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MMMMMMMMMMM Objectives

e When you walk out of this class,
you will understand the 16-Bit
MCU:

— Architecture

— Interrupts

— Basic Peripherals

— Peripheral Configuration

— Programming in C using MPLAB®
C30
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Agenda

® %:%_()Bit Architecture Basics & MPLAB®

— MCU Data Path & Reqgisters

— Program & Data Memory

— MPLAB C30 C-Language Extensions
e LAB 1: My First C30 Project

— Data Access From Program Memory
e LAB 2: PSV Initialization and its usage

— Stack and Frame pointer
— Interrupt and Trap Handling

e LAB 3: Interrupt Service Routine and Interrupt
Priority
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MASTERs 2007

Agenda (Continued..)

e 16-Bit Peripherals

/O Ports

ADC
e LAB 4: ADC Configuration & usage

Comparators & Voltage Reference generator

Timers
e LAB 5: Configuration of 32-bit Timers

Capture
Compare & PWM

UART
e LAB 6: UART configuration and usage of FIFO

|2CTM
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EEEEEEEEEEE Agenda (Continued..)

® Special features

— Osclllators and Power Saving
modes

— Resets

— WDT
® Summary
e References
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16-Bit Architecture
Basics & MPLAB® C30
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Ucrivi .
Harvard Architecture
e 16-bit microcontroller

e 24-bit Instruction width

e Data Transfer Mechanism between
PM and DM
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=== Architecture Block Diagram

Data Memory
(RAM)
32K x 16 bit

Instruction
Pre-fetch & Decode

DSP: dual access
MCU: single access

o 2 Y 5
< < 9 @
> X i
< Program
Memory
AM x 24 bit
| 23-bit PC
MCU & DSC Control Linear
DSC ONLY ~—_—
Address Path - == = DSP Data Path

MCU/DSP Data Path Program Data/Control Path
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Maximum 12MB
—  4MB x 24-bit
— 23-bit PC (PCH & PCL)

PC increments in words
(LSB always ‘0")

Reset Vector at O

Interrupt Vector Table
from 4h to FEh

User Code space from
200h to 7FFFFEh (what
ever iIs implemented)

23 0

Table Ops | TABPAG |[Source reg

PSv |O|PSVPAG |Source reg |0

User Space

Config Space

23

0

0 PC<22:1>

0

Reset Vector

Interrupt Vector Table

Alternate Vector Table

On Chip User Flash
Memory

Flash Config Words

Unimplemented

Config Registers

Device ID

* Program Memory Organization

000000h
000004h

000104h

000200h

7FFFFEh

EEEEEEhR
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VASTERs 2007 Data Memory Orgamza’[lOn

MS Byte 16_bits > LS Byte
Address Address
MSB LSB
2 KB 0x0001 0x0000 ™\
Q
SFR Space { OXO7FF SO spEce OXO7FE
0x0801 0x0800 Near Data
X Data Ram >. Memory
8 KB
SRAM Space
2 KB Dual Port RAM
Dual-Port
DMA RAM
7~ 0x8001 0x8000
Optionally Mapped Unimplemented
into
Program Memory <
Using PSV
\LOXFFFF OXFFFE
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Ui PSV - Program Space Visibility
From Data Space

Ability to map 16KW (32KB) program memory segments into Data Memory

15
0 23 15 0 0x000000
SFR Space M— 0x001000
PAGE 1
Data Memory 0x008000
0x5678 0x009000
0x8000 PAGE 2
0x9000 0x010000
O0XABCD 0x011000
32 KB
Program Space PAGE 3
Visibility (PSV)
OxFEFE 0x018000

Data Memory Program Memory
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LorIV] MCU ALU & Datapath
- Overview -
e 16-bit Family ALU iIs 16-bits Wide
— Operates on both 8 & 16-bit operands

e Operations: 2’s complement Add,
Subtract, Single/Multi-bit shifts,
Logical

e Operations can affect status flags:

— Carry/Borrow (C), Zero (Z), Negative (N),
Overflow (OV), Half-Carry/Borrow (DC)
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LIoF V] Datapath Example
(c = a + bj;)

CPU Registers Data Memory
(Variables)
wO | a (copy) a
wl addr(b) b
w2 addr(c) C P
w3 temp
i
wb
wlb
ALU
ALU can operate
directly or indirectly
on variables stored in

Data Memory

a
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N Datapath Example #2

= a + b;
CPU Registers Data Memory
(Variables)
wO | a (copy) a
wl | b (copy) b
w2 |c (copy) e— C
w3 temp
i
w5H
wl5

ALU ALU can operate directly

on variables stored in
CPU Reqisters

add w0, wl, w2
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SSSSSSSSSSS

Multiply

Support

e Single-cycle, 17x17 multiplier
supporting the following modes:

16-bit Signhed x 16-bit
16-bit Unsigned x 16-
16-bit Unsigned x 16-
16-bit Signed x 5-bit (

Signed
nit Unsigned
DIt Signed

iteral) Unsigned

16-bit Unsigned x 5-bit (literal) Unsigned

8-bit Unsigned x 8-bit

Unsigned
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==¥ Multiplier Block Diagram

e All operands zero/sign-

Result

extended to 17 bits

e Unsigned 16-bit
multiplies produce a i 7o
32-bit, unsigned integer —r

e Signed 16-bit multiplies M M )
produce a 32-bit, 2's
complement signed n Lpl Moot
Integer n

e Mixed mode 16-bit H W
multiplies produce a e ——
32-bit, 2's complement wamy K

signhed integer
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EEEEEEEEE Divide Support

e 16-bit family features a 32/16 and
16/16 signed/unsigned integer
divider

e Implemented as an interruptible,
single instruction iterative loop, I.e.

repeat #17 ;must be executed within repeat loop

div.sd ;signed division (16716)

e Total execution time (incl. repeat)
— 19*Tcy
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Register Set

wo | |
wi | |
w2
w3
w4
W5
We —l§ 16 General
W7 PUI’pOSG
WS > Data Registers
W9 or
W10 | | Address Pointers
\Waki
w12 I—I
w13
MCU & DSC W14 | Frame Pointer |
DSC ONLY wis | Stack Pointer IJ
| SPLIM | Stack Pointer Limit
7 0 Status
IPL2 | IPLL I iPLo| RrA | N oV z I c |Register
Low
MCU Status
Status 15 8
Reglij_ter: OA | OB | SA SB IOAB | SAB | DA I DC-l
19

DSP Status
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Register Set (contd.)

15 0
Core/DSP
I CORCON I Control Register
7 O S V. .b.l.
Prg. Space Visibility
I POVPAG -l Page Address
7 0
| tBLPAG | DataTable Page
Address
39 31 15 0
acca|  AcCcAU I ACCAH I ACCAL || twoDsp
Accumulators
AccB|  AcCBU I ACCBH I ACCBL |
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Register Set (contd.)

Repeat Loop
Counter

Program
Counter

Do Loop
Counter

Do Loop Start
Address

15
RCOUNT
22
Program Counter
Do Loop Registers:
15
DCOUNT
22
DOSTART
22
DOEND

Do Loop End

Address
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oo Instruction Pipeline

e Allows overlap of execution and
fetch

e Makes single cycle execution
e Program branches (e.g. goto, rcall)

take two cycles

TCYO TCYl TCYZ TCY3 TCY4
1.mov WO, PORTB |[FEChEEXecd
2. rcall SUB_1 "Feich 2 Update PC.
(Forced nop) FEChZH Forcad NoF.

3.SUB 1:
4. bset PORTA, #RA3
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Clocking Scheme

e Instruction cycle = 2 Input Clocks

o PIC24F
— A 32Mhz clk = 16MIPS or Tcy = 62.5 nS

e PIC24H/dsPIC33
— A 80Mhz clk =40 MIPS or Tcy = 25 nS

e dsPIC30F — Instruction cycle = 4 Input Clocks
— A 120Mhz clk = 30MIPS or Tcy = 33 nS

OSCl __ /S / /S S\

Ql _ /" —\ /S \ /S \

Q2 ./ /N /\ /N
Q3 / 0\ /N / O\ /T
Q4 /o /\ /\

Fev /N~ 4 7/ 7/

1 Instruction cycle (Tcy)
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MPLAB® C30
C-Language
Extensions
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MMMMMMMMM MPLAB® C30 Compiler

e C Compiler for PIC24 and dsPIC®
DSC

e Targets ANSI: 1989 standard

e Built off GCC Compiler
— Standard C functions
e Run time libraries

® One-time cost of $895US

— Student Version is free with Optimizations
disabled after 60 days

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 24
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i C30: Compilation Process

Compiler|— P

Assembler Linker
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vesivi C30 C Language Extensions
- Agenda -

e Program Memory Variables
e SFR Access

e Mixing C and Assembly

C

o

Built-in Functions

Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 26
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VEY Variables in Program
Memory

® const - data type qualifier indicates that

a variable i1s located in program memory
space, and Is to be accessed as an “Auto
PSV” type (i.e. compiler-managed PSV)

— ex.const char data[256];

e Can optionally place and access

constants in data memory using the
constants-1n-memory memory model

® const datais limited to <32kB
— See PSV slides for more options (>32kB)

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 27
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e Program Memory Variables
e SFR Access

e Mixing C and Assembly

e Built-in Functions

C

Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support
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SFR Access

e Special Function Registers can be
accessed directly in C code:

