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Mnc§ocmp MCU4101T Abstract

Regional Training
Centers

e PIC32MX 32-Bits MCUZRIE IR,

e Development Toolsf& 7T

e PIC32MX Configuration BitsHYEX%E o

o EAKNIOEFIEAHNITHEENFEE -

o PIC32RETZRME M2 HI 7,

e Core TimerfY MR A,

e General Purpose TimerfY T 4R EE{E
e PMP ModuleBI ST #EEEEF

e ADC ModulefV ST #REEE A,

e Serial Communication Module YT #R B2 A, (optional)
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MICROCHIP MCUA4101T Exercises

Regional Training
Centers

e Labl Basic 10 : E7XHY10$% #l| EESystem
Performances

e Lab2 Timer : Core TimerE&G. P. TimersBY 3zl
e Lab3 PMP : Parallel Master PortB9 322 #l,

==\

e Lab4 ADC Single : ADCEE & B ERER HY 22 41,

e Lab5 ADC Scan : ADCZ B E R EHl,

e Lab6 Timer Trigger ADC : ADC Timer & 3% M ISREY
2R

. Lab7 UART Rx Interrupt UART?“%'JEI’JDemo
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MIPS and PIC32 Introduction




=X
MQHP M|P532® M4K® Core

R aaining and Microchip Enhancements

e The MIPS Engine
— Up to 80 MHz M||=S
— 1.56 DMIPS/MHz measured TECHMNOLOGIES
— 32 32-Bit Core Registers with eMIPS32° M4K® Core

Shadow set

— 32-Bit ALU, Single Cycle MAC n -

e Microchip System Enhancements I '”T“ I N
Embedded Performance :
— 256 Byte Pre-fetch Cache -

— Low-latency Vectored Interrupt Control|| -execution unit
— Bus Matrix for Parallelism

e Debugging {
— Hardware Trace with Debug Support «Co-processor 2 . REITAG On-chip
— JTAG and Boundary Scan rintertace B
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MicRocHP PIC32’s Key Features

Regional Training
{144444944444444444

Centers
Integrated Connectivity

Peripherals for fast cost

32-bit MIPS M4K® Core,
effective operation:10/100

Harvard Architecture,

Single Cycle Hardware MAC, 3: NMIFPSS M4k 32-bit Core e o YL IR
Fast Interrupts & Context : * 80 MHz, 1.5 DMIPS/MHz ’ ’ :
Switch. + 5 Stage Pipeline, 32-bit ALU :
RMIMII
— ? Direct Memory Access

‘ ﬂ o c“?zf""’ Ethernet - Controller, With Integrated CRC,
High Throughput Bus Matrix, | e Module Operates in Idle Mode.

. 2Ch.DMA  4Ch.DMA  2Ch.DMA

which Supports High Speed
Concurrent Access to
Memories and Peripherals.

Compatible with Microchip
Development Tools
MPLAB® ICD 3, MPLAB REAL
512KB 128-bit wide 3 gt 512KB 128KB ICE™, PICKit™ 3, PM3

Self-programmable Flash, ‘ Cache e
Predictive Instruction Pre- :
fetch, 256 Byte Lockable Single 2.3 to 3.6V Supply
Cache128K RAM. ol el T B (S ) U IS ! Power On Reset,
3 Output . ? Brown Out Reset,

Parallel 10-bit Capt C Ti . i "
Fort ADC a:)s;: a Pm?; '?;rs ! : Low Voltage Detection

Analog - : 5
Comparators i Rich Integrated Analog

and Digital peripheral set,
Compatible with 16-bit
PIC® Microcontrollers

16-bit Parallel Master Port,
Connect SRAM, Flash, QVGA
LCDs or other Peripherals.
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" PIC32 Memory Architecture
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MICROCHIP PIC32’s Memory

Regional Training

e PIC32E/\ KT RUTTHERERBEATR, PIC32EAEHE
EEREE BUENERCIERE ESRE MRS K — KRRV IE
BB EER,

e LICPUREERGERER TERENKLERE EXRIEE 135K
Thee T EReEE HcPURE R 2 MU ARG, FE S = &84
&,

e RTCPULEBRIERENAEGFTINERIN HMWEEMDMA
Z NUEREERNAEFIESR,
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MicROCHIP PIC32’s Physical Memory

Regional Training
Centers

° P|C32EI‘J§§%§E'|%E%EEIEQD }Eﬁ- Physical Addresses
To FTEHEIAEEFE B 12K Bytes Boot Flash
HY Boot Flasho Ox1FC0:0000 g
e REBAREEIEDHIHEE32K~
512K Bytes T2 HY User Flash & SFRs
8K ~ 128K Bytes NZEHY RAM o OX1F80:0000 —»
o Ex AJEZEE AlIE4G (232) Bytes,
ERFEAHSEEEA 512M User
Bytes o 0x1D00:0000 - Flash
o BEENEFEIEA Memory
Mapping IOBY 56
RAM
0x0000:0000 >
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MICROCHIP

Regional Training

PIC32’s Virtual Memory

Centers

Kseg3:JTAG ST EIEA,
Kseg2: R fEF BT,

Ksegl :#%/Ur(Kernel) AR =, A] /7 HY
@i, R IREVE S (Non-
Cacheable),
Kseg0:#% /0> (Kernel )& =\, A] 17 EY
=i, 2L EREE
(Cacheable),
Kuseg:#%/Uv(Kernel) B2 {5 F &
(User)#=2 3\ o] FEX[Z 15,

B KEHU ZEE A4G Bytes , B &l
{E£Kseg0, 1 A]{E A

Virtual Addresses

0xE000:0000

0xC000:0000
Non-Cacheable

0xA000:0000
Cacheable

0x8000:0000

0x0000:0000

Kseg3

Kseg2

Kuseg

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0

Slide 10



"X
MQHP

Regional Training
Centers

Fixed Mapping Translation

0x8000:0000

0x2000:0000

0x0000:0000

Physical Addresses

/

_

_>

_>

/

////

Kseg3

Kseg2

Kuseg

-

Virtual Addresses

0xE000:0000

0xC000:0000

0xA000:0000

0x8000:0000

0x0000:0000

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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[ ]
Mcroctir  Kseg(, Ksegl Memory Mapping
Regional Training
Centers
Physical Addresses Virtual address
0x1FC0:0000 Boot Flash | _ 0XBFC0:0000
0x1F80:0000 SFRs <—  OXBF80:0000
User Flash
0x1D00:0000 - 0XBD00:0000
0x0000:0000 RAM - 0xA000:0000
0x1FC0:0000 Boot Flash | _ 0X9FC0:0000
User Flash
0x1D00:0000 - 0x9D00:0000
0x0000:0000 RAM - 0x3000:0000

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MicRockiP Memory Pointer
Physical Virtual ° na %ﬁ_*&*ﬁ ;‘% %i |_&I_ FEﬁ
Boot Flash B R S T R
EHIoENEEZEE,
S For Example:
e o unsigned char *Pointer1;
Iong *Pointer2;
' - TEEZSHHIZEM rom
::‘:; j?, psv NE &,
e MPLABC32 IEEERE A32-
Bit, A] JE 31k 22 FsﬁZE_,ALG
RAM Byteso BalR# REAES]

Ksegl,KsegOo
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MicRoCHIP MBLAB C32’s Boot flow-1

Regional Training
Centers

1.Reset & PC Bk Z Ksegl B9 Virtual address

Boot Flash (OXxBFCO_0000) #11T [ - Boot Flash | _ OxBEC0:0000

2.Ksegl H1#22l Kseg0 RY . SFRs OXEFE0:0000
Boot Flash (Ox9FCO_0490) 1T
@PC = 0x9FC0:0000 + offset User Flash
(1168 = 0x490) - 0xBD00:0000

RAM

: Addeess | Virtual | Opoose Dimassswhly & - OxA000:0000 -
1D07_FFFO FFFFFFFP £a,-1(ea)
D07 _FFF4 FFFFFFFF g ca,~dfzm1) W0 ( 0 e o ________
1007 _FFF8 FFFFFFrr d re, =1 {cm)
1007 _FFFC FFFFFFEF ,~1ira) -—> Boot FIaSh
= T o - 0x9FC0:0000
1FCO0 0000 BFCO 0000 3IC1ASFCO k0, 0x3fch
SOV GEE EFCO D004 27540490
iFCO_0O0g BFCO_OO0DE 03200008
1FCO0_000C BFCO_000OC OOO00DO0OD
1FCO_0010 FFFFFFFF
1FCO0_0014 FFFFFFFF
iFCO 0018 FFFFFFFF
'IF1'|'I_I"I|"|'1F FFFFFFFF User FIaSh
<
< .
e 0x9D00:0000
- 0x8000:0000 -
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MICROCHIP

MBLAB C32’s Boot flow-2

Regional Training
Centers

3.723\ £ KSEGO HY Boot Flash
ER BRI IT C32 WAIIRERE.

