF-
ADCHS Register

=

ADCBUFEX

ANO

AN15 - AN1

ANO

AN15 - AN1

| CHXNB<1:0> | cHXSB |CcHONB=0 |

CHOSB<3:0>=0000

bit15 14 13 12

10

9

| CHXNA<1:0> CHXSA | CHONA=1 |

CHOSA<3:0>=1111

bit7 6 5 4

3
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12-bit A/D Converter

® Channel Scanning on MUX A - CSCNA =1

AN15 X}—e
AN14 [ ADCBUFX

ANO
IXNE
ANY AN4
<__ANG6 > AN6
AN5
AN4
AN3
AN2
AN1
ANO

_ VREF- =
ADCSSL Register

|CSSL15=0]|CSISL14=0[CSSL13=0[CSSL12=0[CSSL11=0|{CSSL10=0| CSSL9=0 | CSSL8=0 |
bitl5 14 13 12 11 10 9 bit8

| cSSL7=0 | cSSL6=1 | €cSSL5=0 | €cSSL4=1 | €cSSL3=1 | CSSL2=0 | CSSL1=0 | CSSL0=1 |
bit7 6 5 4 3 2 1 bitO
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Lab 5 Setup
eI Scanning on MUX A - CSCNA =1

ADCBUFXx
AN15 X}—e AN4

ANDS
ANG
AN4
ANS
ANG
AN4
ANS
ANG
AN4

B ANS5
VRer- = GND ANG

W >O© 0oy OO0 W P O

ADCSSL Register

|CSSL15=0[CSSL14=0[CSSL13=0|CSSL12=0[{CSSL11=0|{CSSL10=0| CSSL9=0 | CSSL8=0 |
bitl5 14 13 12 11 10 9 bit8

| cSSL7=0 | cSSL6=1 | cSSL5=1 | cSSL4=1 | €SSL3=0 | CSSL2=0 | CSSL1=0 | CSSL0=0 |
bit7 6 5 4 3 2 1 bitO
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Instructions for Lab 5

Use Lab5.mcw Workspace

Setup Auto Sample Using 10mS TMR3 Trigger to
Stop Sampling and Start Conversion

Setup ADC to Scan AN4, AN5 and AN6 Connected
to RP2, RP3 and RP1 Respectively

Repeat Scan 4 Times by Setting Interrupts to
Occur after 12 Sample/Convert Seguences

Average the Pot Values and Display the Hex Value
on the LCD Display.
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Instructions for Lab 5

i C:\wib1.1Lab5%lab5.c*
l.."'.'rtttttwtttwttwtt#tt?r'.'rfr'.'r'.'rfr'.'r'.'rﬂ'fr'.'rtttttwtttwttwtttttttttttttttttttttwtt

Eelow iz the code redquired to setup the ADC registerzs for
1. 3 channel scan ANG, ANS and AN4

Auto ZBample uszing THMRI set for 10 m2 sample

Interrupt after 12 load of samples

Conversion Tad = 1uld = 15 u3

Manual check of interrupt flag.

wwa-wwwa—wwwa—wwa—wwwa—wwa-a-w-.';a-wwwfrwwa—w-ﬂ;a—wwwa-wwa—wwwa—wwwa—wwa-wwwa—wwa—wwwa—wwwa—l;

roid InitADC1Z (vodid)
i

ADPCFG OxFF3F: 7/ all PORTE = Digital: RE&-RE4 = analog

S then convert

T

ADCON3 Q=0000F ; 4 TMR3I = 10ms , Tad = 8Tcy
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Lab 5 Result
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Solution for Lab 5

e Solution

Line 121: ADCON1 = 0x0044;

Line 123: ADCON2Z2 = 0x042C:

Line 124: ADCSSL = 0x0070;
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Lab 6:
Digital Filtering Overview
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Digital Filters

e What is Digital Filtering?

@ The digital processing of an input signal to produce a
desired output signal with a certain frequency
response or characteristic

@ Advantages of Digital Filtering (Over Analog):
® Less affected by noise
Lower power consumption
Programmable systems (easy to modify)
Minimal characteristic drift with age
Minimal characteristic drift with temperature
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Digital Filter Types

e Digital Filters are Classified into Two Types
e Finite Impulse Response (FIR)
e Infinite Impulse Response (lIR)

e FIR and lIR Filters can be Designed to

Provide Some Desired Response

® Low Pass Filter (passes low frequencies)

@ High Pass Filter (passes high frequencies)
@ Band Pass Filter (passes a frequency band)
e Band Stop Filter (stops a frequency band)
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DSP Features

All DSP Operations Execute in a Single Cycle

Single Clock Cycle MAC Instruction:

e Dual Address Generator Units (AGU) support parallel operand
(data and coefficient) fetches

® Accumulator write-back

e Fractional/Integer Multiplier for 16 x16-bit Operation

e Two 40-bit Accumulators

® Supports algorithms using complex values (e.g. FFT’s) or
algorithms requiring multiple filter loops

