16-bit Basic Peripherals and
Programming using C30
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&

g@ Objectives

e When you walk out of this class,
you will know

— 16-bit family Architecture
— 16-bit family Special Features
— 16-bit family Basic Peripherals
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@é@ Agenda

-"'r; . .
e Architectural Overview

— Programmers’ Model
e Program Memory
e Data Memory

e C30for 16-bit devices
—  LAB 1: How to use C30

e Program Space Visibility (PSV)
— LAB 2: PSV Initialization and its usage

e Stack and Frame pointer
— Addressing Modes

— Interrupt and Trap Handling
e LAB 3: Interrupt Service Routine and Interrupt Priority

® Special features
— Oscillators and Power Saving modes
— Resets
— WDT
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@é@ Agenda (Continued..)

e Basic 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

. |2Cc™
—  SPI
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“é{g@ Harvard Architecture

e 16-bit microcontroller
e 24-bit Instruction width

e Data Transfer Mechanism between
PM and DM

y = 4
16 — bit
window

A
Program Data
Memory Memory
(Up to (Up to

12MB) 64KB)
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‘%2@ Instruction Pipeline

e Allows overlap of fetch and
execution

e Makes single cycle execution

e Program branches (e.g. GOTO,
CALL) take two cycles

TCYO TCYl TCY2 TCY3 TCY4

1.MOV WO, PORTB [FEChdEXecad
2. CALL SUB_1 [Fetch 2a Update PC.

(Forced NOP)

3.SUB 1
4. BSET PORTA, RA3

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 7



Clocking Scheme

e Instruction frequency = 1/2 of clock input frequency

o PIC24F

—  62.5 ns Instruction cycle @ 32 MHz clock
— 16 MIPS @ 32 MHz clock (PIC24F)

e PIC24H/ dsPIC33F

— 25 ns Instruction cycle @ 80 MHz clock
— 40 MIPS @ 80MHz clock (PIC24H)

OSCl __ / \_/J S/ S S\

Ql _ /" —\ I\ I\

Q2 ../ /N /N /N

Q3 /N /\ /N /T
Q4 /N /N / 0\

SV e U 2 Y 2 A Z—

1 Instruction cycle (Tcy)
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’%@ Program Memory
o 23

S
0 0000
e Maximum 12MB
—  4MB x 24-bit
~ 23-bit PC (PCH& PCL)
e PCincrements in words §
(LSB always ‘0’) D
QO
® Reset VectoratO @ &
e Interrupt Vector Table &
from 4h to FEh S
e User Code space from & &
200h to 7FFFFEh (what o CCCOMGREGISIES Y
ever iIs implemented) S <
O
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Program Memory Space seen by
C30

A

»000000
reset. .ivt, .aivt Reset & Interrupt Vectors
G _ Far Code Handles
b
Z
— 008000 text #—+—General Program Storage
o — Initializers for Data Memory
S
GC) .const — Constants in Program Memory
b
O
—) 7FFFFE

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 11
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16-bit Architecture
Programmers model

TBLPAG | PSVPAG

SFR

Near Memory

Far Memory

CORCON

W 13
W 14 Frame Pointer

W 15 Stack Pointer

' PCH | PCL

'16-bit devices

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 13




Data Memory Organization

MS Byte 10.bits > LS Byte
Address Address
MSB LSB
2 KB 0x0001 OX0000 ™=\
(@g
SFR Space { Ox0O7FE SFR “)pace OXO7FE
Ox0801 0x0800 Near Data
X Data Ram > Memory
8 KB
SRAM Space
| Y Data Ram _|oxirre
DMA RAM
7~ 0x8001 0x8000
Optionally Mapped Unimplemented
into
Program Memory <
Using PSV
\OXFFFF OXFFFE

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 14



A
.

Data Memory Space seen by
(338

— 0
Special Function Registers
800
| -
8 % Un-initialized Data, Heap, Stack
Z 1800 © .bss and .nbss
g); Constants, Initialized Data
—p 2000 X .data and .ndata
2800
© —— Unimplemented memory
| -
(b
c 8000
(b
O  Program Space Visibility (PSV)
.const ' Data Window
—> FFFF

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 15
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% Lab 1: Working with C30 and
MPLAB IDE
e Goals:

— To work with C30 and MPLAB® IDE
environment

e To Do:
— Follow the presenter

e EXxpected Result:

— Successfully build the project and
program the device

— LED D3 should turn on

© 2006 Microchip Technology Incorporated . All Rights Reserved . 203PR C Slide 17



MPLAB® IDE

ﬁg@ 16-bit Development Tools

Launching the MPLAB® from windows environment

» MPLAB IDE v7.40

File Edit Wiew Project Debugger Programmer Toaols  Configure  Window  Help

| D@ E| sl SAw P

o 5

J Checksum:  NJA

PIC24F11 2864010

oabsabIP0  dcnovz o

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PR
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,f@@ 16-bit Development Tools
Y MPLAB® IDE

Creating a New Project

C

» MPLAB IDE v7.40
File Edit Wiew N8 Debugger

J 0= L | Project Wizard. .. o il

J Checksum:

Programmer Tools  Configure  window

Cpen...
Close *

Set Active Project

Quickbuild {nio . asm File)

Clean
Build Cptions. ..

Save Project
Save Project As. ..

#dd Files ko Project. ..
&dd Mew File ko Project. .
Remove File From Project

Select Language Toolsuite, .,
Set Language Tool Locations. ..
Yersion Control. ..

oabsabIPO donowz

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 19



,f"@@ 16-bit Development Tools
4 MPLAB® IDE

Naming a new project

w MPLAB IDE v7.40 =]

Fil= Edit “iew Project Debugoer  Programmer  Tools  Configure  Window  Help
D@ M| mE [ 2h2?| e EB
J Checksum:  NfA

|
New Project

Project Mame

203Lak1

Project Directony
CARTCAVZ03PRCN2020La01 L Browse. .. ,|

5] (oo ]

PICZ4F I 2554010 oabsab IP0 donmowzc
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ﬁg@ 16-bit Development Tools

MPLAB® IDE

Selecting the Language tool (C30, Third party tool suit or

MPASM )

File Edit Wiew

Debugger  Programmer  Tools  Configure Window  Help

Project Wizard. .,

| D& | |

= [ 203Lat

Mew. ..

open...

Close

et Active Project

-
D Hea

Cuickbuild {no asm File)

(58 Ohie
[ Libr
[ Links
[ oth

Clean

Build All Chrl+F10
Make F10

Build Options. ..

Save Project

Save Project As..,

fdd Files to Project, .,
Add Mew File to Project. ..
Remove File From Project

Select Language Toolsuite. .,
Set Language Toal Locations. ..
Yersion Control. .

PICZ4F1128GA010
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K@Q 16-bit Development Tools
® 4 MPLAB® IDE

Select Microchip C30 tool suit
LAB IDE v7.4C DX

File Edit Wiew Project Debugger Programmer Tools  Configure  Window  Help

O = ? o E@EB & @ | Che

= [ 2o3Labl.mcp Active Tookuite: | Microchip C30 Toolsuite v

Source Files

[:I Header Files

Toalzuite Cantents
MPLAE A5k 30 Assembler [pic30-as.exe

. . Lt
D ':'l:']E”:t Files MPLAR C30 C Campiler [pic30-goc. exe) =3
|:| Library Files MPLAE LIMNK.30 Object Linker [pic30-1d.exe) :
IR Arehivear TmieW-ar swval —
(L Linker Scripks
1 Other Files LB
C:%WProgram FilezhMicrochiphtPLAE C304%bin'pic30-oce. ex [ Browsze. .. ]

5 (oo |

PIC24F11Z280GA010
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ﬁ\}@ 16-bit Development Tools
4 MPLAB® IDE

Selecting the required controller from list of devices

» MPLAB IDE v7.40

File Edit “iew Project Debugger Programmer Tools BESEREEEEES Window  Help
Select Device. ..
D@ H| sl | SHhw P | .
J iZonfiguration Bits...