— Word access: PORTA = OxFFEC:

— SFRNAMEbi1ts.BITNAME can be used to
access bits and bit fields
e e.gd. PORTAbits.RA1 = 1; or
IPCObits. INTOIP = O;
— _SFRNAME and _ BITNAME can also be
used to reference an SFR or bit
e e.g. PORTAor RA1l

e Must use standard header and linker

© 2007 Microchip Technology Incorporated. All Rights Reserved 11010 SBC Slide 29
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e Program Memory Variables
® SFR Access

e Mixing C and Assembly

e Built-in Functions

e Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support
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Mixing C and Assembly

e Assembly files (.s ) can be used In
C30 projects and called from C

— Detalls available in C30 User’'s Guide

e Inline assembly can be inserted Into
C source code

— Simple method:

asm(“reset”) asm(““‘clrwdt’)

— Complex method:a=b +c
asm volatile(“add %1, %2, %0” : “=r”(a)
: “r7(), “r(e))
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e Program Memory Variables
e SFR Access

e Mixing C and Assembly

e Built-in Functions

o

Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support
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Built-in Functions

e Enable use of special hardware features
—  Multiply

__burltin_mulss(const signed Int p0, const signed int pl)

— Divide

__burltin_divsd(const long num, const int den)

— Table pointers

__burltin_tblpage(const void *p)
__burltin_tbloffset(const void *p)
__burltin_tblwtl(unsigned int offset, unsigned int data)
__builtin_tblrdl(unsigned int offset)

— PSV —retrieve and access PSV information
__burltin_psvpage(const void *p)
__builtin_psvoffset(const void *p)
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Built-in Functions

e More efficient code — Faster & Smaller
— Bittoggle

__burltin_btg(unsigned iIint *, unsigned Int Oxn)

— Locked register writes

__bunltin_write NVM(void); //sets WR bit
__burltin_write OSCCONL(unsigned char value)
__burltin_write OSCCONH(unsigned char value)

— All DSP Operations
__burltin_mac(.)

e Other “built-ins”
— Nop(Q), Sleep() & Idle(), Clrwdt(
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e Program Memory Variables
e SFR Access

e Mixing C and Assembly

e Built-in Functions

C

Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support
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55555555555 Attributes of Variables

e The keyword attribute

allows you to specify special
attributes of variables or
structures including

— Placement of objects In certain
locations In memory

— Alignment of objects to memory
boundaries

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC
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=¥ Data Attributes: Examples

e Place data at a specific address
int MyvVar __ attribute ((address(0x860)))
int _ attribute ((address(0x862))) MyVar?2

— Be careful about overlap and auto variables

e Place into near memory (below 8kB)
char __ attribute ((near)) MyVar3, MyVar4
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=¥ Data Attributes: Examples

e Place in a specific section or space
int foo  attribute ((section(“ThePlace’)))
iInt bar  attribute  ((space(psv)))

— New section will be created, if needed
— Spaces: data, prog, psv, eedata

e Align begin or end to a multi-byte
boundary

char _ attribute ((aligned(32))) MyArray[18]

int _ attribute_ ((reverse(64))) EndArray[25]
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=========== Attributes of Functions

e The keyword attribute allows

you to declare certain things about
your function which help the

compiler optimize function calls and
check your code

e Examples include

— Absolute function placement in memory
— Specification of ISR functions

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 39
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°°°°°°°°°°° Function Attributes: Examples

e Placement of a function at a
particular address

void foo() _ attribute__ (address(0x100))) {

e Declaration of interrupt service
routines...

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 40
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e Program Memory Variables
e SFR Access

e Mixing C and Assembly

e Built-in Functions

e Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support
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EEEEEEEEEEE Interrupt Support

e Declaring interrupts with the
compiler has two components:

— Declaring a function as an interrupt
service routine (ISR)

— Specifying additional attributes

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 42



Interrupt Support

e Declare an interrupt function

void _ attribute ((interrupt)) ADCInterrupt(void)

e Make function use shadow regqisters

void
__attribute  ((interrupt,shadow)) ADCInterrupt(void)

— Saves W0-W3 and SR bits with push.s and pop.s

e Optionally, save other variables on context save

void
__attribute  ((interrupt(save(varl,var2)))) ADCInterrupt(void)
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e Program Memory Variables
e SFR Access

e Mixing C and Assembly

e Built-in Functions

C

Specifying Attributes of Variables &
Functions

e Interrupt Support
e Configuration Settings Support
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SSSSSSSSSSS Configuration Settings

e Device configuration can be set In
MPLAB® IDE using “Configuration
bits” window

e A better way iIs to use _config
directives in C code

~ _CONFIG1(<VALUE1> & <VALUE2>) ;
“CONFIG2(<VALUE>);

e.g. CONFIGL1(GCP_OFF & GWRP OFF & FWDT ON & ICS PGx2)

— MCU header files contain valid config
definitions and mnemonics
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~Lab1:
My First C30 Project
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Hands-on Exercises

e Alllabs arein the following directory:
C:\Masters\11010\Student\LabX
— where X is the number of the lab

e Solution workspaces are supplied in the following
directory:
C:\Masters\11010\Student\LabX\Solution
— where X is the number of the lab

e Directions for the labs are in the class handout which is
also in the following directory:

C:\Masters\11010\Student\Presentation &
Handouts\11010 SBC Handout.pdf
e Supplementary materials are in the following directory:

C:\Masters\11010\Student\User’s Guides and Data
Sheets
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LIcEIVI Development Tools
- Explorer 16 Board-

POT
ICD2 connector

RS232 connector

e Make sure to set
the following:

- S2->PIM

— J7>PIC24

— JP2->Shorted
— PIM=>PIC24F

LEDs
Switches
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Y Development Tools
- MPLAB® REAL ICE™ Emulator -

e Next-generation ICE
platform

o 8acy (ICD2 RJ11)
eed
connchV|y

Full speed emulation

Hicc);h speed 480 Mb/S
2. workstation
connection

e High speed target
%ug%rotoco?

® Su ports real-time
watch, hardware
stopwatch, and trace
capture

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 49



Universimy oF MICROCHIP

U=vi  Connecting the MPLAB®
REAL ICE™ Debugger

MPLAB REAL
ICE (w.
“Standard”
Probe)

MPLAB;
MICROCHIP

REAL ICE

3 T RN
e

9VDC Power Supply Explorer 16
Demo Board

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Ui Lab 1: Working with C30 and
MPLAB® IDE

e Goals:

— Learn the basics of C30 by working with
a template project

e To Do:
— Follow along with the presenter

e Expected Result:

— Successfully build the project and
program the device

— LED D3 should blink
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Lab 1: C30 Project

w Labl - MPLAB IDE ¥7.61 51

File Edit ‘iew Project Debugger  Programmer  Tools  Configure  Window  Help

”Dﬁn|%‘a|@ﬂm@JIR&IE&SB’I&?F‘W”'Qm}ﬂ J Oxt8cc
C ;Iglil Il MPLAB IDE Editor ;lglil

temp_128GA010.c |

=] 7] Lab1l.mcp

Source | 23 Source Fes i e =

"\» i temp_128GA010.C = * Thi=s file i= a basic template for creating C code for a PICE4F &
Fi I e ; D Head F; = * device. Copy this file into your project directory and modify or &
eader Fies i3 * add to it as needed. *
(13 object Files 5 * Add the suitahle linker script (e.g., p24FJ128GA010.gld) to the *
& Library Files & * project. *
=] 23 Linker Scripts 7 * *
I * i i +*

; 5-----Ep24FJ12BGF\DID.g (=3 If interrupts are not used, all code presented for that interrupt
L ) E * can be removed or commented out with C-style comment declarations. *
1 E|D COther Files " .

. / A ] 10 Select Language Toolsuite 1[

L I n ker E Lab1 Jumper Confi 11 *
2 Active Toolsuite: IMichchip C30 Toolsuite j *

i~ T oolsuite Contents

1t . -
= *
‘i’g/’ MPLAER C30 C Compiler [pic30-goc. exe) .

MPLAE LINK30 Object Linker [pic30-d.exe)
C30 18 1 IR & rediseer fric .20 avsl ﬂ -
A 19 -
A m b I r Z0 r~ Location *
S S e e ;; IC:'\Program Filez\MicrochiphMPLAE C30%binpic30-as.axe Browse. .. | :

CO m p I | er 22 Help | ’T‘ Cancel | :

And J JE _ :
. =7 | + Filename: temp 1ZEGA010_c . .
Linker 1 Fles = penp_iz6c _ A

Build | Yersion Control - Find in Files |

[ [ [Prcz4F11Z8GA010 [ |oabsab PO [demovze | [ |Ln 18, Cal 31 N5 [wR
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Lab 1: Template File

PIInclude the appropriate header [ h) file, depending on dewvice used

(for PICE4AFTIZEGAO010): #Hinclude =pZ4FJlESGLO010 k=

FiExanple
fiinclude =pZ4FI1Z2GA010 hx

FiConfigaration Bit Macros to define dewvice config registers.
FiDevice header file contains usage details

_CONFIGL(JTAGEN OFF &« GCP_OFF &« GWRP_OFF & BEEUG OFF =&
ICs PGxl & FWDTEN OFF s WINDIZ OFF!

_CONFIGZ (IES0 _OFF & FCESM CSDCHMD & OSCIOFNC ON &
POSCHOD NONE!