Address | Virtual opcode | Disassembly

lFCD_I:I-'lﬂq RRERERER
1FCO_0488 FFFFFFFF  =d £n, =1 {£a)
1FCO D48C FFFFFFFF =ad ra,=1{Ea)

ETGOIREEDN 5FC0 0490 40146000 ,Status
IFCO 0494 SFCO 04584 7F5A04C0  ext I, kO, 19, 1
1FCO_0D498 EI}'CEI'_D‘JQS 13400005 beg 0, zero,; 0x 1]
1FCO_049C SFCO_D4SC  0000DO0O0  nop
IFCO 040 SFCO_04A0  3C1ASDO0  lui 0, OxS400
i'FCD_EI-'Ikli QFCIZI_D'H.-'I 27540488 addiu ko, kD, 1160
IFCO_O4k8 SFCO_O4AS 03400008 3o k0
1FCO_04AC 9FCO_09AC Qooooooo0 nop
1IFCO_D4B0 SFCO_O4B0  3CIDADDZ  lud ap, 0xa0nz

2 1FON N4Rd QFCN NaRd ATADONNN mrlrdin =n .m0 .

-

Dista View | Code'View

Boot Flash

Virtual address

SFRs

User Flash

RAM

Boot Flash

User Flash

RAM

- OxBFC0:0000
<—  0xBF80:0000
- 0xBD00:0000
- 0xA000:0000 -
- 0x9FC0:0000
- 0x9D00:0000
- 0x8000:0000 -

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MicRoCHIP MBLAB C32’s Boot flow-3

Regional Training
Centers

4 XN EBE KSEGOH Virtual address

Program Flash (0x9D00_0000) BootFlash | . -:i0.0000
HITAZBIEA main() .

SFRs <—  OxBF80:0000

[]

| hddress Vircual | Opeode | Label Dims &
D001 FFDC ADDL FFDC C47OCAFD 1wl 1
DOO1_FFEOD ADD1_FFEQ S1770410 Begl £3 User Flash
0001_FFE4 AOD1_FFE4 AABADDS3 swl kD -¢ .
0001 FFES ADO1 FFES EC17ACDD ravd 0xBD00:0000
D001 FFEC AODL FFEC 55961770 bnel r4
DO01_FFFO A001_FFFO 653073DD daddiu =0
D001 _FFF4 ADD1 FFF4 1AZFEESS blez a1 RAM
0001 _FFFE ADOL FFFS  000000OO nop . -
0001_FFFC ADO1_FFFC 90000008 lwu e - OXAOOO'OOOO
Program Memory

1000 0000 SDO00 0000 OF400006 Jal THE B 202090909090 | =sc==scssscsssossosssoossoss
1000_0D04 SD00_0004 00000000 nop Boot Fla sh
1D00_0008 SDO0_0008 OF400116 jal 0% - Ox9FC0:0000
1p00 000 9Dpo0 000C 00000000 nop
1D00_0010 9D00_0010  1000FFFF beg e
\D00_ 0014 SDOD 0014 00000000 nop

CABVINIGLICE 2000 0018 27BDFFAD addiu
1000 001C 900D DO1C  AFBFOOSC =u ra
1D00_00z0 SDOD_00Z0 AFBEQOSS =y =8
1D00_0Dz4 SDOO0_00Z4  O3AOFO21 mddu o]

@ 1000 D0ze 9DOD 0028 24020055 addiu v User Flash
1D00 0DZC SDOD O0DZC  AFCZOD10 =u v
1DO0_0D30 SDO0_0030 3CO4BFS1 lui b -—> - 0x9D00:0000

< »

I Diata View | Code View

RAM

- 0x8000:0000 -
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MicROCHIP MPLAB C32’s Linker Script

Regional Training
Centers

e MPLAB C32iEiBLinker Script(*.1d)Rig A FEMCURECIEEE K
N, EBBNNEREZZEH.,. SEPIC32 MCUEREEEBHN

Linker Script RESET_ADDR = 0xBFC00000;
(p rocdefs. |d) ° BEV_EXCPT_ADDR = 0xBFC00380;

, DBG_EXCPT_ADDR = OxBFC00480;
— [ =] == DBG_CODE_ADDR = 0xBFC02000;
° IR N =T HE DBG_CODE_SIZE = OxF):=0 ;
g EE} Linker Scri Pt | _GEN_EXCPT_ADDR = _ebase_address + 0x180;
Y, BRIEBIFIRIE | vemory
N) / FO —& {
FH , M Z EE E&/EE :_Etﬁ% kseg0_program_mem (rx) : ORIGIN = 0x9D000000, LENGTH = 0x80000
oy & B Y B E’ ksegd_boot_mem : ORIGIN = 0x9FC00490, LENGTH = 0x970

exception_mem : ORIGIN = 0x9FC01000, LENGTH = 0x1000
@J ZZU :Bootloader EII‘J ksegl_boot_mem : ORIGIN = 0OxBFC00000, LENGTH = 0x490
JE FH debug_exec_mem : ORIGIN = 0xBFC02000, LENGTH = OxFFO
ver/ 1] o ksegl_data_mem (w!x) : ORIGIN = 0xA0000000, LENGTH = 0x20000
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PIC32 Cache and Pre-fetch




ﬁ{?
mcrocwe  [nstruction Prefetch and Cache

Regional Training
Centers

o PIC2EHREVN: FAIRENEESI, o] LAfE 5 18 S AN Fr e E /Y B,
REEWE,
o FHIREN(Pre-fetch)¥ &l v] [a] BFIREN128-Bit & ¥, A ## 52 A 41 32-
Bitig T B 8{E16-BitIE o

o PIC32HYTREX(Cache)iEBA TS Coche Flash
#R(Line), = AH EAHH =\, 0] [E] A XA
226 Byteﬂgﬁﬂq Pre-fetch

e PIC32HY ﬁHﬂ%%ﬂ% \EQIEEEQEEEI\J’ 128-Bit

Wait State EIJEE%EUEﬁj( CPU <:| <:|
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Mlcl§cmp Effect of Prefetch Cache

Regional Training
Centers

o HABAMMNHITHREESARKIELL SARBR,URHE,

o EFRLEARFlashWVFEURE S LR Ecpu,E L AE M EWait
State R 32 iR, E BN X Z IR,

o I FIREN1E S AT LAYE AFlashEECPURY HR AT, B K Wait Stateis BX,
MEZREHEERSEEUE,

\

J%Ideal
§ —Cached
2 ///\/<%Non-Cached
gf / \—
m\\H\HHH\HH\HH\HHHH\H\HHH\HHHH\HH\HHH\HH\HH\
0 10 20 30 40 50 60 70 80
Processor Speed (MHz)
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PIC32 Co-processer
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MicROCHIP PIC32’s Co-Processer 0

Regional Training
Centers

o MIPSEF1H[EERIE 5 &I, FTEMIPSER S B CPO(Co- Processer
0)o

o CPOEEINeERAMMIPSHIAHREEZARREER TE, MIPSIREXAY 128 H, IE
BEC BB AME, % F (Shadow) T ZEs B, HIA R P BT =&l
BREEFEFIE, BINERME —E32L TTHI O ETEFES Core Timer,
HREAIPETRER

o HHACPOMIEFZ ThAEEEREAMIPSHYIE &I S E4EEE, FaIfE=E
B, AtCPORNZPRNEFEE DT AWML,

o —HHAEH(Control)E1Fes, LT F N AEBCPURASIE 17
5T BEFHL

o Z—HAIFEABEHA (Genera)E1Fes BT FES AL —A%EEE
B 17 HY, Frd sl A B EBCPUR P E F251FHL
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' PIC32 Series Introduction