Exkernal Memary. ..
ID Mernory. ..

B 203Lab1.mcw M=1E3

= |1 203Labl.mcp Settings. ..

Source Files
1 Header Files
E & Cbject Files
1 Library Files

(L Linker Scripks

PIC24F11Z280GA010

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 23



Select Device

» MPLAB IDE v7.40

Device:

16-bit Develop
MPLAB® IDE

Selecting the required controller from list of devices

Device Family:

ment Tools

X

File Edit Mjew Project

|

[0 =
PIC24FJF4GADDS
el |PiIc24FJB4GADTD
B 203Lab1.moew PIC 24F JORGADDE
Sl (p)co4FI96GAD0
PIC24FJORGADTD

PIC24HJ1 28GP 206

= 3 203Labl.mcp PIC24H1 28GP 306

Source Files PIC24HJ1 28GP310

53 Hender Files FIC24HJ1 28GP506

FIC24HJ256GP 206

1 Object Files PIC24H)Z56GPE1D
PIC24HJG4GP 206

1 Library Files PIC24HJG4GP210

: . FIC24HJB4GP506
(3 Linker Seripts FICZ4HJB4GPE10

[ Cther Files dsPIC30F2010
dsPICI0F2010A

dsPIC30F201 08
dsPIC30F2011
dsPIC30F2011 e
dsPIC30F2012
dsPIC30F201 26
dsPIC30F2020PS
P1_l4sricaorzozips

ALL

nport
MPLAB ICD 2
PICk 1

ot

[ COMPILER
w202

it

[ MPLAB ICD 2

FLAB ICE 4000

PromModule

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC
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MPLAB® IDE

Looking at supported tools by MPLAB® for the selected

,«?@ 16-bit Development Tools

device
Select Device X button indiqates
- the tool support is

Device: Drevice Earmily:

validated and functional
v| |F~.LL

for the selected device

Microchip Programmer Tool Support

& PICSTART Plus & MPLABICD 2
@ PROMATEI @ PICkit1
£ MPLAB PM3

Microchip Language Tool Support

) ASSEMBLER i) COMPILER
w202 w2 02

Micrachip Debugger Tool Suppart

a MPLABE Sit 0 MPLAB 1D 2
MPLAB ICE 2000 MPLAB ICE 4000 . .
@ o Module @ o Madule button indicates

the tool support is not
available for the
selected device

[ Og ] [ Cancel ] [ Help

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 25



,f"@@ 16-bit Development Tools
4 MPLAB® IDE

You Configure the device core from this window; alternatively
you can use _config macro to set the configuration word in

the software
 MPLAB IDE v7.40

File Edit “iew Project Debugger Programmer Tools [

|DSE| i mE [ SHhw? |

Configuration Biks. ..
External Memary, ..

I 703Lab1.mcw |:| |E| |E| ID Memary. ..

= 3 203Lab1.mcp Settings...
Source Files
1 Header Files
3 Dbject Files
3 Library Files
(1 Linker Scripts
1 Other Files

PICE4FI11 234010

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 26



16-bit Development Tools
MPLAB® IDE

Select the config setting as per requirements.

s MPLAB IDE v7.40 E“E]EJ

File Edit Miew Project Debugoger  Programmer  Tools  Corfigure  Window  Help

r b Y e B T b T : Checksum: NIA

=

Value | Category setting

Primary O=zcillator Select HZ Ozcillator Enabled

Primary Oscillator Output Function O23C0 pin has clock out function

Clock 3witching and Monitor 3w Disabled, Mon Disabled

Oscillator Select Primary Oscillator (ZT, H3, EC)
157FE 3F1F Watchdog Timer Postscaler 1:32,768

WDT Prescaler 1:1238

Watchdogy Timer Enable Dizahle

Comn Channel Zelect EMICZ/EMUDZ shared with PCGZ/PGDEZ

Jet Clip On Emulation HMode Feset Into Operational Mode

General Code Zegment Write Protect Disabhled

General Code Segment Code Protect Disabhled

JTAG Port Enaskble Disabled

FIC24F1125GA010

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 27



K@Q 16-bit Development Tools
® 4 MPLAB® IDE

Adding source files to the project

Add Files to Project

Look jn: | £ c v Q¥ *E-

3 @ Dezktop
L.ﬂ FI=24 ) My Documents

@Jtemp_ 'y My Computer

» MPLAB IDE v7.40

File Edit “iew Project Debugger Programmer

Tools Configure  Window  Help

-]
D= 7 | (@] temp._ 4 3% Flappy (4]
[ |_lﬂtemp_ “e diive [C)
%g:ﬂ_ & hihd (@] traps I=5) Program Files
[ Micrachip
Checksum: MNfA ) MPL&E C30
I support
T | [ [ | : 5 templates
M 203labl.mew = |[B)X] File name &E | [Cooen ]
o|°t¥ Add Files to Project I
IEI Dgw — anuk_in:|E}C v|@ ? a_ ——
add Files, ., @] F1czatraps
D Header - . ternp_lE:E:-:;m:lil:l
: @] temp_6010
[ Object F Filker @temp_6014
[ Library Files @traps
1 Linker acripks
1 Other Files File name: | temp_128GA010 [ open |
PIC24F11 2540010 Filez of type: |SUL,uc:B Files [*.5:".c] v| [ Cancel ]

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 28



16-bit Develop
MPLAB®

Adding Header files to the project

» MPLAB IDE v7.40
Eile Edit

Programmer

YWiew Project  Debugger

Tools  Configure  ‘Window

Help
O =

EB)X]

= [ 203Labl.mcp*
= (1 Source Files
temp_1Z5GA010.C

£

3 Object
[ Library  Filker

[ Linker Scripks

[ Other Files ||

{4

»

Add Files to Project

ment Tools
IDE

?)X]

PIC24F11Z:

E] outcompare

[Z] prar1zzaan0z
[Z] prar1z2:a004
[Z] pz4rFis4can0z
[Z] pz4ris4can04

< |

[Z] pz4FI64=a008
[Z] praFI64:a010
[Z] prar196:A006
[Z] pz4FI96EA008
[Z] pz4FI985a010

[Z] pz4r112864008
[HhpzaF1128GA010
Ea] padFum

Loak jr: | 0 h Forrm

] adetdy @EE: E;:tgzcuments 4GA006 (2] pR4FI1ZaGA!