FNOSC_FRC 4

F4 Define constants here

fdefine CONSTANTL 10
fdefine CONSTANTE Z0

Include statements,
Configuration macros,
and Define statements

Global variable
declarations with and
without attributes

f************* START |:|F GLDBAL DEFIHITIDHS TEEEFEEEE T T L LT T T T ALY
fiDbefine arrays: arrayll[], arrayZ[], etc.

F/MU=e the entire attribute 0R with macro from header file
int _ attribute_ ((_ space (data), _ aligmed (2211

ram array [CONZTANTL] ;

int E23(5Z) ram arrayZ [CONSTANTL] -
SrAirray without attributes
int ram array3 [CONSTANTZ] - fiarrayd is HOT an aligned buffer

FAProgram memory array

int _ attribute_  ((_ space_ (prog)l!

= rom arrayl[] = {0xl, 0OxzZ, Ox3, Ox4, Ox5};
SAProgram memory array usihg const

Eloconst int rowm arrayZ[] = {0z, 0x7, 0Ox&, 0x5  0xd};

Fibefine global wariables with attributes
int warl _ attribute_ ((_ space_ (data))):;

finear pointer Lo pProgram MeEmory
int *rom ptr _ attribute  {(near)):

Ffibefine global wariables without attributes
int wvarz:

int *ram ptr;

f************** EI.ID DF GLDBAL DEFIHITIDNS TEEEEFEE L LI T T E T T A AT ALY

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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LiorIV] Lab 1: Template File

Continued

J,l'************* START |:|F mIH FUI.IETIDH ol o o ol ol e e

Clint main | woid |

{

FiBegin application code here

whileil);

}
J,l'************* EI.]D |:|F I.L.ELIH FUI.ICTIDH TEEE AT A

e Templates for
main function and
interrupt service
routines

e Note the use of
the various ISR
attributes

J,I'****** START DF IHTERRUPT SERVIEE RDUTIHES ***************************J{'
-I,I'*

* The names of warious interrupt functions for

* sach device are defined in the linker script.

*f

fiInterrupt Serwice Routbine 1
FiNo fast context sawve, and no variables stacked
Hwoid _ attribute_ i (_ interrupt auto_psv)) _ADClInterrupt (woid)

{

FF Interrupt Serwvice Boutine code goes here

}

fiInterrupt Serwice Routbine 2

F#Fast context save (using push.s=s and pop.=s)

roid _ attribute ((_ interrupt . _ shadow  _ auto_psv) )
B_TlInterrupt (woid)

{

SrIntcerrupt Serwvice Routine code goes here

b

SiInterrupt Serwice Routine 3: INTOInterrupt

fi%awve and restore wariahles warl, warzZ, etoc.

void _ attribute ([ interrupt [ sawe_  (warl wvard)) . auto_pswv))
EB_INTOInterrupt (woid)

{

fiInterrupt Serwice Routbine code goes here

b

Jlf********* EI‘ID DF INTERRUPT SER‘IH"IEE RDUTIHES **************************J‘l’

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Lab 1: Code

Bl MPLAB IDE Editor =101 x|

Labl_szolution.c

136 f************* STAPT OF HMAIHN FUHCTIOH ***********T
137 b
Add thls 138 int main { woid )
139 {
codeto 10 -
141 TRISAhits. TRISAOD = 0; ffsetup for LED output
malin g
function 143 while (1) {
.;L44_<
145 __builtin btg((unsigned int*)&LATA, 0x0) ;
146
147 delay(); /f/wait for some time
Create 148

delay e
function 151

152

153 T void delay(void)| J
154 {

155 un=signed int 1i;

156

. 5 Ffdela or a ile
NOW(ES_)(ST)\p”e' 15;< For(i = 0 4 < OFFEE; i+
159

160

161 N

162 f************* EHD OF MAIN FUHCTIOH ************_*I;I
|4| I 4

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 55



Uraversimy oF MICROCHIP

UoriVi

=== Lab 1: Program I\/Iemory View

I Line I LAddress I Cpoode Label Disassewb ly I
[ 1 oooo0o 040z00 thD _reset
Reset and Interrupt : ooooz  oooooo
Vecto rS 3 oooo4 ooo31z _DefaultInterrupt
3 ooooa ooos1z _DefaultInterrupt
257 aozon 20380F _reset mowv.w HFO0xXSS0, wls
258 oozoz 2z7Fa0 mov.w HO0x27E£8, wl
253 00zZ04 880100 mov.w wl,0x0020
.. . . 260 00zos (]uululu]u] nop
In |t|a||zat| on COde z61 00208 070005 reall  psv_init
. 262 00zZ0h o7000c recall data init
|nserted fl'0m CI’tO .S 263 aozoc 0z0zs0 call main
264 00Z0E oooooo nop
265 o0z 10 DA4000 ReservedER
266 ooz iz FEOOOO reset
- 3z1 oozs0 FLOOOO main lnk #i
mal n() and 32z oozsz A90zCo bolr.bh Ox02cO, #0
delay() funCtIOﬂS 323 00z54 z0zc40 mov.w HOxZcod, wl
3z4 (fup=1 AzOoo10 btog [wl], #0
azsg o0zes 070001 reall delay
3zg 00254 37FFFC bra 0x000284
327 o0zac FAODOZ delay lnk #0OxZ
azs O0Z8E EEOOOO clr.w wo
3z9 oozeo 780F00 mov.w wl, [wld]
330 oozoz 370001 bra 0x0002Z96
331 00zo94 ESOF1E inc.w [wld], [wl4]
33z 00zos EES000 setm.w wl
333 o0zos 100F2E subr.w wi, [wi4], [wl5]
334 00294 3AFFFC bra nz, 0x000294
335 00z9c FAS000 ulnk
336 00Z9E 0&0000 return
|nterru pt Serv|ce 337  002k0 FAOO00  ADClInterrupt 1nk #i
Routl neS 338 o0z a2 Fiazsoon ulnk
339 00z a4 064000 rectfie
340 o0z Aa FELALOQOD _TlInterrupt push.=
341 00z AS FAOOOO Ink #i
342 002 ALk Fas00oo0 ulnk
343 00z AC FESOOO pop.=
344 002 AE 0&4000 rectfie
345 ooz EO TE1FS0 _INTOInterrupt mowv . w W, [wl15++]
345 O0ZEZ2 208280 mov.w HOxS23,wl
© 2007 Microchip Technology Incorporated. All Rights Reserved. oo TiU10'SBL mosmme Tttt ot "7 See 56T T T
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LoVl Lab 1: Program Memory &
Disassembly Listing

Program Memory
Variables

Disassembly
Listing

The assembly

code that the
compiler generates

371 ODZE4 oooooo nop
372 OOZES [alulululnln} nop
373 ODZES ooooo1 nop
374 OOZEA oooooz nop
375 O0ZEC ooooos nop
376 OOZEE 000004 nop
377 OoZFo ooooos nop
378 00zFz FEQOOO _DefaulcInterrupt reset
379 OD2ZF4 FFFFFF nope
380 QozFe EFFFFF none
vde Hex | Machine || Symbolic  PSV Mised | PSV Data

13E:
13&:
137:
1za:
aoze0n
133:
140:
QozsE
141:
14Z:
143:
144:
o0zed
O0zZEa
145:
lde:
oozeg
147:
142:
O0zeh
1453:
150:

Faoooo

ASQZCO

Z0ZC40

ArO0O10

ovoo0Ll

37FFFC

J,I'************* START |:|F I.IAIH FU‘I.IETIDH 1.'********************************;

int main | woid |

{
Ink #0x0

TBRISAbits_ TRIBAZO0 = 0O; f/setup for LED output
belr. b Ox0zc0, #0

while (1} {

_ builtin btg (SLATA 0x0): Sftoggle the LED pin
mov._w f0xzcd Ox0000
btg [0x0000] , #0

delay(); fS/wait for some time
rocall O0x000Z2c

}
bra 0x000224

b

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Lab 1: Map File

External Zvnbols in Data Memory (by address):
Ox0300 _ram arrayi
Data 0x0828 varl
Memory Ox0S8zZa _rom ptr
1 Ox082c vard
[ ] [ | n =
Varlable Ox0&Ze _ram ptr
Locations oxosas _ram_array
Ox0560 _ram array:
Progream Memory Usage External Sywbols in Data Memory (by name) :
section address length (PC units) length (bytes) (dec) Ox0540 v Y
.reset 0 x4 oxe (&) Dx0E6D _ram_arraya
Livt Ox4 Oxfec Dx17a  (378] Ox0300 _I=m arraysd
Laivt Ox104 Oxfe Ox17a  (378) Ox05ze _ram ptr
.text Oxz00 Oxeca Ox1z2f (303) Ox08Za _rom ptr
. CoOnst Ox2ea Oxa Oxt 115) Ox08z28 _varl
.dinit Owxzd4d 0x14 Oxie 130y O0x082c rar?
.prog OxzZed Oxa Oxf (15) -
.isr Oxzf2 Oxz Ox3 13) . .
 CONFIGE e m—— e Ox3  (3) External Svrnbols in Programm Memory (by address)
CONFIGL Ox157fe Oxz Ox3 13) LT b
— ® reset
Total progrsm memory used (bytes) : Oxd6e wyil1l134) <1% Prog Mem Ox000z80 _main
Ox00028e delay
MemOry usage data\ Variable & 9=ooozao __ADCiInterrupt
Data Mewmory Usage F t Ox000Z2 a6 __ TilInterrupt
) ) u n C . IO n Ox0002k0 _INTDInterrupt
section address alignment gaps total length (dec) L O C atl O n S 0x0002ca _rDm_arrayZ
nhas OxE00 o Ox30 (48] Ox0002es _rom array
019930404 685865h DxE40 0 Oxz0  (32) OxDboozfz __DefaultInterrupt
_01993d904685565h OxS860 o Oxz0 [32)
External Syvrbols in Progrston Memwory (by hsatoe) @
Total data memory used (bytes): Ox70 1112 1%
Ox0002a0 __ADC1Interrupt
) Ox0002£2 __DefaultInterrupt
Dynamic Hemory Usage 0x0002b0 _ INTOInterrupt
region address maximmun length [dec) EXEEEEES _TlInE?;;upt
® rese
heap a o (o) 0x00025c _delay
stack OxEE0 Ox1£50  (B064) Ox000z80 _main
0x0002ed row array
Maximun dynamic memory (bytes): Ox1f80 (8064 - Ox000zZca _rDm_arra?Z
=00 T VITCTOCTI T ECTITOTOg Y MCOTpOT e, AT RIgTS RESETVET: TTOTOSEC rer -
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Lab 1: Watch Window

— Compare addresses to expected
values. Do they make sense?