Less need for data input scaling to prevent overflow

Separate overflow detect, flags and branches for each
accumulator

Optional saturation mode
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DSP Features

e 40 Stage Barrel Shifter (up to 16-bits Left or Right)
e Shift accumulators, W registers or memory

Accumulator Rounding During Store Operation
e Conventional rounding
e Convergent (unbiased) rounding

Modulo Addressing (for Filters): Both AGU’s
Bit Reversed Addressing (for FFT’s): One AGU

Zero Overhead Instruction Loop Support
e REPEAT: Repeat next instruction N times
e DO: Repeat loop N times

e Constant or variable loop count
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DSP Engine Block Diagram

40-bit Accumulator A ——
40-bit Accumulator B ———»

16
+‘_>

»
»

Round Logic
Saturate

X Data Bus

Sign Extend

A

[\

A

33

Zero-backfill

|

17-bit /16
Multiplier/Scaler

Operand Pre-Processing

1 )

From W Array To W Array
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Single Cycle MAC Instruction

FIR Filter Tap =1 cycle

e Sample Instruction Syntax
e MAC W4*WS5, A,

=/

Source
operand
registers

Destination
accumulator

Other Acc.
Write-back
destination

_

Y \/

Basic Syntax Optional Arguments
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Using dsPIC™ Digital Filter
Design Simple as 1,2,3....

e Create a High Pass Filter with a Cutoff
Frequency of 700 Hz

Design -> FIR Window Design -> Highpass

2# FIR (Window) Design

Filter Type
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Specify the Filter Characteristics

Sample Frequency = 10,000 Hz

Passband = 700 Hz

Stopband = 500 Hz
Passband Ripple = 3 dB Fier Specification Input

Stopband Ripple = 4 dB [
Passband Frequency: 7000
Stopband Frequency: [500
Passband Ripple (@B): [3
Stopband Ripple (B [

Cancel
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Choose the Windowing Function
Applied to the Filter

22 Highpass Filter

— FIR "“wirndow Dezign Filter Length E stinate:s:
R ectangular 47

4 Term Cozine

T riarngular 1939 4 Term Coszine with C50D

H anning 157 FAirirnurn 4 term coszine
H armming 165 Good 4 Term Blackman
Blackman 2750

Exact Blackran 233

rri= Flattop

917 00 00

2 Termm Casine 267
3 Term Cosine vath C30 259

Diolph-T 2chebyzcheff

T aylor

~
~
~
~
~
~
~
~
~

]

Finimum 3 Term Cosine 295 G auszian

E nter Deszired Filter Length [optional]: I

I FPrew I Help Cancel
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The Filter Characteristics are
Displayed....

4, d5PIC FD

24Magnitude

Magnitude vs Frequency

Magnitude

] S000

! ':i'-;'?eqﬁ'e'ﬁ cy"(Hértzi)u' -
=TE

Group Delay vs Frequency
0.00450

Group Delay (Seconds)

1000 20 0 4000 5000

" Frequency (Hertz)
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Impulse Response vs Time
a

Impulse Response

dsPIC® Workshop in a Box

Phase vs Frequency

5a0

£45tep Resp

Step Response vs Time

Step Response
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Generate the Filter Coefficients
and Source Code

® Codegen -> Microchip -> dsPIC30

+ xData Space
" Program Space

Simulator Files for Impulze Rezponze Calculation

[~ M-file [plots simulator output & FFT]

= Hatlab

@ Save the File as “fir_testl” in “C:\wib1.1\lab6\”
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Filter Design Output File:
Filter Taps Definition

A MPLAB IDE ¥6.40

Fil= Edit Wjew Project Debugger Programmer  Tools  Configure  Window  Help

DEWE|smE |82 || 0= % || b oWoo R

-egu fir testlMuamTaps,

; Allocate and initialize filter taps

.sacktiom _xdata
.2ligza 128

fir testlTaps:

hweord  O0xFFSC, OxFEEOQ, OxFEVZ, O0xFEZ4, OxFE3Z4, OxFEVS, OxFEFE, OxFFEA, 0Ox0037
Jbmned 0x017C, 0x0249, 0x02DD, 0x0314 O0x02ES, Ox0232 0 0x010C, O0xFF&E3, OxFDEE&
Cbpmoad  OxFBE4, 0xF2CD, OxFe2E, OxF49E5  OxF20B, OxFzZl0, Oxe2BzZ, O0xFzZ1l0, OxFZ20E
Shpmord O0xF49E 0 O0xFe2E, OxF2CD, O0xFBzd4, OxFDEes, OxFFe3, 0x010C, O0x0224hA, Ox0ZER
Shpmsed 02032124 0x0ZDD, Ox0245 0 0x017C, 0x0037, OxFFBA, OxFEFE, OxFE72, OxFEZ24
Shweord  OxFEZ4, O0xFE7z, OxFEEOD, 0OxFFeC

|

MPLAE ICD 2 \dsPIC30FE014a2 po:0xlbde nabsabIPO DCnovZo |

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 160



DSP Performance Benchmark

Cycle Count Comparison (Normalized)
Using BDTI Benchmarks™

2
BDTI Microchip 13 Motorola ADI 2
Benchmark dsPIC ! Codx/Co4 S6F83xX 2199x
Results 30FXXX X XX (56800E) (219x)

Vector Dot Product
Real Block FIR
Two-Biquad IIR
Control

Notes: 1. Projected Results
2. Buyer’s Guide to DSP Processors, 2001 Edition
3. Buyer’s Guide to DSP Processors, 1999 Edition