[Z] ade1y - 4ca008  [Z] p24FlizaGa

»j by Computer

=) can 3% Floppy [5:) 4GA010 (5] p24FILzacal

] dei < diive [C:] 6GADDE  [Z] padFn

] dsp &3 Progiam Files 6GAO0S (5] p24HIe4GR2)

] izc =3 Microchip 6A010 2] p24HIs4GRE

| MPLAB C30

< =) suppart 4

. &
Add Files to Project
Lok, jr: | = h V| (€ Nl
= incap [Z] pzaFis4=anns  [E] prariizecanns (2] pr4Hls4ERs)

[Z] pz4H184PS
[Z] pzaHI1L 2805R;
[Z] p2aHIL 285R;

[Z] pz4H164GR20

] pzareacrz1) o

Tvpe: HFile
ate Modified: 6272

Size: 985 bytes

File narme;

| p24FJ12854010

Files of type: | Header Files (* h* inc)

[ Open _]
]

[ Cancel

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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K@Q 16-bit Development Tools
) MPLAB® IDE

Adding Linker file to the project

Add Files to Project

» MPLAB IDE v7.40

Laok in: | ) gld v O T
File Edit View Project Debugger Programmer @ Dovor o
Tools Configure Window Help 5852471 i ) D ncuments pesFizoGAnI0.dd g
= pzar] 9 My Computer pzaHIG4GRE06.Od [ p
P24F] " 3 Floppy (&) p24HIE4GP210.ld p:
EpzaF] L diveC: p2aHIE4GPSOE.gd [ pe
] age drive [C:] :
p24F ] (&3 Progiam Files pZ4HIEHEPS10.gld P
p24F] =) Microchip p24H11 28GP206.gid [ pe
|y MPLAB C30
Checksum: MNIA < =) support *
2Yad

B 203Lab1.mcw Add Files to Project

Lok, j: | 9 gld V| (¢ T = -

= ] 203Labl.mcp*
=-I_1 Source Files p2aF13zGAN0Z.Od [ pe4Fledcanio.gld (B RRRE R p:
ot p24F132GA004.gld p24F196GA006.gld pz4HIe4GP206.0d [ pe
temp_128GA010.c = z =

) F24FIE4GAN0Z. gid p24F 1964008, gld p24HIE4GP210.gld . R

1 Header Files F24FIE4GAN04. gid p24FI96GA010.gld p24HI64EPS06.0d [ pe
(1 Chiject Files F24FIE4GAN0E, gid pzaFllzaca0le.od  [HpzaHieecrsiogld  [=p
3 Library Files F24FIE4GA00S. gid pzaFllzaca00g.od  [HpzaHitzecrzoe.ald = p

B ]Linker < >
21 Other £ IACEACI - | =

=l _ File name: [ p24FJ128GA010 C | open |

Filker

g d | Z8GA010 Files of type: | Linker Scripts [*.gld] v | [ Cancel ]

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 30



ff@@ 16-bit Development Tools
4 MPLAB® IDE

Setting the build Options for the project

s MPLAB IDE v7.40
File Edit Miew NEi0E=8 Debugger

Programmer Tools  Configure  Window  Help

Project Wizard...
[0 = :

Mew...
:.:,-_: —~
[~ Q [ 2pen...

3

Checksum: Qs

Set Active Project

= ] 203Lal Clean
5.5 Biuild Al Chr4+F10

Make F10

ull

2 I-Tee Build Cptions. .. C\Program FilesiMicrochip!

Aokl Save Project Project
LA Lk Save Project As. ..
=] 3 Add Files to Project. ..
fdd Mew File to Project, ..
Remove File From Project

3 ot

Select Language Toolsuite, .,

Sak | ammizma Tand | aeskicme

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 31



~ 16-bit Development Tools
MPLAB® |IDE

Set the Library paths...

Build Options For Project *1010Lab1.mcp™

General | ASM30/C30 Suite | MPLAR ASKM30 | MPLAE C30 | MPLAE LINK30

Output Directary, $[BINDIR]:

Browse. ..

Intermediates Directory, $[TMPDIR]:

Browse. ..

Azzembler Include Path, $[AIMDIR]:

Browse. ..

|nichude Path, $(IMCDIR):

Browsze...
Library Path, $LIBDIR):
C:%Program FileshhMicrochip\MPLAE C304IBY

Linker-Script Path, $ILKRDIR):

( Suite Defaults)
[

(] ][ Cancel ][ Apply

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 32



Build Options For, Project “1010Lab1.mcp™

General | A5M30/C30 Suite | MPLAB .-'f-.SM3E|| MPLAR C30 | MPLAE LINK30

v

Categories: | (EEMEE]

Generate Command Line

Generate debugging information [] sdditional warnings
[]5uppart all &M5]-standard programs [ Shiict AMSI warmings

[]Make warmings inta emrors

t acro Definitions

Add..

Femove

Remove Al

Restore Defaults

E

[] Usze Alemate Settings

(] H Cancel H Apply

]

16-bit Development Tools
MPLAB® IDE

Build Options For, Project “1010Lab1.mcp™

General | A5M30/C30 Suite | MPLAB ASM30 | MPLAB E3EI| MPLAB LINK30

Categaries: | General e |

Generate Command Line

Heap size: I:I bytes [] &llowe everlapped sections

hin Stack Size:

(=
=

a1}

=1

Sumbaol Definitions

| ~defsym=__|ICD2RAaM=1 -Map="$[TARGETEASE ] map" -0"${TARGETEBASE |

[] Usze Alemate Settings

(] H Cancel H Apply

]

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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Attributes to Interrupt
handlers

~ MPLAB IDE v7.40 | =1{3

File Edit Aiew Project Debugger Programmer Tools Configure  window Help

O = = h o 7

—

= owe E B | &=
Checksum: MlA

155 wodid attribute [ interrupt 1) _ADCInterrupt (roid)
159 i

12 A% Inmterrupt Serwice Routine code goss here A

14 }

157 £* Interrupt Serwice RBoutine =2 s
1s5S #* Fast context sawve (using push.s and pop.=) i

170 wroid attribute (84 interrupt
171 {

= shadour 1 _TlInterrupt (woid)

1732 A£* Imterrupt Serwice Boutine code goes here 5
175 ]

17= A% Imterrupt SFerwvice Routine 3F: INTOInterrupt A
173 £* Save and restore wvariables warl, warZ, eto. i

151 wodid attribute (34 interrupt [} save (wvariablel wariablezZ) )| _INTOInterruapt (wvoid)
122 i

124 A* Imterrupt Serwice RBoutine code goes here g

%l | >
PICZ4F11285G0010 Ln 182, Caol 2

The predefined interrupt handler names can be found in
Table 7.3 of C30 User’'s Guide, DS51284

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 34



f’{@% Attributes to define Variables

Jr-*
" These are the some of the attributes to define variables

& MPLAB IDE v7.40
Fil=  Edit

b= SR ? oesEB &

Programmer Tools Configure  Window  Help

Debugger

View  Project

‘ Checksum:  NJjA

B 0| W C:\...\temp_12BGAD10.c =l

J,I'************* START DF GLDBAL DEFIHITIDHS e e o e o e e e e o e e o e

#* Define arrays: arrayl[], arrayZ[], etc.
F* with attributes, as giwven below

A* either using the entire attribute

int arrayl [CONSTANT1] _ attribute_  ((_ space_ (data). aligmed (3Z)1);

F* or using macros defined in the header file
int array? [CONSTANTL] _BESS(2E);

£* Define arrays without attributes

int arrayb [CONSTANTEZ] ; F* arrayh is NOT an aligned buffer *75

f* Define global wariabhles with attributes
int wariablel _ attribute_ ({_ space_ (datall);
F* Define global wariakhles without attributes

int wariablel;

|£

PICZ4FI1Z25EA010 pabsab IPO | donmowzc
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x‘@é PI1C24: Develo%ment Tools
) MPLAB® |IDE

C

Building the project

» MPLAB IDE v7.40

File Edit Wiew BEEGERS Debugger  Programmer  Tools  Configure  Window  Help
J D= | | Project Wizard. ..

Mew. ..

CIE- i » MPLAB IDE v7.40
J E @ Q - Cpen. .. | . -
File Edit VYiew Project Debugger Programmer

J Checksum: R g ) :

Set Ackive Project 3 Tools Configure  window  Help

[ >

Cuickbuild (o, asmn File)

| D@ H| i S ?
.Inll Ctrl+FLD = & @

I 1010Lab1.