Data memory on 32-

[

BEinarvy I Char I

Lo I T, QY - P o S

Qooooooo oooooool
Qoooooo0 00000010
Qoo00ooo0 00000011
Qoooooo0 00000100
Qoooooo0 00000101
Qooooooo oooooooo
Qooooooo oooooooo

byte boundary (lower warch 1
bits of address 0) \MIIMH5 =] _Addsymbol] [_sP
Address |S'_:m|]::|c|l I‘-Ia.mel Hex |De:::imal|
0540 ram array
%DDZEB = rom array
............ [|:|] W
Program Memory —— f () o
- . O0ZEC e [2] Ox0003
|0nge|‘ address PoozEe [3] 0x0004
Poozro e [4] 0x0005
|, Deza rom ptr  0x0000
Data memory — | 7
variables

[watch 1 watch2| watch 3| watch 4]
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Lab 1: MPLAB® SIM

|Dehugger Prograrmer  Tools

Il MPLAB IDE Editor

=10l x|

termp_128GA010.c
Seleck Toal 2
Clear Memaory » i:: j
RUn Fa 125 Freserrrsrsess START (F MATN FUHOTION #+*%% s ssssssredsssaretssssaetsss
Animate 136
Halk F5 127 CHint main | wodd )
Step Inka F7 i:: {
Step Crver Fa 140 TRISkbits. TRISAD = 0; //zetup for LED cutput
Shep ot 141
Reset r 147 B while (1)
143
Breakpaints... Fe 14¢ Gy _ builtin btg(sLATA,0x0); //toggle the LED pin I
145
Stoptatch - 146 delayi); ffwait for some time m ;IEIEI
Complex Breakpoints i s
Skimulus 2 145 | )
Prafile ' 2| x| Stopwatch Tatal Simulated
(ear Code Eave, - _ . Swnch | Instruction I:_I,n:lesl J27E95 I 327921
Refresh PM Code Coverage I Anirmation ¢ Realtime pdates | Limitations I
Dzc A Trace Break Options | SCL Options | Uartl 10O Fern | Time  [mSecs) I 21 923750 I 21 920250
SEREMEE, . — Processzar Frequency f
I riiks:
i ' MHz Froceszor Frequency [ kHz ) I . 00000
IB.EI = KHz A
\ " Hz

© 2007 Microchip TeciNoIogy mcorporated. All RIgNts Reservea.

— Trace Options
[~ Trace &l
¥ | Break on Trace Butfer Full

7
Main loop
execution time

\
Butter Size [1K - AL
= K lines

|54
0 lines

N

o ]

Configure Oscillator Frequency

Cancel | Apply |
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Data Access From

Program Memory

Table Read/Write
Program Space Visibility (PSV)
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Jev Constant Data Access from
PM Using Table Instructions

e 24-bit Effective Address(EA) formation

— Configuration space Is accessed by setting
TBLPAG<7> (l.e. EA<23>)

e Only means of accessing configuration space

24-bit Instruction

TBLPAG Register

16-bit Source/Dest. Pointer

8-bits from
TBLPAG
Register

|

Byte Select

15-bits from Source/Dest. Pointer [

A ) Word Select
Effectlve 24- b|t PM Address From On Code
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Jee Constant Data Access from
PM Using Table Instructions

< Actual 24-bit Program Memory
23 0
Phantom Byte
00000000
) 8bits 16-bits ”
\_ A N
N N
TBLRDH/TBLWTH TBLRDL/TBLWTL
\ AL A J

\

TBLRDH.B/TBLWTH.B TBLRDL.B/TBLWTL.B TBLRDL.B/TBLWTL.B

Table Instruction View of Program Memory
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R Using Table Read/Write in C30

e Must use assembly for special
Instructions and exact timing

— Add assembly file to project, or,
— Use C30 Built-ins:

const unsigned int myVar = OxXFFFF;
unsigned int varAddr;

TBLPAG = _ burltin_tblpage(&myVvar);

varAddr = _ buirltin_tbloffset(&myVvar);

__burltin_tbliwtl(varAddr, OxAAAA); //load data to write:
//0xAAAA

NVMCON = 0x4003; //NVM word write opcode

__burltin_write NVMQ); //unlock & set WR bit
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4xM Constant Data Access from PM
Using Program Space Visibility

e 32 KB segment of PM may be mapped into the
data memory address space

— If PSV bit (CORCON<2>) is set and if SrcPointer (DM
EA)<15> is ‘1’ then data is accessed from PM

24-bit Instruction

16-bit Source Pointer

PSVPAG Register

Select PSV l

8-bits from
Byte Select

PSVPAG : _
Register 14-bits from Source Pointer

User
Space User Space onl
Only —> Only even words can be accessed

A% Effectlve 24 b|t PM Address

© 2007 Microchip Technology Incorporated. All Right ved. ~ 11010SBC Slide 65



> 32KB

User Space

15

0

CORCON<PSV>=1

PSVPAG = 0x20 } ProgEA = 0x101000
DataEA = 0x9000
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LIV Data Access from PM
Using PSV

Actual 24-bit Program Memory
23 0

00000O0O0O

8-bits H\ 16-bits j
WORD oo i
ss instruct

0x00 or OXFF access instruction

N N

Byte access instruction  Byte access instruction
with odd address with even address

e Only lower 16 bits of PM location can
be accessed via mapping
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S Using the PSV in C30

e Three usage options
— Manual PSV

e char data[256] _ attribute  ((space(psv)))

e Must manually point to the correct PSV when
accessing the variable

— Auto PSV
e const char data[256];

e Maximum of 32 KB of constant data allowed

e Linker does not allow PSV space to cross a PSVPAG
boundary
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Lor V] Using the PSV in C30

e Compiler Managed PSV
— Only in C30 v3.00 and later

— Allows use of more than
32 KB of constants — compller
automatically sets PSVPAG

— Must apply attribute
space(psv) to variable &
declare variable as managed
with _ psv__ qualifier

®@ psv__ char data[256%
—_attribute  ((space(psv)))
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°°°°°°°°°°° Advantages of PSV

e PSV allows very large tables of data to be
stored and accessed quickly & efficiently

e PSV provides a bridge to acommon
data/program address space (Von
Neumann) but only when needed

e Example:

— Large constant data for display
— Sine Table
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==  Data Access Overhead
Using PSV

e PSV data fetch overhead:

— Outside a REPEAT loop:

e Data move ops, overhead =1 cycle
e ALU based ops, overhead =2 cycles

— Within a REPEAT loop:

e Data pipelined, so overhead for all ops =0
cycles

e First & last iteration - data pipeline fill/flush
— Data move ops, overhead = 1 cycle
— ALU based ops, overhead = 2 cycles
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EEEEEEEEEEE Lab 2: Working with PSV

e Goals:
— To Initialize PSV

— To store a Hello World string in PSV
space

— To read and transmit this string to LCD

e To Do:
— Look into the Hand out provided

e Expected Result:

— The text displayed on LCD should match
the array defined
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Software Stack
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== goftware Stack in Data RAM

Ox27FE

VN
Pushed Data Stack
PCL Towards
PCL | Addreg

‘ Under Flow Error<=
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/" Indicates

Frame Pointer

Ox27FE

Local Variable? R Offset = 2
Local Variablel

Frame Pointer
PCH

of Space re
(always even no.)