Y PIC32MX3 Series

MICROCHIP
Regional Training General Purpose
Centers
N
Flash RAM DMA 16-Bit Timers
32-128K 8-32K 0-4Ch.
=~ Watchdog
| Cache,Prefetch | ‘ ‘ ‘ ‘ X
== 10-Bit ADC,16 Ch.
< High Speed Bus Matrix X GP1/0
}E Ins@;@on 3
o UART * 2
32-bit ALU Vectored S /N 12C™ * 2
5 stage pipeline Interrupt Ctrl j§_ W
& SPI™ * 2
32-bit HW 32 Core - -
MUL / DIV Registers Cap/Com/PWM * 5
Shadow RTCC
JTAG .
Resisters Analog Comp- 2
Vreg POR BOR LVD L ] PMP16-Bit Data

PIC32MX3 R I BB ZE B EEPIC24F R 5 4H
MIPS,PMPHY Data BusiE /& £ 16-Bit,

], M 38 % /O cU B A

Slide 24
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T
Y PIC32MXA4 Series

MICROCHIP
Regional Training U S B 2 . 0 OTG
Centers
N
Flash RAM DMA 16-Bit Timers
32 -128K 8-32K 0-4Ch.
=~ Watchdog
| Cache,Prefetch | ‘ ‘ ‘ ‘ X
< = 10-Bit ADC,16 Ch.
High Speed Bus Matrix GP1/0
s —
0 UART * 2
32-bit ALU Vectored 'i—: /—\ 12C™ * 2
5 stage pipeline Interrupt Ctrl @ W
S SPI™ * 2
32-bit HW 32 Core 3 -
MUL / DIV Registers Cap/Com/PWM * 5
RT
ITAG Shadow €
Resisters Analog Comp- 2
Vreg POR BOR LVD PMP16-Bit Data
USB OTG
N

PIC32MX4 R FI BB ZE 4B EAPIC24F R FI AH [E] 'f&ﬁ*ﬁ/bﬂﬁzﬁé%
MIPS,PMPHYData BusiE & A 16-Bit, M il AUSB OTGIH&EE,

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0
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T
Y PIC32MX5 Series

MICROCHIP
Regional Training ECAN.USB OTG
Centers )/
Flash RAM DMA *
512K 128K 8 Ch. A iClC
Gereem] | R @h.. ?h.
Cache,Prefetc DMA 4 Ch. DMA 2Ch.
~ _~
High Speed Bus Matrix >
= i
32-bit ALU Vectored 16-Bit Timers * 5
5 stage pipeline Interrupt Ctrl Watchdog
MUL / DIV Registers
GP1/O
Shadow %}
ITAG Resisters é, UART * 6
©
E /—l\ |2CTM * g
Vreg POR BOR LVD S \—/]
E SPI™ * 4
N k-4
PIC32MX5 R 50 BEPIC32MX3,4F Cap/Com/PWM * 5
5 Z8 48 18 1N A 3E Z WY Flash,RAM E& RTCC
N = /\ =
DMA Channels, BANTHIEEE %, Analog Comp- 2
L)
36 HI AECANEEUSB OTGZhEE. PIeB Dot
NS
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T
Y PIC32MX6 Series

MICROCHIP
Regional Training MAC.USB OTG
Centers )/
Flash RAM DMA
512K 128K 3 ch. USB OTG 10/100 MAC
e = = >
| Cache,Prefetch | ‘ ‘ ‘ ‘ DMA 2Ch. DMA 2Ch.
S _~ % % % %
High Speed Bus Matrix >
ot i
32-bit ALU Vectored 16-Bit Timers * 5
5 stage pipeline Interrupt Ctrl Watchdog
MUL / DIV Registers
GP1/O
Shadow %}
ITAG Resisters é, UART * 6
©
E H |2c-rm * 5
Vreg POR BOR LVD S \—/]
o SPI™ * 4
o
N k-4
PIC32MX6 R %I /R BEPIC32MX3,4 R Cap/Com/PWM * 5
5 Z8 48 18 1N A 3E Z WY Flash,RAM E& RTCC
N = /\ =
DMA Channels, BT HEE F %2, e
2
36 HI AMACEZUSB OTGIHEE, PIeB Dot
NS
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PIC32MX7 Series

MICROCHIP
Regional Training ECAN.MAC.USB OTG
Centers ’ )/
Flash RAM DMA
512K 128K 3 ch. ECAN * 2 USB OTG 10/100 MAC
I h4}f h | \ \ \ \ o ch. | 4>Ch 4>Ch
Cache,Prefetc DMA 4 Ch. DMA . DMA .
G ] ) ]
High Speed Bus Matrix >
= e
32-bit ALU Vectored 16-Bit Timers * 5
5 stage pipeline Interrupt Ctrl Watchdog
MUL / DIV Registers
GP1/O
Shadow )
ITAG Resisters é, UART * 6
©
th /—l\ |2CTM * g
Vreg || POR || BOR || LvD S \—/]
k; SPI™ * 4
PIC32MX7 R 52 BEPIC32MX3,4R Cap/Com/PWM * 5
5 Z8 48 18 1N A 3E Z WY Flash,RAM E& RTCC
DMA Channels, BFANT HEHE F %, Analog Comp- 2
I i1 AECAN,MACEZUSB OTG, SPIeBT Do
N

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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Development Tools




o |
MICROCHIP MPLAB IDE Introduction

Regional Training
Centers

e MicrochiplR B S A FRIRIE, X &S R FI8-Bits, 16-Bits &
32-BitstIMCU., FREMMCUER AE BRI M IRIE R 2,

e AESEZAMIAZESS/IRZES(MPLAB C, Hi-TECH C, etc.),FiZ T
B (PICkit3, ICD3, Real ICE, etc..) o

FErr ] P X [

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0 Slide 30
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MICROCHIP MPLAB IDE Introduction

Regional Training

Centers
# blink - MPLAB IDE vB.10 - blink.mcw CEX
File Edit Wiew Project Debugger Programmer Tools Configure  Window  Help
v b iR S ug vl o & Checksum: Dxf7djs et == -
D@k B = ? ‘ |Deb ol a2 ] ecksum B LEx

M SFR J Peripherals LR ———

P i crochip_3Z_bit_solutions'starter_kit_labsilabz blink'k ~

M blink.mcw 0a 04 oc
= Memory Usage
= 5 blink.micp E 0000_Baooo RERERRRER RERRRRERE RRRRRRER RERRRRRER REEERRH
E CI Source Files oooo_oo1o RREERERERER RERREERE RERERREE RERRERERE EREEERRH P
= . oooo oozo RREERERE u e
@ blink. c q| oooo_ooso RERERRY

[0 Header Files || <) oooo_ooso RRERRY
[ obiject Files || 5| ©0000_noso RERRR /.( w0, Oxh £88
D Library Files o 0000_nos0 RREERE = Zero, 24576 (vl

ol oooo_oo7o REERE LATA = 0O:

[ Linker Scrio P . Tui w0, Oxb i&8

SHI 3l Lots and lots more Ty T

(I ] forii = 0; i < OxFFFF: it+t+); —

=0 zero,0(s8)
- 1w w0, 00=8)
features and windows
e sltu w0, wl, w0
bne w0, zero, 0x3d0000&0
nop
1w w0, 0(s8)
_ addiu v0,wl, 1
flshin / =0 wi,00=8)