= [ 1010Le

o L0500 Make
L5 Euild Cptions. .. r Checksum: N/A
..... D Hea

Save Project
Obj
53 oby Save Project As...
&dd Files to Project. ..
Ell:l Linkl 4l Mew File to Project...
o E Remave File From Project g

M 1010Labl.mew |- |[O][X]

= |1 1010Lab1.mecp
EID Source Files
N E] Labi.c
|

| £

Select Language Toolsuite. ..

>

< i
PICE4F]1286A010

Set Language Tool Locations...
Version Contral...

¢ Symbols |

PIC24F11 2854010 oabsab IPO dcnaovzc
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x‘@é PI1C24: Develo%ment Tools
) MPLAB® |IDE

C

Output window after a successful build!!

» MPLAB IDE v7.40

File Edit “iew Project Debugger Programmer Tools Configure  Window Help

D W ‘mE | Shw 7
TR B | S
|Checksum: N

W 1010Lablmew. |- |0 X|
(2031203 abs\ab1Mab1.c. - [B%

fifinelude "Etring. h"

| Buid |Versinn Coarttral || Find in Files |

Clean: Deleting intermediary and output files.

Clean: Deleted file "CA203203Labs\Lab1iLakbl.a".

Clean; Done.

Executing: "CAProgram Files\Microchip\WMPLAE C30\hinkpic30-goc.exe" -mopu=24F 1 28GA010 -c-x ¢ "Labl " -0"Lakbl 0" -g
Executing: "CA\Program Files\Microchip\WMPLAE C3Mhinypic30-goc.exe" W "CAZONZ03Labs\Lab1Lakl 0" -L"CAPrograrm Filesihic
Executing: "Ch\Program Files\Microchip\WMPLAE C3Mhinypic30-hinZhexexe" "1010Lakb1 .cof"

Loaded Diywidya\PIC2 workshoph10100ak141010Lab cof.

BUILD SUCCEEDED: FriAug 1811:28:31 2006

I PIC24F1128GA010 osbsab PO donovzce o
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K@Q 16-bit: Development Tools
® 4 MPLAB® IDE

Viewing disassembly listing many more...

w MPLAB IDE v7.40 Ml=1E3
File Edit Project Debugger Programmer  Tools  Configure  Window  Help

D Ii"q v Project .:? \
v Dubput

e .y
i Toolbars

1 Disassembly Lisking

3 Program Mermary i

4 File Registers . . .
g | Yersion Control || Find in Files

ded CARTODIFROEZ05Lak 12050

& Mermary Lsage Gauge

8 Locals

9 Wyakch

10 Call skack,

11 Special Function Reqisters

|

1 Linker Scripks

1 Other Files "
I >

PICZ4F1125GA010 oab sab IPO
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K@@ 16-bit: Development Tools
4 MPLAB® IDE

C

Snap shot of a disassembly listing

A MPLAB IDE v7.40

File Edit View Project Debugger Programmer Tools Corfigure  Window Help

O LY R

maini )
{
Fadooz Ink HOxZ
Ly BEZ32Init i) ;
PEVInic () ;
a7ao0s roall 0x000Z294

int i = 0;
EEOOOO cly _w Ox0000
7a80F00 mow. ot 0x0000, [0x001le]
while (i-<0x2000)
EOOQOLE cpl.w [0x001lc]
350002 bra lts, Ox000z23%0
{
' PucR3Z3Z (MyScring[il) -
it++;
ES0OF1E inc.w [0x001c], [Ox00L1lc]
37FFFC bra O0x000Z2%8
gooooo

I PICZ4FJ1Z28GA010 oabsab IPO donowvzc
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f@é_ 16-bit: Development Tools
y MPLAB® IDE

C

Selecting the programmer
SOE CEX

File Edit “iew Project Debugger Tools  Corfigure  Window  Help
Seleck Programrmer MNone
N | i mE| S Sl
J . 1 PICSTART Plus
MPLAE ICD 2 Setup Wizard. ..
Program 3 PICkit 2
J B R BRI RD L] Read 4 MPLAB PM 3
Werify SPROMATEII
Erase Part & PICKiL 1
Blank Check.
= 1 1010Lab1.mcp | Read EEFROM
= L Source Files Release Fram Reset
: Hold in Reset: | ..
[_1 Header Files +0000

(2 Obiect Files Abort Operation

x0000, [0x00L1e]

[ Library Files Cannect i<0xE000) L
=-[Z Linker Scripts Download ICD2 Operating Systemn 0x001c] L
. [2] pear1128GA0 ) - 0000230 :
] Settings. .. 3
L3 other Files TET T PutDEZ3Z (MyString[il); 4
Ea3: it+; &
0023C ESOFLE inc.w [0x00lc],[0x00lc] &
00z2E 27FFFC bra 0x000Z88 7
[ Files | #2 Symbols 00290 000000 nop o
60 } &
61: while (1) ; 10
0029z Z7FFFF bra 0x000Z92 11
62 } 12
5o 13 W
| >
I MPLAE [CD 2 PIC24F1128GA010 oabsabIP0 denovzc Ln
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16-bit: Development Tools
MPLAB® |IDE

Connect to the Programmer

. N

Programmer  Tools  Configure  Window J '3..'3 E‘& '& DJ; Du-: DJ; 4 ®
E Select Programmer 3

MPLAE ICD 2 Setup Wizard. .,

Program

Read

Yerify

Erase Park
Blank Check.
Read EEPRGCM

=10 x|

Buid | Version Control | Findin Files MPLABICD 2 |

Connecting to MPLAB ICD 2

..Cannected

Setting %'dd source to target

Target Device PICZ4FJT128GA010 found, revision = Rew Ox3007
..Reading ICD Froduct 1D

Release from Reset

Hold i Reset .
Funning ICD Self Test
&bort Gperation .Passed

MMFLAB ICD 2 Ready

AN

Successful Connection

Conneck

Download ICDE Operating Swstem

Setkings...
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f@é_ 16-bit: Development Tools
y MPLAB® IDE

C

Program the device

File Edit “iew Project Debugger Tools  Corfigure  Window  Help

Select Programmer k

MPLAE ICD 2 Setup Wizard. ..

Do 86 B O3 O | Read

Werify
Erase Part
Blank Check,

= (3 1010Labl.mcp Read EEPROM
= [ Source Files Release from Reset
|j Hold in Reset: | ..
----- Header Files ’
..... D OI:I]EEt Files . OFIEI’EItICII'I igggs L [0x001e]
----- [ Library Files Cannect i<0xE000) L
=-[Z Linker Scripts Download ICD2 Operating Systemn 0x001c] ;
; ;. 0x000290
L2l p24fJ1ZSGA ettings... . 3
""" L3 other Files TET T PutDEZ3Z (MyString[il); 4
Ea3: it+; &
002Z3C ESOFLE inc.w [0x00le], [0x001lc] &
00Z3E 37FFFC bra 0x000Z328 7
[ Files | #2 Symbols Q0zeo 000000 nop &
60 } &
61: while (1) ; 10
0029z Z7FFFF bra 0x000Z92 11
62 } 12
£3: 13 »
| b
I MPLAE [CD 2 PIC24F1128GA010 oabsabIP0 denovzc Ln
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C30: Data Attributes

e Attributes used to:
— Place data at a specific address
— Place into near memory
— Place In a specific section or space

— Align begin or end to a multiple byte
boundary

— Allow linker to fill memory gaps
— Maintain data through reset
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C30: Data Attributes

&
&

e Place data at a specific address
int MyvVar _ attribute ((address(0x860)));
int  attribute ((address(0x860))) 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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@2@ C30: Data Attributes
o