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Traps
and
Interrupts
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Interrupt Architecture

Interrupt

TRAPS Controller

—

o021

g§s | }

n i 3
Interrupts

/

7 0

User Selectable
Priority

0 117

Natural
Priority

CPU

CPU {
Interrupt >
=
E '
O
> E
Address al

Vector 0

Address

© 2007 Microchip Technology Incorporated. All Rights Reserve
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Highest
Priority

Y

Lowest
Priorit_y

IVT [ AIVT

0x00 RESET Vector 0x100
0x02 Also used for RESET 0x102
0x04 Reserved 0x104
0x06 Osc. Fail Trap Vector 0x106
0x08 Adrs. Err. Trap Vector 0x108
OxO0A | |Stack Err. Trap Vector | |OX10A
0x0C Math Err. Trap Vector Ox10C
OxOE Reserved Ox10E
0x10 Reserved 0x110
Ox12 Reserved 0x112
Ox14 Interrupt O Vector Ox114
0x16 Interrupt 1 Vector 0x116
\ NN AR \
OXFC Interrupt 116 Vector Ox1FC
OXFE Interrupt 117 Vector OX1FE

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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AIVT Advantage

e IF “conditionl” iIs true goto “application”
e Else goto “debuqg”

Application_main Debug_main
Use IVT Use AIVT
_____ -
End
ISR1 - add. 0x004 | | PRY , add. 0x104
Process data Glow LED; Visual Indication
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e Interrupt Priority
— CPU has 16 priority levels

e Level Ois the default CPU level (main)
e Level 1-7for user interrupts
e Level 8-15reserved for traps (NMI)

— Interrupt with priority level greater than current
CPU level (IPL<3:0>) can interrupt the CPU

— Interrupts are nested by default, Nesting can
be disabled by setting NSTDIS bit in INTCON1

register
— IVT has natural priority to resolve conflicts
— User assigned priority overrides natural priority
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=== [nterrupt Nesting Example

RETURN
L7 HNSESEESESSESESESESSEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
L7 INT | 5Cycle Latency 7 Cycle Latency RETURN*
\ 4
L4 HEEEEEEEESEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
A
5 Cycle Latency 7 Cycle Latency SETURN
\ 4
L1 HEEEEEER IIIIIIIIIIIIII‘IIIIIIIIIII ANEEEEEEEN
A 4
................................ : 3 Cycle Latency
L4 INT L1 INT
. A 4
maln()LOIIIIIIIII AN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

|:| CPU EXECUTION TRACE .
Status Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

- IPL<3:0>

0
Core Control Register OO0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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Interrupt Latency
BONMONONON

pc J pc2 ) pc | PCi+2 A Vector# kISR X Isr+2 )
Instruction . Fetch
Executed INST(PC-4)iINST(PC-2)%  PC* i NOP i  °~' i NOP i ISR
FS 5
bit /

Prigrliatl; 4 X 4 X 4 X 4 X 4 X 6 X 6 X
\

— T 1.1

Interrupt or Save PC Push CPU status, and

Trap event ) i i
ocqul?s - his in temporary high 7 bits of PC onto
interval buffer stack
Push low 16-
bits of PC
*These instructions are executed as a NOP if the onto stack

previous instruction causes a Hard Trap
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e Soft Traps
— Priority levels 8 through 12
— Treated as an NMI with fixed priority
— ‘Normal’ exception process is taken

—  Example:
e Arithmetic error trap (priority level 11)
e Stack error trap (priority level 12)

e Hard Traps
Priority levels 13 through 15
— CPU execution flow is immediately suspended
— Execution cannot resume until trap is acknowledged

—  Example:
e Address error trap (level 13)
e Oscillator error trap (level 14)
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Uor Vi
Error Traps

e What happens when a trap occurs?

Branches to address O by default

Better to branch to a reset instruction
— Linker adds a reset instruction and vector

e Bestto add your'pwn
error trap handler

I Program Memory

Address
ooooo
ooooz
oooo04

Dizassembly

oto reset
P

efaultInterrupt

T — 00008 OkeillatorFail
oaoos Liflre=s=sErraor

iddress | Opcode o000k St
O051E 000000 nx 0000C  MathError
00520 000000 n QO00E DefaqltInterrupt
o0522 FEOOOOQ  Defsultlnterrupt reset 00010 _Defaultlnterrupt
O05z4  FFFFFF nopr 00012  DefaultInterrupt
Qo522 e FFFFFF nopr -

0ool4  DefaultInterrupt .

Opcode Hex | b achire || Symbolic PS5V Mized | PSY Data | Opcode Hex | Machine || Eymboic || PSY Mixed | B
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Configuring Interrupts

I1ECO: Interrupt Enable Control Register 0 : Enable Interrupt

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTOIE

IPCO: Interrupt Priority Control Register 0 : Assign Priority

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTOIP

000:
001:
010:
011:
100:
101:
110:
111:

-

Disabled

Priority 1 Interrupt
Priority 2 Interrupt
Priority 3 Interrupt
Priority 4 Interrupt
Priority 5 Interrupt
Priority 6 Interrupt
Priority 7 Interrupt

IFSO: Interrupt Flag Control Register O : Clear Interrupt in the ISR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTOIF

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC
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JeeM  Interrupt Service Routines
In C

@ Compiler saves / restores the ISR context
— Hardware saves return address and SR

e Fast ISR saves WO-W3in one cycle
— Uses push.s and pop.s (only 1 level deep)

e Globals used by the ISR must be volatile
— volatile unsigned global flag;

® ISR must clear the Interrupt Flag
—~ IFSObits.T1IF = O;

Making function calls not recommended

Linker will populate the Vector Table
— Must use designated interrupt names

— The designated interrupt names can be found in the .gld file of that
dewce which can he found at
\microchip\mplab c30\support\gld
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Function Attributes

e Declare an interrupt function
void _ attribute ((interrupt)) ADCInterrupt(void)
void ISR _IClInterrupt(void)

e Make function use shadow registers

void __attribute__(&interrupt,shadgw )
_ADCInterrupt(void

void ISRFAST _ICliInterrupt(void)
int _ attribute ((shadow)) FastFunc(int Abc)

— Saves WO0-W3 and SR bits with push.s and
POp.-S
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°°°°°°°°°°° Lab 3: Working with Interrupts

e Goal:
— Understand Interrupt configuration
— Understand Interrupt priority

— Writing Interrupt handler for a given
Interrupt vector

e To Do:
— Look into the handout provided

e Expected Result:
— Look into the handout provided
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16-Bit Peripherals
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LIorlV] PIC24F Famil

16 — 128 KB 4 -8 KB
Flash Memory Data Memory

T T

viemor

D US

16 MIPS 16-bit Core

16 X 16b W

Loh AR Register. Array

17b'x.17b Address
Multiply Generator Unit

JTAG: Multi-bit
Interface Shifter

|0J1U0D
1dnJiaiu|

INTRC w/PLL

WDT & Pwr Mgmt.

500 Ksps 10b ADC

(2) Comparators |- LR

(5) 16b/32b Timers =1

Input Capture |—

Output Compare/PWM |—

(2) UART W/LIN & IrDA® |—

(2) SPI

.
L

109|9S uld [eJaydiiad

28 - 100-pin Packages
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LoF IV} PIC24H Family

INTRC w/PLL
| (3-9) 16b/32b TimersYY
WDT & Pwr Mgmt.

12 — 256 KB 1-16 KB
Flash Memory Data Memory

T =

Memor% Bus '

500 Ksps 12b ADC

—i |
: O= |+ |o
40 MIPS 16-bit Core S22 | (1-2) UART W/LIN & IrDA®
. . S c |

16b ALU 16_X 16b W e o E @ | (1-2) I2C™
Register. Array Q

- (1-2) SPI
c
0p)

17b'x:17b Address

Multiply Generator Unit Input Capture

Output Compare/PWM

N e e
ﬂ,-i.r ‘#'%.J""- 'I-'l"‘ *1 o "Ii‘l11lf" .k.-:'hr ]

JTAG: Multi-bit
Interface Shifter

cFoi u--.._....-f.uta R '5&}1; P u--.-.'.-_....-"'

18 - 100-pin Packages
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LIoF V] dsPIC30F Family

§ INTRC w/PLL
: ' (2-5) 16b/32b Timers
12 - 144 KB 0.5-8KB 1-4KB |
Flash Memory  Data Memory EEPROM WDT & Pwr Mgmt.
T T T 1 Msps 10b ADC

-or- 200 Ksps 12b ADC

emor% us

p— |(1-2) UART W/LIN & IrDA®
30 MIPS 16-bit Core S (;f : _| (1.2) 2CT™
: ' = c |
16b ALU 19 X TR 23 | (1-2) SPI

Register. Array e T
nput Capture

17b'x.17b Dual AGU
Multiply X&Y

JTAG: Barrel
Interface Shifter

DSP Enai Dual 400 | B —— ;3};:;";"":?:' ——————
N9INE Accumulators MG i

Lo VO ‘:3:__&-..—: [
e AT

L

18 - 80-pin Packages
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LioF V] dsPIC33F Family

12 — 256 KB 1-30KB
Flash Memory Data Memory

= =

emor

us

40 MIPS 16-bit Core

16 x 16b W
Register. Array

|0J1U0D
1dnJiaqu|

16b ALU

17b'x.17b Dual AGU
Multiply X&Y

JTAG: Barrel
Interface Shifter

Dual 40b

DSP Engine  Accumulators

INTRC w/PLL

| (3-9) 16b/32b Timers

| WDT & Pwr Mgmt.

(1-2) 1.1Msps 1Qb ADC
cenflgurable

(1-2) 500Ksps 12b ADC

| (1-2) UART W/LIN & IrDA®

— (1-2) 2C™

(1-2) SPI™

| Input Capture

18 - 100-pin Packages
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/O Ports
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7

MASTERs 200

PORTA
Function

15 nam
1
%
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eeeeeeeeeee Digital 1/O Ports

Internal Data Bus

Write PORTX

Write LATX Read LATx

Read PORTX

LATx Register
(PORTx Output ‘ ‘
Latches)

PORTXx I/O Pins é é é é é é
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=== Why do we have LAT Reg?