5]
B

Frogram hemony [rata bemony £7 beg zern,zero,0x3d000038
Total: 134140 Total: 32768 E. dono nop
— — FR FRRRERRE RRARARER RERRFRAE RERRRRRFR RERARRRE LATAINV = OxFF;
SRR =l oooo oieo FFERRRREE ERERRRRRE RRERRRRER RERREERR RERERRRER RERRERERR 3COZEFEE lud vl Oxbigs
BFS3_4 0ooo 0170 REERRERR ERRRERRERR RERERRER RERRERER RERRERERE RERRRERER Za0c00RF, faddiw w0, 2af0, 255
A000_ 0O0o0_0180 RRRRRRRR RERRRRRR RRERRRRR RRRERRRE RRRRRRRR RRRRRRRR Ahoco0Zl, e ey
0000_0190 RRRRARRR RERRRRRR RRRRRRRR RRRRRARE RRRRRRRR RRERRRRER usecb ::: EereaERES IERERARE
0000 0140 REERRERR ERRRRRRERE RRERERRER RERRERRR RERRRRRRE RERRRRRR v
0000_01E0 REERRERR ERRRERRRR RERERRER FRERRERER RRERRERRRE RERRRERER 3
0000_01Co RERERRERR RRRRRRRE RRRERRER RERRRRRR RRERRRRRR RERRRRRR = vl
cnnn nann oNAnNTAN  nnonAnAn nAonOnnon  nONOnAnD.  NNANOORO AnAnROnn h
| - - :I] Dataiew |“Cc;de\.l'iew l
! watch 1 | Watch 2| Tro0 o020 UG IRs T - .
—— AwFFRFFF e
< HE
REAL ICE MPLAB REAL ICE PICAZMKIA0FS12L pc:0
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MICROCHIP MPLAB C32 Introduction

Regional Training
Centers

o X EMicrochip 32-Bits MCUBYC Compiler » FHBRANSIFREE,
e MPLAB C32R] 45 1 MPLAB IDEH,

o IRMIZ(EC Functions(printf, scanf, etc..), B2 K\ E, HZ2EHE
BEE,

A] ZMicrochip#8it, £ EHS,
http://www.microchip.com/c32

==
=
=
-
=
S
=
==
==
-
—
-
-
==
=—
—
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MicracHIP About MPLAB C32 Version

Regional Training
Centers

e MPLAB C321R £ = &[G Hix 4N #Y Compiler:
1IF = AR (Standard), A& & ki (Lite), FE{& AR (Evaluation) o

o | TWﬁ(Standard) SW006015 - MPLAB C Compiler for PIC32 MCUs 895 USD
T ERA, BB T B AR = I sE L R £ L (Optimizations) Y Zh8E, A
IR RS R ARAH b, & & AT LURL 22 40% Y 12 3\ B Z2 B (Code Size)o

o fSfEhX(Lite)
52 M7, %ﬁﬁmg%ﬁiﬁlﬂ ge, B2 1F SCARIE — E’JEE,EJ&%)‘Q%
TENEREICIIEE BE, Q¥R Level 15{E{LTHEE,

o (L hX(Evaluation)
REMAE, RERORXAK, EEEERWATEINEE OXKEEE

2 R AR
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MicROCHIP MPLAB C32 Install

Regional Training
Centers

e MPLAB IDER 28, & —fMPLAB C32, LAMPLAB IDE v8.80hR 2
A, & — &L %v2.010RAIC32

o FAFKEEI®AC:\Program Files\Microchip\MPLAB C32 Suite.

e HEIRAZERE ERER _
Rl (Standard), f5 /&R (Lite), gy 7
(& AR (Evaluation) B & 7E[E
—ZRIER, RARFTEZ | ey

=4 Md FO e R e | () Pull Compiler (Requires Produet Serial Humber)
éz ||% 1FE B EE'] nl o Fully functionsl, all optimzations svadshle
() Evaluation Compiler
En r—— ;l:l:%/w Fu.'ll Iul.‘d:ttllll.].ll}‘ for 60 daye, optimezatons hmited fo bevel 1 affer,
o THEXTERHE © Li o

Lamndied funchonality, optimzations himited fo level 1.

(C:\Program Files\Microchip\
MPLABC32\vx.x\) o

[ <Back || WNet> |[ Camcel |
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MPLAB C32’s Documents

o MPLAB C32HYFHEE 3 44, AT LAFEMPLAB IDEFR Y T BERIB 12
Help\Topics, F& F TopicsBY 5l & 1 = # MPLAB C328Y M6 B8 344+

o B AJLATEC:\Program Files\

"X
MQHP

Regional Training
Centers

Microchip\
mplabc32\vx.x\

docs\

E 5 EIFT

2 E]

By 346

MFPLAB Help Topics

Debuggers

L1

I

C32 Penphesal Lib Guide A
COFF File Format

MPLAE LINK32

PIC32Mx Conhg Settings

32 C Lib Guide [PDF)

C32 C Compder Guide [FDF)
MPLAB ASM32

MPLAR ICD 2

MPLAB ICE 2000

MPLAR ICE 4000

PICkit 2 F"mgrarrlmer 3

HE

X0 WNE WA0 XOBEQ TAD NAD
Oi-K- ) ¥ Fee o= [EH

3 C P Pllerlicrne hapoplate T2 (o

9

= I erpllehe 52
= v

= | Win
=] |
B ) esamples
]
B O peid-bhe
- ]
# ) poil-vpgmder
i (Y Thind Pasty
& 13 Hxzomit
) Micaowft Activelyac
8 ) sl Mt
& 1 Mxromit Offxs
# {3 Micvomit ZDK
& 3 Mimnfk Swibgh
5 Hixmlul'!:-_l& e
W (o Micwoandt 501 Seover Compact Edrion
8 | Mot Syne hassales Seraces
# i Mxzomdt Vimal Stodio
a3 Mzt Vimal Sdie 5.0
& 1 el Fodks:
i 5 Micmomdt NET

-1 COPYING3 OFL
T'.'.I -

] CORT. IHII' i

r _._/—JI i T-1-belp

I""E"I'IN""‘ LIBOFL

:|] il

:l CORYING LIB OFL MMPLABASMI]
I T o R HL R

‘Jp]{FZﬂE'_'IFU‘J . pr[':__.i‘l:H.;'[Cln_:\:n:}'él:
== Li¥ i o e ¥ i
]-L-.:::-c_h_p-?lC_._’f’_-.'l-l}!-P-e_an_‘*:ral-LL m - .HIH._!.E v | L_'._bn:le:
£ ¥ E :;. ;

ﬂ’ H.rm I:.Glel.:u.t

’e IPJ-I)!-I"

]:3? HILAB-ATHLINE R -Umr Groade

« EBuE

ok | | Cancel
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MicrocHIP MPLAB C32’s Data Type

Regional Training
Centers

Type Bits Max Min
char, singed char 8 -128 127
unsigned char 8 0 255
short, singed short 16 -32768 32767
unsigned short 16 0 65535
int, singed int, long, singed long 32 -231 2311
unsigned int, unsigned long 32 0 2321
long long, singed long long 64 -263 263-1
unsigned long long 64 0 264-1
float 32
double 64
Long double 64
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MICROCHIP C32’s Header and Libraries

Regional Training
Centers

e MPLAB C32AEEH I 5| AEEMCUBTFHIMCUZTERE,
MPLAB C30#[E], R EE 5| A B A ETEE<p32xxxx.h>,Compiler
Zﬁf HRXEMBEZMCUBT %ﬁw%mﬁAZMwﬁﬁ

e MPLAB C32{E B2 B, A EE 4% 5l 5| A B2 JE 38 B4 =\ #H B3
M AZTEAE & B EAMPLAB C301 @, MPLAB C32f51L 7 5| AMVEE
Fr,RE 5| A<plib.h>, Bl FERZRNANEEESIH
Ao

e UMPLABCR2RERAN EXARFEHELETREER
#include <p32xxxx.h>R#include < plib.h >,
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MICROCHIP C32’s Header and Libraries

Regional Training
Centers

o <p32xxxx.h> WEERAR
(C:\Program Files\Microchip\MPLAB C32\pic32mx\ include\P32xxxx.h)

#elif defined( _32MX795F512H )
#include <proc/p32mx795f512h.h>

#elif defined(_ 32MX795F512L )
#include <proc/p32mx795f5121.h>

o <plib.h>HEBRAR
(C:\Program Files\Microchip\MPLAB C32\pic32mx\ include\plib.h)

#include <peripheral/adc10.h>
#include <peripheral/pmp.h>
#include <peripheral/cmp.h>
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MICROCHIP

Regional Training
Centers

A

Features/Speed/Trace

A

Debug/Program Tools

VMEIREICDIG:
(EATEEADVIBA035)]