Place in a specific section or space
int Abc _ attribute ((section(“ThePlace™)));
int Def  attribute  ((space(psv)));

— New section will be created, If needed

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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@8@ C30: Data Attributes

e Allow linker to fill memory gaps
char _ attribute ((unordered)) MidArray[15];

— Allows linker to move variable

e Maintain data through reset
int  attribute_ ((persistent)) PrevData[5];

— C30 startup code will not initialize to zero
— Can maintain state information through reset
— Not for power cycle
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&

@% C30: Built-in Functions

e Use special hardware features

— ' builtin mulss(const signed Int p0, const
MUItIpIy o o ( J signedpint pl);

— Divide  _builtin_divsd(const long num, const int den);

— Table pointer Bunttin thlof ot ceonet vard y;

LY i e ot vl D

— Bit toggle __builtin_btg(unsigned int *,iggsci)%??
e More efficient code

— Faster

— Smaller
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fé% 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 l
TBLPAG

. Byte Select
Register

15-bits from Source/Dest. Pointer [

Effective 24-bit PM Address From On Code
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ﬁ%@ Constant Data Access from
'PM Using Table Instructions

o
\“f
P
s

> Actual 24-bit Program Memory
23 0
Phantom Byte
00000000
) 8-bits " 16-bits ”
— ANC N
N e
TBLRDH/TBLWTH TBLRDL/TBLWTL
\ A A J

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

Table Instruction View of Program Memory
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ﬁ@@ 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 |
Byte Select

8-bits from

PSVPAG : :
Register 14-bits from Source Pointer
Space

“User S u
Only —> Only even words can be accessed

J Effective 24-bit PM Address

User
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’% PSV Addresging Examople

Data Space QO D 0

User Space

15 0

0

CORCON<PSV>=1

PSVPAG = 0x20 } ProgEA = 0x101000
DataEA = 0x9000
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o Data Access from PM
QQ@?‘” Using PSV

i-"r;r
Actual 24-bit Program Memory
23 | 0
00000000
8-bits " 16 bits Dy,

WORD access instruction
0x00 or OXFF > INStrUct

Vv Vv

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

— Upper 8 bits should be programmed for a NOP

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide



&
e

-
-

0*@

©

Q@ Defining Constants for PSV

#;Define constants 1n PM
e char ConstData[]  attribute  ((space(psv))) = {1, 2, 3},

What is the “space(psv)” attribute?

— Read only section dedicated for use In
PSV window

— Linker will not allow read-only section
to cross PSVPAG boundary

e Boundary =32 KB

When the linker assigns PSV space, how to
load PSVPAG

e PSVPAG = _ burltin_psvpage(ConstData) ;
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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 a common
data/program address space (Von
Neumann) but only when needed

e Example:

— Large constant data for display
— Sine Table




y

@‘@ 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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POT
ICD2 connector
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uﬁh&»funvumuuuuunu

00000000000 J.J'J..c}—_)v—L
N
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o E14-
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Sz, Mol N

tonTcee

RS232 connector

z
(25
2 5

L

65797 |

LEDs
Switches
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o

&

&> 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
e To Do:
— Look into the Hand out provided

e EXxpected Result:

— The text file captured usin?
gy_er'(lj'ermlnal should match the array
efine
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Software Stack in Data
RAM

Ox27FE

Pushed Reg Stack

0x00 PCH Grows
PCL Towards

SRL PCH Higher
Address

0x800

Slide

61



Frame Pointer

Ox27FE

Local Variable? R Offset = 2
Local Variablel

Frame Pointer
PCH

Indicate
of Space re
(always even no.)
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Highly Optimized C Compiler
EEMBC industry std. Benchmarks, Automotive Suite
Relative Code Size

188%
. . . . . . 180%
16-bit Applications 32-bit Applications °
~ 165%
( 40KB COde) 0 (_., 50KB COde) 0
14g0p 152% 153% 153% 156%
136%
129%
118%
109% 113% 114% 114%
100% 100%
85%
3 - 3 :
(Q\
O S S & <« |19 o109 S & L
a | 2|9 O| | & © o = Of DI o ©
= = T| Q| o | | O = T| | 0| x| o
7 3| =2 ol T| o] |0 122 ol T o S| ©
S B Sl 818105918 o8 D BEH RSN =
N~ n N~ n o @) N~ N N~ N o
O 15! (7)) o) (7)) @ b 7p] <5 7)) (D)
5 | = > O O | Y| < 5 | = | c| 2| o c| o Y] c
Ll x| sl o o 9= Slels| x|l 2G| 2f 2 =
S | <| x| <| L|lx|L|F|E T | < || <| || L|F| E
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y

g@ File Register Addressing
®

“File Register” is a location in Data
Memory

e Memory address operand (13-bit)
encoded in the instruction

— Access “Near” (first 8 KB) of Data Space

e Useful to access Special Function
Registers (SFRs)




\;H‘

g@ File Register Addressing

e Example;
main()

{ mov xyz, WO
ULSTA = Xyz; mov WO, UL1STA

L
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é@‘% Register Direct Addressing

® Accesses the contents of WO - W15

— Supports both byte and word accesses

e Byte accesses will use the lower byte
of the specified W register

— Useful when data already resides in
W-array

— This addressing mode available to all
Instructions
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\;H‘

g@ Register Direct Addressing

e Example:
Int x, vy, z;

main() mov y, W1
{ mov z, WO
X =Yy t Z; add WO, wi, WO
} mov WO, X
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@g@ Register Indirect Addressing

e W register used as a pointer to memory

— The contents of a working register form an
Effective Address (EA)

— Provides accessibility to entire 64 KB of
addressable memory

— Supported by most instructions

e Allow indirect byte-wide accesses

— The source operand and the destination can be
Indirectly addressed in an instruction
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®© Register Indirect
(0 Addressing

e Example:
int *p, *q, r;

main() mov p, W2
{ mov g, W1
*n = *g + r; mov r, WO
y add Wo, [W1], [w2]
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&Y Register Indirect Addressing
with Post/Pre-Modification

e Instruction accesses data first and then
updates the Pointer, in the same cycle

— Effective Address (EA) is the contents of the W
register used as a pointer

-
% a-
Ly
i

’*»,.
"f"?

— Post-modifies the address pointer by
e 1in byte-mode instructions

e 2inword-mode instructions

— Post/Pre-modification can be applied to both
source and destination pointers




-
s
&

&> Register Indirect Addressing
<’  with Post/Pre-Modification

&

e Example:

flong Int I, m, *n;

main() mov n, WO

1 mov m, W4

I =m+*n; mov m_high, W5

¥ add W4, [WO++], W2
addc W5, [wWO--], W3
mov W2, |

mov W3, 1 high
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Immediate Addressing

1-2:%4
s-.{_ﬁ‘
(%>
L‘Ji'r " i :
7
E

e A literal operand is specified in the
Instruction

— Literal may be up to 16 bits depending on
the instruction

e MOV instructions allow a 16-bit literal

— Literal may be supplied in both byte and
word mode of the instructions

— Literal operand is available to most
Instructions
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\;H"

fg@ Immediate Addressing

e Example:

int x, Vy;

main() mov y, WO

{ mov #0x500, W1
X =y + 0x500; add w0, W1i,WO
} mov WO, X




A%, Register Indirect Addressin
9‘%‘ : with Register Offset :

e EA is formed by adding two W registers

— Contents of the two W registers do not
change

— Useful in stepping though tables stored in
memory




& Register Indirect Addressing
(o4 with Register Offset

e Example:
const char al];
char b, c;

main() mov a, W1
1 mov.b b, WO
¢ = albl; se.b WO, WO
¥ mov.b [W1+wO], WO
mov.b WO, c
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., Register Indirect Addressing
with Literal Offset

e Effective Address is formed by adding
the contents of a W register with an
Immediate literal operand