At Low Frequency or Low Capacitive Loading
A BSET PORTA,PIN(I: BSET PORTA,PIN1

Q4 Ql Q2 Q3
Voltage 5

: A
VIL IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII E IIIIIIIIIII

V on PORTA,PINO
Port A Read in RMW Operation

At High Frequency or High Capacitive Loading

BSET PORTA,PING BSET PORTA,PIN1
A

Q4:Q1Q2Q3Q4
Voltage :
VA T
V on PORTA,PINO

Port A Read in RMW Operation
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EEEEEEEEEEE Why do we have LAT Reg?

e Use RMW instruction on the
LATch rather than PORTX:

— BSET LATA,#0
— BSET LATA,#1
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Lloe IV /0 PORT
Open Draln Control

oo
lI
1

X

ODCXx

PORTX

0
% Function

1]
.................. $11

PINs

11111111
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°°°°°°°°°°° Interfacing to 5V Devices

e S5V tolerant input and Open drain

configuration simplifies 5V interface
+3.3V +oV

|

5V tolerant CMOS
: -
input output
PIC24F Jxxxx Peripheral
0O Cel\:arsain > CMOS Inputs
P o Vih(min) = 3.5V
output
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°°°°°°°°°°° Interfacing to 5V Devices

e Interfacing to low impedence 5V
load with open drain feature

sV SV

PIC24FJxxxx J

Logic low Logic high Load Off

PIC24FJxxxx 1

E | 3
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ADC

Analog to Digital Converter

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 102



UUUUUUUUUUUUUUUUUU

UoriVi

10-bit ADC Features

Successive Approximation (SAR) conversion
Conversion speeds of up to 500ksps

Up to 16 analog input pins

External Voltage reference pins

Automatic Channel Scan mode

Selectable conversion trigger source
16-word conversion result buffer

Selectable Buffer Fill modes

Four result alignment options

Operation during CPU Sleep and Idle modes
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Lcrivi PIC24F A/D

AVDD

AVSss VR+

VREF+ VR-

VREF-

ANO

AN1

AN15
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=== 10-bit ADC - Block Diagram

AD1CON2<VCFG2:VCFGO0>

AVDD [X}—

avss DXF— VR+
VREF+ N— VR-
VREF-
AD1CON2 Register
bitl5 bit8
| VCFG2 | VCFG1 | VCFGO [ — | — [ esNA | - | - |
bit7 bit0

BUFS i | SMPI3 | SMPI2 SMPI1 SMPI 0 BUFM ALTS
ology Incorporated. All Rights Reserved.
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=== 10-bit ADC - Block Diagram

ANO
AD1CHS<CHOSA3:CHOSAOD>
AN1
VINH
VINL
AN15X— AD1CHS<CHONA>
bitl5 bit8
AD1CON2 Register VCFG2 | VCFG1 | VCFGO | - | - | CSNA | - | -
bit7 bit0
| BUFS | - | smPI3 | sMPi2 | sMPI1 | sMPio | BUFRM | ALTS |
_ bitl5 bit0
AD1CSSL Register [ cssL15 | cssLi4 | cssLaz | .o........... | cssL2 | cssLl | cssLo |
_ bit15 bit8
AD1CHS Register | CHONB | - | - [ - | cHoSB3 | cCHosSB2 | CHOSB1 | CHOSBO |
bit7 bit0
| CHONA | —- | — [ --- | cHosA3 | CHOSA2 | CHOSA1 | CHOSAO |

bit15

bit0
AD1PCFG Register [ pCFG15 | PCEFG14 | PCFG13

............ PCEG2 PCEG1 PCEGO
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Channel Scanning

ADCBUF Buffer

X—-o ANO ADCBUFO
K= AN2
B ANL3 INT
X—o -B . /’ _T
X—-o CHO
DX——
DX—— g A
-A
DX——
AN1
VREF-
bit15 bit0
AD1CSSL Register | €SSL15 | €SSL14 [ €SSL13 | .oooene | cssL2 | cssLl | cssLo |
_ bitl5 bit8
AD1CONZ2 Register [ verG2 ] veFG1 | VCFGO | — [ — [ csNA | — ] — ]
bit7 bit0
BUFS — | smPI3 SMPI2 SMPI1 SMPI 0 BUFM ALTS
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=== 10-bit ADC - Block Diagram

VINH

- VINL |
S AD1CON1<ASAM>
‘1 ‘O
Conversion

complete AD1CON1<SAMP>
Signal
_ bit15 o1
AD1CONZ2 Regl:ter | VCEG2 | VCFG1 | VCFGO | — | - | CSNA | — [ — | o
it7 it
[ BUFS [ - | SMPI3 SMPI2 SMPIL | SMPIO | BUFM ALTS
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==% 10-bit ADC - Block Diagram

AD1CON3<SAMC4:SAMCO> (7) =@ Tadto 31 Tao

__Timer4 Compare ends (2)
_Active Transition on INTO pin (1)

Clearing AD1CON1<SAMP> (0)

Avoid O Tabp

AD1CON1
<SSRC2:SSRC0>

VINH
VINL

I RESULT

AD1CON1<DONE>

I
ADlCON1<ASAM>_ﬂ Conversion
complete Signal

AD1CON1<SAMP>

11010 SBC Slide 109
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=¥ 10-bit ADC - Block Diagram

AD1CON3<ADCS7:ADCS0>

AD Clock
Postscaler +~ by
1to 256

|
Tcy to 256*Tcy

Fcy = Fosc/2

TAD

RCaD

AD1CON3<ADRC>
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“=¥ 10-bit ADC - Block Diagram

RESULT
FORMAT

AD1CON2<SMPI3:SMPI0>
AD1CON1<FORM1:FORMO>

T

AD1CON2<BUFS>

A

AD1CON2<BUFM> = ‘0’ AD1CON2<BUFM> = ‘1"
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Acquisition/Conversion
Timing
—Lor- —
;f « T]:-

&
*
&
&
&
*

Analog :
Input <

1
1
1
1
1
.-
aln
ML
mi®
u"
| Tl
ll:
="
n
-
?
1
1
1

! ‘;|||| ||||||| |||||| ||||||i A/D Clock
Acqjuit%rition §<: :>§<: :>§ Consz(rjsion
Acquisition ! Conversion
Time i Time ,
Iﬁ
A/D Sampling Time
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12-bit A/D Converter

200 K Samples / Sec Sampling Rate

Up to 16 input channels

16 ADC Result buffer to store converted data
External VREF+ and VREF-

Analog Input Range: 0to 5V (VREF-to VREF+)
Multiple Trigger sources for Start of Conversion

Software Trigger
Motor Control PWM
Timer 3

External Interrupt

Automatic conversion on internal time out

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 11
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) PIC24H/30/33 A/D

AVDD
AVss VR+
VREF+ VR-
VREF-
ANO
(o)
AN1
—_ —_
(o)
(o)
(o)
AN31

|

*S/H channels. 1,2 & 3 only available on 10- bit mode
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°°°°°°°°°°° Lab 4: Working with ADC

e Goal
— To configure ADC
— To configure I/O ports

— Toread ADC and o/p on to LEDs

e To Do:
— Look into the handout provided

e Expected Result:

— The average pot value Is displayed
on LEDs
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Analog
Comparator
Module
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VEY Analog Comparator

Block Diagram

CMCON<CXEN>

CMCON<ICXNEG>

CxINHF——_ VN

CMCON<CXINV>

=)

CMCON<CxOQOUTEN>

CMCON<CxOUT>

CxOUT

Vin+ Co

CxIN+|z—:—\57/

|
CMCON<CxPOS>
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LIcFIV] Analog Comparator
Voltage Reference Generator

CVRCON<CVRSS?>
|
VREF+E1—d\ CVRCON<CVR3:CVRO>
Aveo D = |*]8 R
CVRCON<CVREN_>[>Oj (RO
R[]
RI
R CVREF
16 Steps {
RL] T <
R
| RO CVRCON<CVROE>
CVRCON<CVRR>
1 —LC
VREF- IZI—'\'\

CVRCON<CVRSS

AVss Eo—o
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Timers
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Timer Features

e Five 16-bit General Purpose Timers /
Counters

— Similar functionality between all 5 timers
e Asynchronous counter feature only in Timerl

e Period Registers for each
— Interrupt generation on match
— Reset on match

e Gated Timer operation on each
— Interrupt on falling edge of gate

e Four of these timers (Timer 2+3 & 4+5)
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Timer X

ADC Event
Trigger

Timer4/5 _ ‘Eq.
Tx Int
Flag 4 Rst
% TGATE
TGATE TCS
TCKPS<1:0>
SOSC1 TON

TxCKI
TCY

TIMER1
DIMBERS

TSYNC

<
<

SOSC2

SOSCEN

TCS
TGA
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== 32-bit Timer (T2+T3/T4+T5)

Write TVRE/SHLD TXCON<T32>
TMR2/4 '