PICkit™ 3
Full Speed USB HID,
Run, Halt, SS,
Simple Breakpoints,
Program, Read
All of Microchip’s Flash PIC®

MCU and dsPIC DSCs

MPLAB® ICD 3
High Speed USB 2.0,
Run, Halt, SS
Software Breakpoints,
Complex
Breakpoints,
Program, Read,
All of Microchip’s Flash PIC®
MCUs and dsPIC® DSCs

MPLAB REAL ICE™ Emulator
High Speed USB2.0
Run, Halt, SS
Software Breakpoints,
Complex
Breakpoints/Triggers,
Stopwatch,
Program, Read,
Real-Time Watch,

Log, Trace,

Logic Probes,
Performance Pak
All of Microchip’s Flash PIC
MCUs and dsPIC DSCs

v

USD $70.0

USD $220.0

USD $500.0
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MiCROCHIP APP1632 EVM Board

Regional Training
Centers

e APP1632EERIR AMicrochip® &/ Rl APIC32MXRFI X 17514
Eﬁ'&*ﬁﬁl %%Fﬁ'nin-l_zglﬂ ﬁgg%ﬁ*}io EnXa'Hﬁ’ﬁJJLAExplorer 16
B 2%, I 3G N Thse EH M AR PIC32MX RS,

o IRMHLED,Switch,
LCD Module,VR,USB
and DB9 Connecter o

o 12{HSPI,12C EEPROM,
Second MCU Socketo

e FHEPICtail* Socket.

e HEEH{FAH2.54mm
Pitch, & Z BkiR{EE
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MICROCHIP PIC32’s Oscillator

Regional Training
Centers

e PIC32E B ZEIFARIRIE A1, ‘JME%W*‘LBRCZR%%%BE’\J

Crystal, Oscillator. i A RYBFAR 12 A& 18 A ZFE

oy, & BR5E,

o BFARIRIEMERTE, HAIE
Eﬁyu% Eﬁﬁw\, CPUé
EWBFERAER 53

E‘EJEVIEJ:E’JHTFT%T

o & TR B EWE B

ik, EBhCPUE ELIE/E,

e PIC32MX4/5/6/7% %I E
BUSBIEHE EE/IWN
BF AR B8

\

HEITREHE(PLL)

USB Module

Primary Oscillator ':

|
Primary Oscillatorx n ! =

Internal RC !

Internal RC x n

\PBDI\1<Z:O>

Peripherals

Internal RC/ n

Second Oscillator

Internal LPRC

-
> CPU ]
\

© 2008 Microchip Technology Incorporated. All Rights Reserved.

MCU4101T v2.0

Slide 42



MICROCHIP

]g{?

Regional Training

PIC32’s Oscillator

Centers

PIC32B8 = B AR R

System Clock, B Clock
USB Clock -

System Clock:
HcrPuKCore TimerfE

PB Clock:

HEAREEHAFEA,
f5l40:PMP,ADCEE,

USB Clock:
EHHtusBtEHEFEH,

B3F AT 21 R B9 5% TE 4%

S A
EiFEE onflguratlon Bit

HXEO

Primary Oscillator | ™ 7
(POSE) [ - |
USB Clock (48 MH
| div i Iﬂ—l PLL x24 -.I-mri { =2
0sCl ; | [ aMHzcUFm =5 Mz UFRCEN |
. U P2 L UPLLEN a
oSe0 : . XT,HS. EC o \

lllllll meil
';Bgl.sggt:u;hbh L A MHE < Fiii £ 5 MHE ETPLL, HSPLL. | POSIBCAIET i
cortain dock mades | |m . I F';_I - avey | ECPLL, FRCPLL gk PBLLE

A i T
PLL Input Chvider L Output Duvider PBDIV<Z.0=
FPLLIDN 0= LODMe2.0n
FRC
pier
8 MHz typical COSCD LT PLLOUT
FRC EPU & Select Peripherals
TUM=50= —1—Fin Foir
1 FRC M6
| div 16 |
: FRECDIV
FREDV<2 0=
LPRC LPRC _
Osclllator [ 37 kHz typical
Secondary Oscillator (S0SC)
32 768 kHz -~
sosco ? -
i

SOECI

: SOSCEN and FIOSCEN

Clock Caontrol Logic
Fail-Sade FECM INT
{:lu.F e
Monitor FSCM Event
e
T
HOSC<2 0= [
COSC<2.0»
FSCMEMN<1 1> OSWEN
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Regional Training
Centers

o PIC32AILUEIBPLLERER IR

Phase Locked Loop

e Primary Osc.BRFRCH] LUZEIBPLLARBR 1548,

}-E|_J VAVl I:ICPUEI‘J&E$(FOSC)O

|

M
e PLLWEE D A={EEHR. Fooo = Fp x
¢ TN UNIx N2
Primary Oscillator 4~5M
’ : = L] ‘B CcPU
Internal RC ' rJ 1 rJ -
FPLLIDIV<2:0> PLLMULT<2:0> PLLODIV<2:0>
N1 M

FPLLIDIV PLLMULT

000b:1 000b : 15 N2

001b : 2 001b : 16 2PLLODIV

111b:12 111b : 24
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MicRocHIP System Clock and PB Clock

Regional Training
Centers

o PIC32HY R4 BFAR(System Clock)EE & 32 B Ak (PB Clock) A] LLIEE
FRER WEBFE —REEB R

o JEZHFAR(PB Clock) =
R AR(System Clock) / 1, /2, /4, /8o

o BREF|RYERTE AJ £ Configuration Bit
(OSCCON<20:19> (PBDIV<1:0>) )/ + Peripherals ,
ARE,NEEXNPRERFITERE
(Run Time)BI REER TE o ( ]

> CPU

PBDIV<2:0>

-
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MicROCHIP Primary Osc. Mode

Regional Training

Centers
FEEESRNEERAN VL ERNATN AR ERBIRE
Z
o« FH Z PR T B K KRB RIRE:
Oscillator Description

HS 10 — 40 MHz Crystal
XT 3.5-10 MHz Crystal
EC 0 — 80 MHz External Clock

HSPLL 10 — 40 MHz Crystal with PLL

XTPLL 3.5 - 10 MHz Crystal with PLL

ECPLL 0 — 80 MHz External Clock with PLL
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MicrRocHIP Debug & Program Interface

Regional Training
Centers

o BT EEMCUZBEEBPGED/PGECT ZIZRIKEE EE
# R E N RIEITRE

. %1@%%@%%&%%&%{4\  BERE—ALERYEIE
%, BB T LA RET Iiﬁ’*ﬁﬂk%ﬁ

o i?’ﬁ’(ﬂ%ﬁ#ﬁﬁﬂ%, B — AT LUEITIESE T EiE
Eo

o EEERIEERNE, AL BIEEEREZNAR, FeeEITER

$5 (3&3BConfiguration Bits53 &, RIESHERHA) o

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 47



ﬂ{?
mcrocwe  PIC32 ICD/ICSP BRI B B

Regional Training
Centers

e LAPIC32MX795F512L-80I/PTA451(100 Pins, TQFP), I E 20 T~ Fir
N

5 —#HMICD/ICSPHLFA 24,25l (PGEC1/PGED1):;

58— MICD/ICSPHLFA26,27 Al (PGEC2/PGED?2).