— Contents of the W register does not change
— Only allowed in the MOV instruction

— The literal offset has the following range:

e Even values intherange [-1024, 1022], when
using MOV instruction in word mode

e Any valueintherange [-512, 511] when using
MOV instruction in byte mode
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..‘,@@ Register Indirect Addressing
’ with Literal Offset

;. i-"r“;?

e Example:
main() mov [W14+8], WO
{ mov [W14+4], W2
long Int I, m, *n; mov [W14+6], W3
I = m + *n; add W2, [WO++], [W14++]
¥ addc W3, [WO--], [W14--]
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Interrupt Architecture

Interrupt
TRAPS Controller CPU
o 21> ——
© O 7
& 2 l _} / CPU 7
Interrupts Interrupt >
7 0 - E
. D&
Q 7 O =
Qo 11 o
-% © 4? Address > al
= > | T -
o= cZ*'cS' = Vector 0
Q2 o Address
. a
() :
0
-
0 117
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& VT / AIVT

Q Highest
‘ﬁ Priority 5500 RESET Vector 0x100

0x02 Also used for RESET 0x102
0x04 Reserved 0x104
0x06 Osc. Fail Trap Vector 0x106
0x08 Adrs. Err. Trap Vector 0x108
Ox0A Stack Err. Trap Vector | [0x10A
0x0C Math Err. Trap Vector 0x10C
OxOE Reserved Ox10E
0x10 Reserved 0x110
Ox12 Reserved Ox112
Ox14 Interrupt O Vector Ox114
0x16 Interrupt 1 Vector 0x116

MV N/AREEEE

| OXFC Interrupt 116 Vector Ox1FC
Lowest | OXFE Interrupt 117 Vector Ox1FE

Priority
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& AIVT Advantage

e |IF “conditionl” is true goto “application”
e Else goto “debug”

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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Interrupt Priority

~ — CPU has 16 priority levels
e Level Oisthe default CPU level (main)

@ Levell-7foruserinterrupts
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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@‘@ Interrupt Nesting Example

RETURN
L7 |||||||||||||||1|||||||||||||||||||||||||||||||
L7INT ! RETURN*
L4 Lrrrrryrrrrrrrrrrrrrrrrrrrrrrtrrrrrrrrrrere
A
RETURN
\ 4
L1 |||||||||||||||||||||||‘|||||||||||||||||||||
A y
L4 INT L1 INT

n \ 4

malnol—olllllllll||||||||||||||||||||||||||||||||||||

|:| 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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Traps

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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@Q@; Error Traps

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 yourpown
error trap handler

Il Program Memory

Address
oooao oto
ooooz p
oooo4g efaultInterrupt
ooode OkcillatorFail
oooas AidflressError

Dizassembly

reset

Il Program Memory

Address | Opcode

(mInjuinpy St
OO051E 000000 nx 0000C  MatNError
pDO0Sz0 000000 n OO0O0E  Def
o0&z 2 FEOOOO _pefaultlnterrupt reset ao0io _Defaultlnterrupt
A05z4 FFFFFF 8] kS o001z DefaultInterrupt
0052 e FFFFFF nopr -

00014  DefaultInterrupt ..

Opcode Hesx | M achine || Symbolic PS5 Mixed | PSY Data | Opcode Hex | Machine || Eymboic || PSY Mired | B
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@é@ Configuring Interrupts

IECO: 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 0 000: Disabled

| ‘ INTOIP |~ 001: Priority 1 Interrupt
010: Priority 2 Interrupt

011: Priority 3 Interrupt

100: Priority 4 Interrupt

101: Priority 5 Interrupt

110: Priority 6 Interrupt
111: 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
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DS

($ 4 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;

e ISR must clear the Interrupt Flag
—~  IFSObits.T1IF = 0;

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
device, which can be found at
\\....\microchip\mplab c30\support\gid

é{} Interrupt Service Routines
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@g@ 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, shadow))
_ADCInterrupt(void)

void ISRFAST _IClinterrupt(void)

int _ attribute_ ((shadow)) FastFunc(int Abc)

— Saves WO0-W3 and SR bits with push.s and
pop.s
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@Q“% 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 Hand out provided

e Expected Result:
— Look into the Hand out provided
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PIC24F Family Block Diagram

16-/32-bit Timers

WDT / Pwr Mgmt.

Memory Bus 500K sps A/D,10-bit
U
D
Interrupt = GP 1/0
-y
@ UART - 2
D
v/ 2C™ - 2
c
w
SPI -2
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16-/32-bit Timers

WDT / Pwr Mgmt.
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dsPIC30/33 Family Block Diagram

S

16-/32-bit Timers

WDT / Pwr Mgmt.

Interrupt & GP I/0
j=4 UART -2
®
Q [2C™ - 2
W
(-

W SPI -2
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/O PORT

&

9* A
< I}f
.*"IF

15

PORTA
Function

Slide 96
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4
-
s

y

P \

SO Digital 1/O Ports

Internal Data Bus
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&

PR
>
%@ Why do we have LAT Reg?
At Low Frequency or Low Capacitive Loading
A BSF PORTA,PINO; BSF PORTA,PIN1
Q4 i Q1 Q2 Q3
Voltage
Vy freeeremeesennnnes oo, S
= Qclks
V on PORTA,PINO
Port A Read in RMW Operation
At High Frequency or High Capacitive Loading
BSF PORTA,PINO: BSF PORTA,PIN1
t Q4Q1Q2Q3Q4
Voltage

VR

V on PORTA,PINO

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

e Use RMW iInstruction on the
LATch rather than PORTX:

— BSF LATA#0
— BSF LATA#1
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/O PORT
Open Dralr Control

o]
lI
)

X

S

ODCx

PORTX

0
% Function

7]
I

PINSs
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$®é§ Interfacing to 5V devices

e S5V tolerant input and Open drain
configuration simplifies 5V interface

+3.3V +TV
5V tolerant > CMOS |
input output
0 il\r/]lcd)rsain % CMOS Inputs
P > 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 5V

PIC24FJxxxx J

Load on S
Logic low Logic high || had off

| PIC24FJxxxx | I
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= Analog to Digital Converter
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@é@ 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

.
o
%
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PIC24F A/D

VR+

ANO

AN1

AN15
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’% 10-bit ADC - Block Diagram

AD1CON2<VCFG2:VCFGO0>

VR+
VR-
AD1CON2 Register

bitl5 bit8
| VCFG2 | VCFG1 | VCFGO [ — | —- ] esNA | - [ - |

bit7 bit0
| BUFS | - [ SMPI3 | sSMPI2 SMPI1 | SMPIO | BUFM | ALTS |
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f“g@ 10-bit ADC - Block Diagram

ANO

AD1CHS<CHOSA3:CHOSAO>

VINH
5 1) AN1
! (1) > VINL
| (O)VR-
AN15 X— AD1CHS<CHONA>
bitl5 bit8
AD1CON2 Register VCFG2 | VCFG1 | VCFGO | - | - | CSNA
bit7 bit0
| BUFS | —- | sMPIZ3 | sMPI2 | SMPI1 | sMPIO | BUFM | ALTS |
_ bitl5 bit0
AD1CSSL Register [ cssL15 [ cssLi4 [ cssLis | ... | cssL2 | cssLl | cssLo |
_ bit15 bit8
AD1CHS Register | CHONB | - | —- [ - | cHoSB3 | cCHosB2 | CHOSB1 | CHOSBO |
bit7 bit0
| CHONA | —- | — [ --- | cHosA3 | CHOSA2 | CHOSA1 | CHOSAO |
_ bitl5 bitO
AD1PCFG Register [ pPCFG15 | PCFG14 | PCFG13 | ............ PCFG2 | PCFG1 | PCFGO