Read
TMR2/4

Reset
TMR3/5 TMR2/4 « m—
ADC Event

Trigger

(Timer 5 only) ¢ °

T3/T5

Interrupt
Flag

I
TGATE 8
|_
TGATE ?TCS |

o5 2B

TACKI

TCKPS<1:0>

**T3CON/T5CON SFRs
bits are ignored when
iNn 32-bit timer mode
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S | Lab 5:
Working with a 32-bit Timer

e Goal
— Understand working of Timers in 32-bit mode

— Configure the Timer 2/3 pair for 32-bit mode
— Implement a stop watch

e To Do:
— Look into the Hand out provided

e EXxpected Result:
— Press the Switch S3 to start timer

— Agalin press the Switch S3 to stop timer and
LCD displays the Time elapsed between the

start and stop
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Input Capture
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== \Why Do We Need IC Module

e Consider an Example to measure the Pulse width of the
signal

e The IC Module should be configured to
e Capture on Every Edge
e Interrupt on every Second Event

e Then the Pulse width of the signal can be found by using
the formula:

Buffer 1 — Buffer O

Pulse Width

Timer running
Frequency
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EEEEEEEEEEE |nput Capture

e Input Capture
— Up to five Input Capture Channels
— Captures 16-bit timer value
— Tcy Resolution
— Timer 2 or Timer 3 as time base
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Input Capture

TMR2 | TMRS3
X Prescaler Edge Detection
ICx Counter Logic and Sync Q O/L ICTMR
Module X
Control
Logic \/
ICXF ICXBUF |
Interrupt < > LL
Flag T

11: Interrupt on every fourth capture event
10: Interrupt on every third capture event
O1: Interrupt on every second capture event
00: Interrupt on every capture event

111:

101:
100:
011:
010:
001:

000

Input Capture functions just as an interrupt pin while
in SLEEP or IDLE mode

Capture on every sixteenth rising edge

Capture on every forth rising edge

Capture on every rising edge

Capture on every falling edge

Capture on every edge (both rising and falling)
Capture-modute-is-turned-off

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Output gompare
PWM
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S Output Compare & PWM

Up to 8 Output Compare / PWM Channels
Timer 2 or Timer 3 as time base

16-bit Compare

Minimum 1Tcy pulse width allowed

Several Compare Modes:

— Set, Reset or Toggle Pin

— Single Pulse, Continuous pulse
- PWM
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Output Compare

OCXRS

¥

OCXR

]

Comparator

OCxIF
Interrupt Flag
|
Output S OCEx

> Compare R

Logic

T <] OCFA/B
OCM<2:0>

AN

AN

TMR2

TMR3

Mode Select

1

Timer2/3
Period Match

111: PWM mode with Fault pin option

110: PWM mode without Fault pin option

101: Initialize OCx-low, generate continuous signal

100: Initialize OCx-low, generate single pulse

011: Toggle OCx on every compare match

010: Initialize OCx-High, pull OCx low on compare match

001: Initialize OCx-low, pull OCx high on compare match
000: Compare module is turned off

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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EEEEEEEEEEE Output Compare Module
e PWM mode
— 16-bit glitch-less (double buffered) PWM
output

— Full range of 0 to 100% duty cycle
— Wide frequency range

— Selectable PWM shutdown on fault
detection

e Thisis an Asynchronous shutdown
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PR

OCxR

OCx

e On timer period match
— OCx set

— OCXRS copied to OCxR OCXRS
® On OCxR match o%:/LR
— QOCx clear X
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UART
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sssssssssss UART Features

e 4-deep FIFO Transmit Data Buffer
e 4-deep FIFO Recelve Data Buffer

e Parity, Framing and Buffer Overrun Error
Detection

e Support for 9-bit mode with Address
Detect (9th bit = 1)

e Transmit and Receive Interrupts

e Loopback mode for Diagnostic Support
e LIN 1.2 Protocol Support

e IrDA® Support
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Transmit FIFO

Write

¥

UTX8

UxTXREG

UART Module — Transmit

Internal Data Bus
Word/Byte

UxMODE

UxXSTA

a
A 4

a
A 4

Transmit Control

-Control UXTSR
-Control Buffer
-Generate Flags
-Generate Interrupt

S
Load UXTSR
UXTXIF R
UTXBRK ) Transmit Shift Register
I UXTSR
(Stop) v
UXTX ) Parity | +16
Generator Divider
S S
UXCTS —»D
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=¥ UART Module — Receive

16

Internal Data Bus

Word/Byte
Word Read Read UXMODE | | UxSTA

URX8 UxRXREG Receive Control

-Generate Flags

i -Generate Interrupt
Recelve FI FO -Shift Data Character
LPBACK Load UXRXREG
1 UXRXIF
UXTX : : : ;
D ReceiveShift Register
&_ UXRSR
-Start bit detect
UxRX -Parity check
-Stop bit detect +16 Divider
-Wake Logic 16x Baud Clock

z BCLKx/UXRTS BCLKx
UEN UXRTS

Selection
z UXCTS UXCTS
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=== UART with CTS and RTS

e Controlled Transmission and Reception

— Simplex Mode
—  Flow Control Mode

May | send | am ready | am ready
|_something? to receive to receive
DTE
: : : DCE DTE DTE
16-bit |CTs i i i CTs 16-bit
Micro : : : : Modem Micro PC
Ok, go ahead
and send.
RS232 Transceivers RS232 Transceivers

Simplex Mode Flow Control Mode
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EEEEEEEEEEE UART - |FDA® Supp()rt

e Built-in IrDA Encoder and Decoder

— The IrDA Encoder and Decoder can be
enabled by setting UXMODE<IREN> bit

e 16x Baud Clock is generated to
support external IrDA Encoder and

Decoder

— 16x Baud Clock Is generated by setting
UXMODE<UEN1:UENO> to '11’

— The generated Baud Clock is available
on the pin BCLKX
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Optical Communication

e Two ways to connect LED

/0O

Logic High = LED On
Logic Low = LED off

vdd

:

N/

/O

Logic Low = LED On
Logic High = LED off

11111111



UXTX
Data

UXTX

UXTX

‘O’ Transmit Bit

Clock ; :

8th 11th

UXTX
X \ /

Data

UXTX % / \
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UART - LIN Support

e Transmission of Break Characters

— A Break character can be transmitted by
setting the UXSTA<UTXBRK> bit for at

least 13 bit times
e Autobaud Detection

<+—— Message Frame VISR, >|
Master Header Slave Response
SyncBreak SyncField IdentField Data Checksum

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Lor V] LIN - Protocol

e UXSTA<UTXBRK> Enables Transmitting Break
condition on the bus (Drive low TX pin for 13-Bit
Time)

e UxXMODE<ABAUD> Enables to measure the baud-
rate using Input Capture unit during SYNCH Field

(0x55)
<+—— Message Frame VISR, >|
Master Header Slave Response

SyncBreak SyncField IdentField Data Checksum
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“““““““““““ LAB 6: Working with UART

e Goal:
— Understand Configuration of UART module
— Understand Transmit and Receive interrupts

— Write a software to Transmit and Receive data
using UART

e To Do:
— Look into the Hand out provided

e Expected Result:

— LED D3 flashes at different rates to indicate lower
CPU time spent handling UART data using FIFO
nuffer
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IZCTM
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sssssssssss IZCTM OVGFVIeW

® Synchronous 2-wire
communication

e Master-Slave protocol

e Serial interface (Half-duplex):
— SDA: Data line to & from the master
— SCL: Clock line, master controlled
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Signal Connection

e Serial interface (Half-duplex):
—  SDA: Data line to & from the master
—  SCL: Clock line, master controlled

e Wired-AND connection
— Float High (logic 1)
— Drive Low (logic 0)

Vvdd Vvdd

i lo /T > \_

Float High Drive Low

Note: Diagrams are symbolic
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LIorivl |2C ™

e Master mode and Slave mode
@ /- and 10-bit address Slave mode

e Clock Stretching: Handshake
Mechanism for suspend and resume
operation

e Multi-Master operation: Detects bus
collision and arbitrate accordingly

e General Call support
e Address Masking
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SDAX I2CxRCV(8-bit)
RSR I2CxMSK (10-bit)
Shift Clock /
Add. Match Detect [ 12CxADD(10-bit)
SCLX < I2CxTRN(8-bit)
— | shift clock
» | 12CxCON(16-bit)
BRG < TCY/2 Control Logic
I2CBRG(9-bit) MASTER I2CxSTAT(16-bit)
MASTER Mode SLAVE
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55555555555 Address Masking

What Is 1t?

e It allows a PIC® MCU to ACK more than
one address.

What is it good for?

e IPMI: Intelligent Platform Management
Interface

e Embedded system device networking: using
a PIC MCU as multiple 1°C™ devices
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Lo iv] Embedded System Device
Networking

3V 3V
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Lo iv] Embedded System Device
Networking

3V 3V

e Eliminate external I2C™
devices
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==*  Address Masking Example

e By setting the ADMSK bits In
SSPCON2, we mask the address bits.

e In this case ADMSK[7:1]=0001011

A7 | A6 A5 X A3 X X R/W=0|] ACK

All addresses that will be ACKed:

e A7.A6.A5.0.A3.0.0 A7.A6.A5.0.A3.0.1
e A/7.A6.A5.0.A3.1.0 A7.A6.A5.0.A3.1.1
e A7.A6.A5.1.A3.0.0 A7.A6.A5.1.A3.0.1
e A7.A6.A5.1.A3.1.0 A7.A6.A5.1.A3.1.1
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SPI - Overview

Serial transmission and reception of 8/16-bit data
Full-duplex, synchronous communication
4-wire interface

Supports 4 different clock formats and serial
clock speeds up to 10 Mbps

e Buffered Transmission and Reception
= | = 1
SDO SDI
MASTER . <O SLAVE
SS SS
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SP

Pre-

SCKx
SSx

Sync Clock Select
Control Control Edge
SDOx
DX SPIXSR J

X<

¥

T

8-Level FIFO
(Enhance Mode)

!