100-Fin TQFP

W = P e g B Ilarern

iE§
il
153 ia
somiREcps HNEE EENIES
tr’gé:.-_:_t:_gijl' FasCikanEE
L HE VR TY 1

L FICIIMATISFISEL
s FCRMATISPRI2L
. PICI2RATSPMIL

AIC1IN+Neuson/CNT/RBS ] 20
AN4ICTIN-CNERE4 ]
ANIC2IN+HCNSRB3 [
ANZICZIN-CNARB2 ]

PGEC1AMTCNIRE1 [

PGED1/ANNCNZRBO ]

S TI I L EL LR TA LI EL LR ETE:
U000 ded 0 g g f Fudugntwl ] U § ] Imimini
e E P CEEE T

LA LT LT
QOOO0WEEOTOOO0NEE N
WEFESOFRRETIREETL T
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MicROCHIP Configuration Bit

Regional Training
Centers

e Configuration BitR ARREMCUR—LEEMER, HF T
EW:CPURYBFAR IR IR, BREr T E{E RV IEK), Watchdog, F2 2\ i
RE EXNBHEERTE,

o Hrh XEACPURYEFARIRIE BRiE TEFANENREREE K
HJI’@E/ R ETHaRCPUEIE BiE/E RRIE T EFEANEMERTE

T.I'LBLE 4-42: DEVCFG: DEVICE CONFIGURATION WORD SUMMARY
Fl/\, /\J VAR /il-iﬁﬁ s 1 o
%ﬂ §5 5, | B
EE E_ @ hy I EE gé i s | sas | 3ees | rang e HAD A EIT nr ErE s A i WA 1A L] 185
/ <O 5 2
e I 1 | TVBUSID | PUSECen | Fcheo — — FCAWD | FETHO | SwaEh - = — = = ST e
ﬁ il i T ERK —
1 Jaiwe = = = | | =1 [ =1 PLALOR T mman
. ?/ D a t a S h e et N _34 ''''' a0 | e — — — L FPLLAALLTY. | | PLLIGN s
A CED = - = = = = 1 = i| = - W T . axan
FER VG = ]
180 FoRib [ FPRCE<l O e €30 = | FRCECEN = | PG C<d wmam
M n Y IS E T = = = | <& = = — | war = = = T ki
pecial reature &g | P e I B B e e =T =
Lagurail m ko i B R 8 e, SRRl B T PR b B B o e
S ZEI r—/
|:| A + JC TABLE 4-43:  DEVICE AND REVISION ID SUMMARY!!
E & o ¢
=0 13 ; d _ &
\ 0 !' = | MAs | o | oz | ez | aim | aen 1] 140 T Fi Fi0 2004 T w2 17 L]
p (o} E & 3
I EIRE WVERID CEVDIT 18- =
= =3 DD 120 [
Legend = urhmcmn vaion o Hesak — = urimplemated, read an = Messt vales s sown n bassdecma
Wot 1o Fissel vpioms e depandent on o e saean, Fske 1 e TR AL TN Fasrly St Erite e [ae Shmer Claesiain” [DES0ABY) tor ek eirrrain

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0 Slide 49



merocwe  C32 ¥ Configuration Bit BV X £

Regional Training
Centers

e MPLAB C32 0] LATE 2 I\ 16 P IE $3£5% %E Configuration Bito
F A #pragma config ERENERELE, B EZW T HIATR:
#pragma config UPLLIDIV = DIV_2
#pragma config FPLLMUL = MUL 15, FPLLIDIV =DIV_2

B PICITMY Conlipumiion Setfings (hpPIC FIMIConligSel cha)

o config NEMERFHER |- 5 2 4

FIETS =2 BH I'ﬁl w1290 il PIc3zMXTOSFST2L =
4 T e

) PICOMSGAFOGN USB VBUS_ON Selection bit:

. ) PUCEMASG4F 6L
hlpPIC32MXConfigSet i rrovsonto - ore 185 0k ekt mrn
(o] 3] PICEMSEART 2L Fundtion
— PIC NS TS 256
%E =n% ?Rz % ﬂ F1|E3$:?1-1;{':1Ff':f FYBUSONTO = ON r~|§ g?l_.ﬂu pin is conirofied by fe USE
— = . - Mol
W ] FICEMSTER I
nx L= n A TS

] FICEMBEAF 64H USB USBID Selection bit

C:\Program Files\Microchip\ || zzzee

ﬂ PICEN-REAF 1 6L

i| PICEN0R TS 256 H FUSBIDIO = ON LISBID pan is confrollad by the USE
O C 3] AICIME T 256 ) Module

T ACME TR S H =
hlpPIC32MXConfigSet.chm 2 s o T e

] PN 1 28 FCANIO = ON  Debsull CAN 10 Pins

e thA[3FEIE MPLAB IDE BIGUI || oo

3] PICIEMCTTER 2568

E Eﬂg E& _ﬁ I=|=I Eg @E % i PILIMEGTToR 31 M FETHIO = OFF  ABemats Ethemst 10 Fins
I— ? F ﬁ I— (o] %:Eir’?;é:; FETHIO = OM | Dafaull EMamat 10 Ping

i CIV T L

Ethernet Mil Enable bit:
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MICROCHIP

C32 ¥ Configuration Bit By X &

Regional Training
Centers

e MPLAB IDE GUI
MPLAB IDE Configure\Configuration Bits

W Confignration Bits

"] Configustion Bits o8t in code

FEFFFFFF FZRS3
FAIIEN
FETHIO
FCANIO
FUOSBIDIO
FUBUSONIO
1FCO_ZFF4 FFFFFFFF FPLLIDIV
FPLLHDL
UPLLIDIV
UPLLEN
FPLLOD IV
1FCO_ZFF8 FFFFFFFF FMNO3C
FEOSCEN
IE30
POSCHD
CSCIOFNC
FPEDIV
FCESH
WDTPS
FUDTEN
iFCO_ZFFC TFFFFFFF ICESEL
Bup
CP

8
Echerner RHII/HII Enable

Echernse I/0 Pin Select

CAMN 1/0 Pin Select

USE USID Selaction

USE VBUS ON Zelection

PLL Inpuc Divider

PLL Multiplier

USE PLL Input Divider

USE PLL Enable

System PLL Cutput Clock Divider
Cmeillater Selection Bits
Secondary Oacillator Enable
Internal/Excernal Swicch Over
Primary Oscillator Comfiguration
CLEQ Oucput Signal Accive on the OF
Paripheral Clock Divisor

Clock Switching and Honitor Selectci
Watchdog Timer Postscaler

Watchdog Timer Enable

ICE/ICD Comm Channel Select

Boot Flash Write Protect

Code Frocectc

Setting

SRS Priority 7
AL EIsnr ey
Defauler Echernee I/0

Alternate CAN 1/Q

Contrallad by che TSE Moduls
Controlled by USE Module

12x Davider

24x Muleiplier

1ix Davider

Disabled and Bypassed

PLL Pivide by 256

Fast RC O=c w/Div-by-N (FRCDIV)
Enabled

Enabled

Primary osc disabled

Pizabled

Fb_Clk is Sys Clk/8

Clock Jwitch Disable, FSCH Diaabl
1:1048576

VDT Ensbled

ICE EMBCZ/ENUDZ pin= shared with
Boot Flash is writable
Proveccion Disabled
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merocwe  C32 ¥ Configuration Bit BV X £

Regional Training
Centers

o EEASConfiguration BitHIERE, BEEXNEBH,
(#pragma config Xxxx = XXxXx)

o K AfEAMPLAB IDEAYGUIER TE B, Configuration BitHY 5% E =2 ff
FREEERER(*.mep) o

o HMRMEEKRBEMHENGHMAR., HGNRIARMERERE
(*.c,*.h), R K LERE HEHTT R ELIEMPLAB IDERIFE K
JE 18 IEFERY Configuration BitBVER &, EEBMCUBMER IEE,
BAPHREMNREGUIREFRE, UEXTREN AL,

N0
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MicROCHIS C32 WEARENER

Regional Training

Centers

e Configuration Bitz% E £ 4%
LAAPP1632, APP1632-2 &5, € FH #\ZF 8M Hz CrystalFEHLPLL, 14
#$CPU 60MHz ©

#include <p32xxxx.h>

#include <plib.h>

/* Configuration Settings */

// OSC Input = HS w/PLL

// CPU Clock=((OSCInput/2)*15)/1

// PB Clock = CPU Clock / 1

// Disabld WDT , ICSP/ICD = PGC1 , PGD1

#pragma config FNOSC = PRIPLL , POSCMOD = HS
#pragma config FPLLIDIV = DIV_2, FPLLMUL = MUL_15 , FPLLODIV = DIV_1
#pragma config FPBDIV = DIV_1