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 107



Channel Scanning

ADCBUF Buffer

X—-o ANO ADCBUFO
MK—= AN2
B ANL3 INT
X—o -B . /’ _T
X—-o CHO
DX——-
E__o > +A
-A
DX——-
AN1
VREF-
bitl5 bit0
AD1CSSL Register | €SSL15 | €SSL14 | €sSSL13 [ ..., | cssL2 | cssLl | cssLo |
_ bitl5 bit8
AD1CONZ2 Register | veFG2 | VCFG1 | VCFGO | — | - | csNA | - | - |
bit7 bit0
| BUFS | —- | SMPI3 | sMPI2 | SMPI1 | SMPIO | BUFM | ALTS |
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10-bit ADC - Block Diagram

VINH

- VINL |
—_— AD1CON1<ASAM>
‘1 ‘O
Conversion

complete AD1CON1<SAMP>
Signal
_ bit15 I8
AD1CONZ2 Reglbster [ VCEG2 | VCFG1 | VCFGO | — | - | CSNA | — [ — | o
it7 it
| BUFS - | swmPI3 sMPI2 | sMPI1 | SMPIO | BUFM | ALTS |
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@g‘@ 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 0 Tap

AD1CON1
<SSRC2:SSRC0>

VINH

R-[VR+

V
INL | I RESULT
AD1CON1<ASAM>_ﬂ Conversion
complete Signal
AD1CONI1<SAMP>

AD1CON1<DONE>

Slide 110
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& 10-bit ADC - Block Diagram

¢

AD1CON3<ADCS7:ADCS0>

AD Clock
Postscaler —+
by 1to 64

Tcvl2 to Tcy/128 TAD

Fosc (2*Fcy) [

RCap

AD1CONS3<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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;. i'ge

Analog

Input

Mi\‘@ Acquisition/Conversion

Timing

o I R O_-I__

A
[ ] ..~_
at®
mn 0’.
L 4

‘;|||| ||||||| |||||| ||||||i A/D Clock

Acqjl{t{asrittion §<: :>§<: :>§ ConI\E/Z:jsion
Acquisition ! Conversion |
: Time | Time |
Iﬁ
A/D Sampling Time

© 2006 Microc

hip Technology Incorporated. All Rights Reserved. 203 PRC Slide 113



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
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fé‘g@ PIC24H/30/33 A/D

Al
avss DX

VREF+ m—
VREF- m—

VR+

VR-

ANO
v A 4
AN1
— —
AN31

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

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

— To read ADC and o/p on to LEDs
e o Do:
— Look into the Hand out provided

e Expected Result:

— The average pot value is displayed
on LEDs
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s Analog Comparator
< Block Diagram

CMCON<CXEN>
CMCON<CXNEG> | cpMcON<CxINV>

CMCON<CxOUT>

CX|N+&—EO\L V- k

— .
CxIN-D——= | . Cor% > ) ) T X CxOUT

Cx|N+M
| ; + CMCON<CxOUTEN>

|
CMCON<CxPOS>
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N Analog Comparator
<

Voltage Reference Generator

CVRCON<CVRSS?>
|
VREE+ D! CVRCON<CVR3:CVRO>
Aveo D = s8R
CVRCON<CVREN>[> | f RO
R[]
RI
RI CVREF
16 Steps {
RL] T <
R
| RO CVRCON<CVROE>

CVRCON<CVRR>

L ROONEERIC R SRR S
VREF-
g_.mo‘*\. 0 ((CVR<3:05)+8)"CVRSrci32
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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)
can make two 32-bit timers/counters
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’% Timer X

ADC Event TI MEIR]-
Trigger
Timer4/5 TSYNC DIMERS

B

) TCKPS<1:0>

TON

TX Int
Flag
TGATE %TCS

SOSC1
TXCKI

SOSC2

SOSCEN

<
Ao
= -
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’ég@ 32-bit Timer (T2+T3/T4+T5)

.
| I\
Write T —
TMR2/4 e TXCON<T32>

Read
TMR2/4

ADC Event

Reset
TMRE/5  TMR2/4: « m—
Trigger

(Timer 5 only) ¢ °

T3/T5

Interrupt
Flag

I
TGATE ?TCS

ol 2

T4ACKI

TCKPS<1:0>

*»+T3CON/T5CON SFRs
bits are ignored when
in 32-bit timer mode

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 123



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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& 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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Input 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

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 127



0

f@‘@ Input Capture

; ‘i.llv'w:‘-IL
Ca

TMR2 | TMR3
X Prescaler Edge Detection
1Cx 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 111: Input Capture functions just as an interrupt pin while
10: Interrupt on every third capture event in SLEEP or IDLE mode

01: Interrupt on every second capture event ~ 101: Capture on every sixteenth rising edge

00: Interrupt on every capture event 100: Capture on every forth rising edge

011: Capture on every rising edge
010: Capture on every falling edge
001: Capture on every edge (both rising and falling)
000: Capture module is turned off
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g@ 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




0

; ‘i.lI'P?:‘-IL
Ca

OCxRS

f®@ Output Compare

OCXxIF

Interrupt Flag

1

¥

OCXR

]

Comparator

Output S
> Compare R ° [:T o
| Logic

|

I

TMR2 | TMR3

()

Timer2/3
Period Match

A

X OCFA/B

OCM<2:0>
Mode Select

OCTSEL7/O—__1X

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
© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 131



Output Compare Module

e PWM mode

16-bit glitch-less (double buffered) PWM
output

Full range of O to 100% duty cycle

Wide frequency range

Selectable PWM shutdown on fault
detection

e Thisis an Asynchronous shutdown
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& OC PWM Mode

;. i'g\

PR

OCxR

OCx

e On timer period match

— OCXx set

_  OCXRS copied to OCxR OCXRS
e On OCxR match O%R

— OCx clear X
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UART Features

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

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 135



Word Write Word/Byte
Write UxMODE UXSTA
................................ — —— —
................................ —_—
. -Control Buffer
Transmit FIFO -Generate Flags
-Generate Interrupt
Load UXTSR
UXTXIF
UTXBRK ) Transmit Shift Register
DJ ) UXTSR
3G { = [
e (StOp) v
UxTX ) Parity | ~—16
I Generator Divider
UXCTs—PD
203 PRC Slide 136
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UxXTX

Word/Byte
Read UxMODE UxXSTA
.............. CRXE U)@REG Receive Control

-Generate Flags

-Generate Interrupt

-Shift Data Character

Load UxRXREG

A a a

v

ReceiveShift Register

UXRXIF

n
»

X} -
a
-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
© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 137



UART with CTS and RTS

e Controlled Transmission and Reception
— Simplex Mode
— Flow Control Mode

May | send | am ready am ready
|_something? to receive o receive

DTE

DCE DTE

16-bit [cTs i i CTs 16-bit
Micro : : : : Modem

X ore

CTS

Micro PC

Ok, go ahead
and send.