SPIXBUF

FCY

scaler

7\

Clock Enable

MASTER
SLAVE

PIC24F devices
utilize FIFO.
Other 16-bit

devices can use

DMA for data
transfers
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LIor [V SPI Clock

oCKP: Clock Polarity Select
e 0: Idle State of CLK is LOW
e 1: Idle State of CLK is HIGH
oCKE: Clock Edge Select
e 0: Transmit data on Idle to Active Edge

e 1. Transmit data on Active to ldle Edge
PPRE SPRE

1,4,16,64

SPIXCON Register
bit15 bit8
| - | FRMEN | SPIFSD | - | DISSDO | MODE16 [ SMP | CKE=1 |

bit7 bitO
| SSEN | CKP=0 |MSTEN=1| SPRE<2:0> | PPRE<1:0> |
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=== SP| - Serial Clock Formats

SCK (a)
. E | | | | | | | | N
SCK | | | | | | | | (c)
SCK (d)
(sngg ———~(b) and (d)
X
(@) CKP =0, CKE = 0 (c) CKP =1, CKE =0 (d)CKP=1,CKE =1
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el Buffer Operation in Enhanced
Mode

e The 8level buffer can act as 8+8-bit array or 8+16-bit
array, decided by the bit SPIXCON<MODE16>

DATA

7 SPIBUF =y DATA

6

5

4

3

2

1 7

0 SPISR «—+—— CRPTR CWPTR SWPTR
Data Out Data IN
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Special Features
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LlorlV] Powering CPU
PIC24FJ, PIC24HJ, dsPIC33FJ

e Internal on-chip regulator 3.3
— 2.5V nominal for the CPU

— 3.3V nominal for the I/O and
peripheral voltage

VREG
Control

e Low ESR cap required Vddcore,VCapj - Regulatori
— 10uf recommended 10uf i E i
e VREG Control pin (PIC24F) = | —|* i

— Enable/disable the regulator
e BOR
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CTor Vi

e Power management options:
— Lower the supply voltage

— Lower the clock speed
e Postscaler
e Clock switching

— Disable unused peripherals
e Minimal power saving

— EXxecute pwrsav instruction
e SLEEP
e IDLE

— DOZE mode
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e Exiting Power Saving mode
— System Reset
— Watch Dog Timer

— Any enabled interrupt

e Interrupt Priority Level <= CPU IPL
—  Execute the next instruction

e Interrupt Priority Level > CPU IPL
— Execute the interrupt handler

e How to know it is a wake up
— Check RCON<SLEEP> and RCON<IDLE> bits
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Clock Sources

Prlmary Oscillator

)

4x
PLL

Post
Scaler

CPU Clock

e

Peripherals Clock

EC Clock |4
OSClI
L XT,HS |
__ . Crystal ——
L OSC :
OSCQ T
Fast RC Post
8.0 MHz Scaler
Low Pwr RC
32KHz
SOSCl 32KHz
1
- Se(t::onctialry
s osC
SOSCO
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Primary Oscillator

(> EC Clock

Clock Sources

_C XT,HS

"L i| Crystal OSC

32KHz
Secondary
Crystal OSC

;XT. EC.HS [ 4y pLL XTPLL,

ECPLL,

SOSC

e Itis 4x PLL only in PIC24F. In other 16-bit controllers
It can be configured into 4x, 8x or 16x PLL
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Clock Sources

CLKDIV<RCDIV2:RCDIV0>

|
PostScaler, + by |-
Fast RC | FRC ’ FRCDIV FRCPLL
8.0 MHz 1,2, 4,8,16, 32, % AXPLLY. 1 or 2)
64 or 256

Low Pwr. RC |LPRC
32 KHz
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== Power Saving Technology
e On-the-Fly Clock Switching

FRC + PLL

LPRC PO

POSC

SOSC

POSC + PLL

—  OSCCON<OSWEN> bit to enable On Fly Clock Switching and
OSCCON<NOSC2:NOSCO> bits to select the new clock source

e Instruction-Based Power Saving Modes

—  Sleep
— ldle
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XT, HS, EC

Doze Mode

CLKDIV<DOZE2:DOZEO>

PostScaler

= By CPU Clock

HSPLL,ECPLL

FRC

1, 2,4, 8, 16,
32, 64, 128

|
(

FRCDIV

FRCPLL

CLKDIV<DOZEN>

Peripherals Clock

LPRC

SOSC
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Her) Fail-Safe Clock Monitor

e What happens on Oscillator Failure?

— Device switches automatically to the FRC oscillator if
FSCM is enabled
e FSCM controlled by the bit FOSC<FCKSM>

— Oscillator Failure Trap is generated

— Code execution vectors to the Oscillator Fail trap
handler, if one exists. Here the application should:

e Clear the Clock Falil bit, OSCCON<CF>

@ Clear the Osc FAIL trap flag, INTCON1<OSCFAIL>
e Switch to required Clock Source form FRC

e Execute a RETFIE

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11010 SBC Slide 168



UUUUUUUUUUUUUUUUUU

aaaaaaaaaaa Resets

e PIC24 RESETS
— Power-on Reset (POR)
— Pin Reset (MCLR)
— RESET Instruction (SWR)
— Watchdog Timer Reset (WDT)
— Brown-out Reset (BOR)
— Trap Conflict Reset (TRAPR)
— lllegal Opcode Reset (IOPUWR)
— Uninitialized W Register Reset (UWR)
— Configuration word mismatch Reset (CM)

e For all the resets PC vectors to address 0O
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Watchdog Timer

Recovers from software malfunction

Resets MCU If not attended on-time
— Software must clear it periodically (CLRWDT)

Programmable timeout period
— 1 msto 131 s typical

Fuse time programmable prescaler and
postscaler

Both Fuse time and Run time Enable available

Option to select Windowed WDT
— CLRWDT should be used only in last quadrant
— If CLRWDT Is used earlier, resets the device




Programming Support

e In Circuit Serial Programming™ (ICSP™):
e Device can be programmed in circuit
e Useful to Combine Programming and Final test

e Enhanced In Circuit Serial Programming™ (Enhanced
ICSP™) capability:

e Uses programming executive for faster programming
e Run Time Self Programming (RTSP):

e Device can program its own Flash memory
e Useful for Remote code updates

e JTAG Interface

e Programming support through Serial Vector Format files
e Provides for boundary scan
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Summary

e Wereviewed the 16-Bit Family Architecture
— 16-bit Datapath & Key CPU registers
— Program/Data Memory and Data Access from Program Memory
— Interrupt Handling and latency

e We reviewed the MPLAB® C30 C Language Extensions

— The basics of creating an embedded c-application for the
PIC24F/dsPIC® DSC

e Wereviewed the 16-bit Family Basic Peripherals
— 1/0 Ports
—  ADC
— Comparators, Voltage Reference
—  Timers
— Input Capture
—  Output Compare & PWM
—~  USART
— |2CTM
- SPI
@ Special features of 16-bit microcontrollers
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Summary

e Carried out the Labs on

Using MPLAB® and C30

PSV initialization and usage

Interrupt handling and its priority setting
Initialization and ADC conversion

32-bit Timer configuration and its usage
UART configuration and use of FIFO
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55555 *  Development Tools Used

e MPLAB® REAL ICE™
INn-Circuit Emulator
— DV244005

e Explorer 16 with
PIC24FJ128GA010 PIM

— DM240001
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References

PIC24F, PIC24H, dsPIC33 F Datasheets
PIC24F Family Reference Manual
dsPIC30F Family Reference Manual
Explorer 16 User’s Guide

C30 Compiler User’s Guide

Other 16-bit RTC Courses
204 ADV: Advanced 16-bit peripherals

— 103 ASP: Intro. To 16-Bit Arch. & Assembly
Language Programming

— 104 DSP: dsPIC® DSC DSP Engine
— 301 MCW: BLDC Motor Control Using dsPIC DSC
— 312 DPS: SMPS Design Using dsPIC DSC
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Trademarks

The Microchip name and logo, the Microchip logo, Accuron, dsPIC,
KeelLoq, Kee o%logo, microlD, MPLAB, PIC, PICmicro, PICSTART, _
PRO MATE, rfPIC and SmartShunt are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AmpLab, FilterLab, Linear Active Thermistor, Migratable Memory, MXDEV,
MXLAB, SEEVAL, SmartSensor and The Embedded Control Solutions
_Coteraong %re registered trademarks of Microchip Technology Incorporated
in the U.S.A.

Analo -for-the-DlgFLtaI Age, Application Maestro, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR, FanSense, FlexROM,
fuzzylLAB, In-Circuit Serial Programming, ICSP, ICEPIC, Mindi, MiWi,
MPASM, MPLAB Certified logo, MPLIB, MPLINK, PICKkit, PICDEM,
PICDEM.net, PICLAB, PICtail, PowerCal, Powerinfo, PowerMate, PowerTool,
REAL ICE, rfLAB, Select Mode, Smart Serial, SmartTel, Total Endurance,
UNI/O, WiperLock and ZENA are trademarks of Mlcrochlp Technology
Incorporated in the U.S.A. and other countries.

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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