Results (c) 1999-2004 Berkeley Design Technology, Inc.
Contact info@BDTI.com for info.
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DSP Performance Benchmark

- Execution Time Comparison (Normalized)
Using BDTI Benchmarks™

BDT] dsPIC ? TI 3 Motorola 2 ADI 2

Benchmark 30Fxxx ‘C2xx/C24xx 56F83xx 2199x (219x)
Results (30 MIPS) (40 MIPS) (60 MIPS) (160 MIPS)

Vector Dot Product
Real Block FIR
Two-Biquad |IR

| Control

Notes: 1. Projected Results
2. Buyer’s Guide to DSP Processors, 2001 Edition

3. Buyer’s Guide to DSP Processors, 1999 Edition

Results (c) 1999-2004 Berkeley Design Technology, Inc.
Contact info@BDTI.com for info.
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Additional Benchmarks

Benchmark Cycle Count Execution @ 30MIPs

FIR Filter Tap 33 ns

Biquad IIR (4 coeff) 267 ns
(single sample)

PID
(core only)

PID 31
(core, error calculation, limit check, wind-up control)

Division 18
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Interfacing to the DSP Library

e DSP Library is Both “C” Callable and
Assembly Callable

e “C’ Interface Requires Just 2 files:
e LIBDSP.A and DSP.H
e Provided in C30Tools directory

e Library Typedefs
typedef Int fractional;
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Digital Filters and the
DSP Library

e Library Filters Operate on Blocks of Data

e One Flilter Initialization Call is Required
o FIR

e FIRDelaylnit (&fFir_testlFilter);

e FIR (BLOCK LENGTH, &fFilter output array[O],
&array|[0], &fFir_testliFilter);

e |IR (Transposed and Canonic Realizations)

e IIRTransposedinit (&Fir_testlFilter);

@ IIRTransposed (BLOCK LENGTH,
&fFilter output _array[0], &array|O],
&Fir_testlFilter);

e For Canonic, use I1IRCanoniclnit(), IIRCanonic()
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Lab 6:
Digital Filtering and the dsPIC® Digital

Signal Controller
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Lab 6 Overview

e Objectives

Use filter coefficients created by dsPIC™ Filter
Design tool

Learn how to integrate the designed filters into

your project
Learn how to use the DSP Library
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Lab 6 Overview

® The input signal contains the sum of three sine
waves at 847, 367 and 123 Hz.

® The dsPIC™ Filter Design tool was used to
design a high pass filter at 700 Hz to remove the

367 and 123 Hz noise components. The
coefficients are stored In the file fir_testl.s

Call the “C” FIR library function which uses the
filter coefficients to remove the identified noise
components

Extra Credit:
Benchmark the filter routines using TMR1
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Input Signal

® Pressing the SW1 Button Displays the Filter Input
on the LCD Display:

tnm Simple Charting Ukility

© 2004 Microchip Technology Incorporated. All Rights Reserved. dsPIC® Workshop in a Box Slide 169




Output Signal

® Pressing the SW2 Button Displays the Filter Output
on the LCD Display:

123 Simple Charting Utility
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Conclusion

The dsPIC30FXXXX Architecture and Peripheral

Set is Ide

al for DSP Applications

Development Tools are Versatile, Inexpensive and
Easy to Use When Developing Applications

DSP Too
Easy Coc

s Reduce Mathematical Complexity With
e Generation

DSP App
® Motor

ication Notes and Reference Designs:
Control, Filters, Speech and Connectivity
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Survey

® Please dsPIC30F Workshop in a Box Survey at:

http://techtrain.microchip.com/surveys/dspic/dspic wsiab.aspx

® Those Who Complete the Survey Will be Entered
iIn a Drawing for Several Valuable Prizes
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Thanks for Attending!

Good Luck in Your Development
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The Microchip name and logo, the Microchip logo, Accuron, dsPIC, KeeLoq, MPLAB, PIC, PICmicro, PICSTART,
PRO MATE, PowerSmart and rfPIC are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

AmpLab, FilterLab, microlD, MXDEV, MXLAB, PICMASTER, SEEVAL, SmartShunt and The Embedded Control Solutions Company are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Application Maestro, dsPICDEM, dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB, In-Circuit Serial Programming,
ICSP, ICEPIC, Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM, PICkit, PICDEM, PICDEM.net, PICtail, PowerCal, Powerinfo, PowerMate,
PowerTool, rfLAB, Select Mode, SmartSensor, SmartTel and Total Endurance are trademarks of Microchip Technology Incorporated in the U.S.A. and other
countries.

Serialized Quick Turn Programming (SQTP) is a service mark of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their respective companies.
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