RS232 Transceivers RS232 Transceivers

Simplex Mode Flow Control Mode
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UART - I[rDA® Support

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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Two ways to connect LED

/O

=

Logic High =LED On
Logic Low = LED off

Vvdd

:

N/

/0O

Logic Low = LED On
Logic High = LED off

@‘% Optical Communication
O

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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@2@ IrDA® Mode Bit Encoding

UXTX
Data

UXTX

UXTX

‘O’ Transmit Bit

Hox paud /\f\f\f\/\[\/\f\/\f\/\f\/\f\/\f\f\/\f\/\f\
Clock : |

8th 11th

UXTX 5 g

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 Masior oF >|
Master Header Slave Response

SyncBreak SyncField IdentField Data Checksum
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LIN - Protocol

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

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

(0x55).
<+—— Message Frame Masior oF >|
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
ouffer
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o

&

*" g«ﬁ;} 12C™ QOverview
® 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

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 146



|2CTM

SDAX I2CxRCV(8-bit)
. 12CxMSK (10-bit)
Shift Clock /
Add. Match Detect [¢ 12CxADD(10-bit)
SCLx < I2CxTRN(8-bit)
D | shift clock
12CxCON(16-bit)
BRG < TCY/2 Control Logic
I2CBRG(9-bit) MASTER I2CxSTAT(16-bit)
MASTER Mode SLAVE
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%@ 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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A Embedded System Device
QQ? Networking

3V 3V




g*@} Embedded System Device
(o Networking

3V 3V

e Eliminate external 12C™
devices
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Address Masking Example

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

e Inthiscase ADMSK

7:1]=0001011

A7 | A6 AS

X

A3

X X R/W=0] ACK

All addresses that will be ACKed:

e A7.A6.A5.0.A3.0.0
e A7.A6.A5.0.A3.1.0
e A7.A6.A5.1.A3.0.0
e A7.A6.A5.1.A3.1.0

A7.A6.A5.0.A3.0.1
A7.A6.A5.0.A3.1.1
A7.A6.A5.1.A3.0.1
A7.A6.A5.1.A3.1.1

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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4-wire interface

SCK
SDO

MASTER -

SS

SCK

SDI

SDO
SS

@é@ SPI - Overview

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

SLAVE

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

Buffered Transmission and Reception

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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SPI

Pre- )
Q‘_ scaler | FCY

éCKx
SSx

Sync Clock Select
EZl‘ IControl Control Edge
SDOx
X<

\I J
SDIX SPIXSR

<=

¥ T

8-Level FIFO
(Enhance Mode)

!

SPIXBUF

Clock Enable

MASTER
SLAVE

PIC24F devices
utilize FIFO.
Other 16-bit

devices can use
DMA for data

transfers
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<

4 oCKP: Clock Polarity Select

SPI Clock

e 0O: Idle State of CLK is LOW
e 1: Idle State of CLK is HIGH

oCKE: Clock Edge Select

e O0: Transmit data on Idle to Active Edge
e 1. Transmit data on Active to ldle Edge

PPRE

1,4,16,64

SPIXCON Register
bit15

SPRE

bit8

| - | FRMEN | SPIFSD |

| DISSDO | MODE16 |

SMP

| CKE=1 |

bit7

bit0

| SSEN | CKP=0 |MSTEN=1|

SPRE<2:0>

PPRE<1:0>

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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SPI - Serial Clock Formats

SCK | | | | | | | | E (@)
. E | | | | | | | | N
SCK | | | | | | | | E (c)
SCK é | | | | | | | ; (d)

1 1 1 I 1 I 1 1
' Bit7 ! Bit6 ! Bit5 ! Bit4 ' Bit3 ! Bit2 ! Bitl ! BitO

SDO
(0x69

———~(b) and (d)

(2) CKP =0, CKE =0 (c) CKP =1, CKE =0 (d)CKP=1,CKE =1
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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
v SPIBUF | = DATA
6

5

4

3

2

1

0 SPISR CRPTR CWPTR SWPTR

Data OUJ <—|pata IN
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Powering CPU
PIC24FJ, PIC24HJ, dsPIC33FJ

@-%4*-
N
r%%
,_3% G
H"":-
h"*e.-

e Internal on-chip regulator

— 2.5V nominal for the CPU 3%\/
— 3.3V nominal for the 1/0 and o [Ved
peripheral voltage | VREJ i
e Low ESR cap required %C"””""Regulamri
— 10pf recommended o Lo i
e VREG Control pin (PIC24F) | ECPU ;

— Enable/disable the regulator
‘ BOR b e e e e |




Power Management

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 pwrsayv instruction
e SLEEP
e IDLE

— DOZE mode
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Power Management

e EXxiting 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

© 2006 Microchip Technology Incorporated. All Rights Reserved. 203 PRC Slide 161



‘%g@ Clock Sources

Primary Oscillator

EC Clock
OSCI :

in éT’HSI Post | CPU Clock
] : rystal |+ —
’ : 4x Scaler
_|_ .
OSCO
Fast RC Post Peripherals Clock
8.0 MHz Scaler
Low Pwr RC
32KHz
SOSCH | aokHy
- |Scondan
OySSCa
SOSCO
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Primary Oscillator

(> EC Clock [ ¢

XT.EC.HS[ 45 pLL XTPLL,

"L i | Crystal OSC
OSCO

| 32KHz
Secondary
| Crystal OSC

SOSC

e It i1s 4x PLL only in PIC24F. In other 16 bit controllers
It can be configured into 4x, 8x or 16x PLL
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@g@ Clock Sources

CLKDIV<RCDIV2:RCDIV0>

) |
Fast RC | FRC POStha'er’ " |5 |FRCDIV 4% prp |FRCPLL
8.0 MHz y = (+1or
1,2, 4,8,16, 32, |- +2)
64 or 256

Low Pwr. RC |LPRC
32 KHz
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@g@ Power Saving Technology

® On-the-Fly Clock Switching

FRC + PLL

LPRC FRC

POSC SOSC

POSC + PLL

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

e Instruction-Based Power Saving Modes

— Sleep
— ldle
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XT, HS, EC
HSPLL,ECPLL

FRC

FRCDIV

FRCPLL

LPRC

SOSC

Doze Mode

CLKDIV<DOZE2:DOZEO>

PostScaler | —
By & CPU Clock
1,2,4,8, 16,
32,64, 128 | (
CLKDIV<DOZEN>

Peripherals Clock
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@éﬁ 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 Fail bit, OSCCON<CF>
Clear the Osc FAIL trap flag, INTCON1<OSCFAIL>

O
e Switch to required Clock Source form FRC
e Execute a RETFIE
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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 theresets 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
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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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@  We discussed about Architecture overview

Summary

16-bit Architecture
Programmers’ Model
Addressing Modes

Interrupt Handling and latency

e Discussed about Basic Peripherals

/O Ports
ADC

Comparators, Voltage Reference
Timers

Input Capture

Output Compare & PWM

USART

|2CTM

SPI

e Special features of 16-bit microcontrollers

Oscillator and power saving modes
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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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@Q:‘ References

o PIC24F, PIC24H, dsPIC33 F
Datasheets

e PIC24F family reference manual

e dsPIC30F family reference Manual
e EXxplorer 16 User’s Guide

e C30 Compiler User’s Guide

e Other 16-bit Courses
— 204 ADV: Advanced 16-bit peripherals
— 104 DSP: DSP Engine and Libraries
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registered trademarks of Microchip Technology Incorporated in the
U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM, dsPICDEM.net,
dsPICworks, ECAN, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, Linear Active Thermistor,
Mindi, MiWi, MPASM, MPLIB, MPLINK, MPSIM, PICKkit, PICDEM,
PICDEM.net, PICLAB, PICtail, PowerCal, Powerinfo, PowerMate,
PowerTool, REAL ICE, rfLAB, rfPICDEM, Select Mode, Smart Serial,
SmartTel, Total Endurance, UNI/O, WiperLock and ZENA are trademarks
of Microchip 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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