#pragma config FWDTEN = OFF , ICESEL = ICS_PGx1

int main ( void )
{

while(1);
}
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/O Port Architecture




o |
MicROCHIP 1/0O Port Block Diagram

Regional Training
Centers

e 32-Bits MCUBYIO Port’RE B, HNEFT o

e FRIBERIIO PortEBBTRIS, LATERPORTHFFAINBEE 785, TRISAR
SR EIOM 77 o), By H B (Ex: 32 HILED) TRISXn A HER B70” - By
A(Ex: B HUR AR RE)BRFTRISxn A B R A1 o

o XA EiyHHRRE

18 A LATxn, ¥ FERY B2 B Rxn x: A,B,C, etc..
Eﬁgﬁﬁ H:II o TRISxn n:0,1,2, etc..
= < TRISXn:
o FRATA H%'; A] LL B PORTxn /l/ 1:Input, 0:Ouput
Hy?%gi‘ﬁgﬂlg;lﬁ%%o Rxn LATxn
f-irP21)/CNg
el
;EQ?“'.’GNE;RM PORTxn
(PMA2/CN1Q
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o |
MicROCHIP 1/0O Port Block Diagram

Regional Training
Centers

e 32-Bits MCURYIO PortZRRiEF B, MEIFT . EZ REERE
BERERTH ERNAEBEATE,

Dedicated Pori Module
r——— - - - - - - - - —-—-—-~—-—-W -« ~—-"7WVV¥ -/ /W -/ —/ — A
| RDODC |
| % |
| |
| DataBus D a—+ |
I sysclk ck | ooc |
| en @ |
| WRODC [ |
| RDTRIS pe | teter
\J 0 r T
| | __e!j 3 |
| — Loy |
| cKk _|TRIS I |
| En @ Py |
| wrTRIS | | | |
| 0 a |
: cK | LAT : | If0 pin |
Q
EN L a
| WRLAT — ~ [ |
| WRPORT — |
| ROLAT g |
| |
| |
| RororT |
| |
| sLeEP |
| |
| SYSCIK |
| |
L e e e -

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0 Slide 56



"X
MQHP

Regional Training

1/0 Port FYIR4E

Centers

e TRIS, LATERPORT4S A TN EE E 17 aa &l & — {E32-Bits AV 77858, &

Feeh S EBit A = I ZF ¥ A0,

e LLIO Port CA45 TRISC, LATC, PORTCHYBIt 0,3 &IRCOEMI,
o EHRCOEFILEDRF, 48 SLILTRISCHYBIt O5% A0(Hm H), R EB 3T

Hig H AV ARRE 1IE A LATCHYBIt 0,

o 2 FRCOBHUIR SR RE AT, B &4
ZBILTRISCHIBIt 0% A 1(E A),

RE A LL{EPORTCHYBIt 0
EN{8 SN ZRRY AR RE,

Bit0
Bit1
Bit2

Bitn

TRISC

- > RCO
- > RC1
- > RC2

- > RCn

LATC

PORTC
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S 240 TR TR

Regional Training Atomic Bits Manipulation

Centers

o PIC32IZH¥THY E1F =31 E (- Atomic Bits Manipulation, =
FAMNRIE KEN T FIFNUTERRE, ﬁﬁﬁﬂ’]ﬁ?ﬂilﬂ
FEAAE LS. B —ixYData memory N EH L IHEE,

e BRBKRIIEEFSETREEENAN=ZENTREETRE
%ﬁ”<reg>CLR” "<reg>SET”,”<reg>INV”, 2t = B R AV IR EDD

ﬁbo

e UNEBETFESENERMURUAS®RIIGETFSARERKAEL
WA T =B THENZEE, ZEFSFERNVTRER E-E

ﬁ A ° EHYE;; gﬁ%ﬁ}:ﬁq—é Invert Bits
SFR Address + 12
=] )
- BREETRTMAERMN. SFR Address + 8 > B't_s
Clear Bits
SFR Address + 4 v
SFR Address —> SFR
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S 240 TR TR

Regional Training Atomic Bits Manipulation
Centers
L L — =M =
o BARKIIETFSRPE 1WA AESHITHENIRE,
reg 112 f2]2f2]1]1 reg oj1|o|1]of1]o]f12
> >
regCLR |1 |0|1]0|1]|0|1])0 regSET |1 (0|1 ]0|1|0|1]0
reg 0 1 0 1 0 1 0 1 reg 1 1 1 1 1 1 1 1
regCLR: ¥ FE{ T iEBR A" 0” regSET: ¥ E{ JTRR E A”1”
reg 111|212 ]2f1]1
>
regiNV |1 |0|1|0|1|0f1]0
reg oO|j1)J]0]|]1]J]0]|]1]0]1
regINV: ¥} FE{ JT/E & [a]
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o €32 ¥ 1/0 Port I X 2

Regional Training
Centers

o HHHRIC321/0 PortBE

PORTSetPinsDigitalln( ); // ERE ¥ FERYI/O Port Bit BV T A
PORTSetPinsDigitalOut( ); X TEXTFEMI/O Port Bit A B & H
PORTSetPinsAnalogin( ); ;ﬁfiiﬂéﬂm/o Port Bit & FE Lbia A
PORTSetPinsAnalogOut( ); =% E ¥ FEAYI1/0 Port Bit A b H
PORTRead( ); // %H}ll/o Portfy &

PORTReadBits( ); // FBEV/0 Port BitHy E ¥l
PORTWrite( ); // B A1/0O Port

PORTSetBits( ); // EXXEI/O Port Bit&”1”
PORTClearBits( ); // B BR1/0 Port BitA”0"
PORTToggleBits( ); // [ [E11/0 Port Bit(“1”->"0",”0"->"1")

o FHRAFBZH
32-bit-Peripheral-Library-Guide.pdf,Sec.10 |/O Port Library,
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o €32 ¥ 1/0 Port I X 2

Regional Training

Centers

EHAMC321/0 PortE&E
mPORTxSetPinsDigitalln( ); // SR TE¥THERYI/O Portx Bit B B\ B A

mPORTxSetPinsDigitalOut( ); R EE FERI/0 Portx Bit A By i
mPORTxSetPinsAnalogin( ); Eﬁfiﬁﬁ%ﬂ’ﬂ/o Portx Bit &% b A
mPORTxSetPinsAnalogOut( ); =2 E ¥ FERY1/0 Portx Bit Ay 38 th i i
mPORTxRead( ); // %EHRI/O Portx V& #l
mPORTxReadBits( ); // fBHU/O Port BitxHY & ¥l
mPORTxWrite( ); // B A1/O Portx

mPORTAToggleBits( ); // I [811/0 Portx Bit(“1”->"0”,”0"->"1")
SHBRAESH

32-bit-Peripheral-Library-Guide.pdf,Sec.10 |/O Port Library,
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MICROCHIP

C321/0 Code Example

Regional Training
Centers

o« BEMI/OK

MmPORTBSetPinsDigitalOut( BIT 2 | BIT_3);

mPORTBSetBits( BIT_2 );

mPORTBClearBits( BIT_3);
mPORTBToggleBits( BIT_2 | BIT_3);

P L Slnd PNERY]

MPORTASetPinsAnaloglIn( BIT 0 );

o FEIEEMYI/OR%

EABN B, R E2I 5]

o 2

PORT Functions

Fimw Bhows

Freges ripim

mPOﬁASetF‘insDigitalOut
mPORTESetPinsDigitalOut
mPORTCSetPinsDigitalOut
mPORTDSetPinsDigitalOut
mMPORTESetPinsDigitalOut
mPORTFSetPinsDigitalOut
mPORTGSetPinsDigitalOut

Description:
Include:
Prototype:

Arguments:

Return Value:

Remarks:

Source File:

Code Example:

_bita

This macro configures the TRISx register bits as outputs.
plib.h

void mFORTASetPinsDigitalfut{un=igned int _bits};

void mFORTESetFinaDigitalOut (unsigned ins _hbiss);
void mFORTCSetFinaDigitalOut (unsigned ins _hins);
void mFCRTDSetFinsDigitalOut (unsigned int _bits);

void mEORTESe:PinsDigitalous unsigned ims lbiss);
void mFORTFSetPinaDigitalOut{unsigned int _bita};
void mFORTGIetPinsDigitallut {unsigned ins _bital;
This argument contains one or more bit masks bitwise OR'd
together. Select one or more masks from the mask set
defined below. Mote: An absent mask symbel assumes
corresponding bit{s) are disabled, or default value, and
will be set=10.

O Pin Bit M.
BIT_O
BIT 1
BIT 2

BIT_15
None
Argument is copied to the TRISCLRx register. If a bitis = "1", the
corresponding 10 pin becomes an cutput; if a bit = "0, the
corresponding 10 pin is not affected.
For those 10 pins that share digital and analog functionality, the

corresponding ADPCFG bits are set appropriately by the macro. Ses
code axample.

Same as mPORTxConfiglutput

Meone

/% make DORTE<T:6> = ousputs */
mEPORTES=tPinaDigitalout (EIT_7 | BIT_£);

{/* PORTD<3> = output, all others not affected */
mEORTDE=tPinaDigitalout (0x0008) ;

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP JTAG ;Ei PORTA

Regional Training
Centers

o PIC32BR T AILA{E AICD/ICSPAY E i BREE B2 & 8% 1, th A] 1 E 1B
JITAGY H I BREE
o ITAGHT HHFATEKIEZPORTAR L AM, WM EEEEHFIPORTA
F W E M TheE R, A BRABAITAG, > & ¥ B PORTAT BESE 1) 4R
/Ro
. i_;%l_iﬁﬁaﬁﬁ BIEFITEFERITAGKESREN T, @tﬂﬁﬁ/\
ERFLEHEIE, 76 AN T REIEITAGII &
// Disable the JTAG function
DDPCONDbits.JTAGEN = O;
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MicrocHIP La b 1 - Ba SiC I O (15 mins)

Regional Training
Centers

o EELabIENER L, IIAI0 PortlVEFHIFER .

o FAC32ATIRMH ZFunctionIEHIPORTA, FEPORTARY FT B Kl 1]
LAY EEE(Toggle, 1->0->1->...) » &)X Toggle Y B ) & FE 5%
A500mS o

o HREEIEERERS, AT A FAMPLAB SIMIR LAY Stopwatch R ETE

- HEER 2]
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MICROCHIP Di SCUSS

Regional Training
Centers

o SEHEFEIHSYSTEMConfig( ) AEF .

s MERENMTAHBRBERERFENBEEENKE, BZNAE
500mS,

o« EEHRZE EXRIITHRRAEMAE?
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];4’
mcrocuie - Prefetch, Cache’s Default Setting

Regional Training
Centers

o RARNELIGERREMEIILI0MN AMANLL?

— Pre-fetchfR CacheZh 538 B B ER Wait State'lft 18 3 Fa 5%
Flash BY Wait State 5% &R (7 Cycles)
RAM HY Wait State 58 A& K EF™ (1 Cycles)

o {FFMPLAB SIMAYStopwatchBFE 45 57, MPLAB SIMEE AR

B HEBRAYEE, K A MPLAB SIME LR ST IR A8 AR RE (S R ER 5
i, TE 28 30 B8 H #R) I fERE%PB Clock = System Clock = FT E#1THF
FEﬁo

o MPLAB C3212 4 Bl {E R #t B BUR 5&X FE Pre-fetch,Cache, Wait State,
AR TE BV kIR A R TAESEZR (System Clock)o

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0
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Mcrociie — [VIPLAB C32 System Function

Regional Training
Centers

o FRANRFKHE
SYSTEMConfig( );
SYSTEMConfigPerformance( );
SYSTEMConfigWaitStatesAndPB( );
SYSTEMConfigPB( );

e Pre-fetch,Cache,Wait StatefV“& F E)" ;X E= T\ & 1
SYSTEMConfig( 6000000L , SYS_CFG_WAIT_STATES | SYS_CFG_PCACHE );
// SYSTEMConfig(unsigned int sys_clock, unsigned int flags);

// sys_clock: R SEZR (System Clock)

// Flags: SYS_CFG_WAIT_STATES:{ik R # #8 2R 5% FE Flash A Wait Stateo
// SYS_CFG_PB_BUS:5%JE PB Clock = System Clocko

// SYS_CFG_PCACHE: R Pre-fetch,Cache,

// SYS_CFG_ALL:BAA A L =THFRE,

=X $M= [ ==k

o FHHMFREIAGFESHE
32-bit-Peripheral-Library-Guide.pdf,Sec.2 System FunctionsZ,
Microchip-PIC32MX-Peripheral-Library.chm,
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Interrupt Architecture




ﬁ{?

MicROCHIP Interrupt Architecture

Regional Training
Centers

e PIC32EEREIPETFERIE NE £ 7 W78 (Shadow Set)
[o] = T2 &I 85, T 42 F A B ee

« XEMEPEMEI: >
B — A i [0 24% 3 (Single vector) . ﬁﬁﬁq“ﬁ?
(PICREERFTERRE, BEFEHAERTOSHIZESE L)

% B A TR 35 (Multi Vector) SRR

PIC32MX3/4R TP T EERZEREE L

o RMEIEHEIRIR ABPECE, | mEsnemem.

PIC32MX5/6/7R 5 B FEFeaa X B E

° Eﬁi\7ﬂﬁ| ﬂEE@f’H‘E(Priorities) 41@ 1% % # T £ Configuration Bit HERTE,
IR E (B Fo B (Sub- Priorities), )S’L B ARE L,

e WINEEBAEBZPE REFERNZ 7255 (Shadow Set),
HiR 2R FE R

i A R B

Main Set

!

Shadow Set

]
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B rEEEBNTESS

Regional Training FEFEEBE E T8 {5 (Preemptive) 1T i

Centers

Hardware Shadow

IPL7.1||||||||||||||||||||,|||I!||||al|||||||||||||||||||||||

IPL7.1INT | |IPLL3 INT |
PL6.2 LIITTTIHTTTTTIAATTIT] [T T T TITTIITT T T T T T I T T I I I ITIT]

IPL6.2 INT .
IPL4.O||||||A,|||| HEEERIIEEEE

HEENIINEEEENINEEER7Z INEEEEEEIN

|
IPL4.OINT | ! i v
IPL1.3 [T T TTT |||||||||||||!||||||||||||||||||||||||i:=ﬁj||||I5:5555555;;£E

main()l||||':II||||||||I!I;I||Ii||||||||||||||||||||‘i||||||vl

[] F&5RE vV FENRE

[ #ATHRRE A EANREARTE

W ZEHEER r- R BT AR S A B
480 iz o e
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B REELENTESR

Regional Training ﬁ#}l{j‘ FAFEHEE RONRBHTELEEESSE.

Centers

IPL4.2||||||||||||||||IAI||||IIiéiiiiézﬂ||||%IIIIIIIIIIIIIIIIIIIIII

IPL4.2 INT | !
IPL4.1||||||A||||||||| [(TTTPR [ TT T T T T T T T T T T T T T T TITI T I ]

IPL4.1INT {IPL4.0 INT ¥ . !
w40 LTI T[T TP TP IT I TITTT]] ||||||‘E¢1IIII%IIIIIIIIIIIIII

main()l||||!:IIIIiI|||:IIIIII‘II|||||‘i||||||V|||||||||||||

1 1 ! | ;
-t : - -
1

[] F&HRE v FENRE

[ #ATHRRE A EANREARTE

W ZEHEER r- R BT AR S A B
485 i ek s
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Mﬂ&\ MPLAB C32 (VR ET X

Regional Training
Centers

o HHRAMCIR2PETRE
INTEnableSystemMultiVectoredint( );
INTEnableSystemSingleVectoredInt( );
INTDisablelnterrupts( );
INTEnablelnterrupts( );

INTClearFlag( );
INTSetFlag( );
INTGetFlag( );
INTSetPriority( );
INTSetSubPriority( );

o FHIRAFZSH
32-bit-Peripheral-Library-Guide.pdf,Sec.7 Interrupt Functionso
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S th B SR R

Regional Training
Centers

o EAXRMPETIIaEFEMSEERmUTEIEES+L):

LABZEFHRERN
INTEnableSystemMultiVectoredint( );

QLERTEHARBENERE,

void __ ISR( vector, ipln ) ISR_Function_Name( void );
3R EFRETEFEEAXRER AL e,
Configlntxxxx( );
4. 5% E P ETRERN T/EER, Thee
Openxxxx( );
o FFHIEREAGFZE
32-bit-Peripheral-Library-Guide.pdf,
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Regional Training
Centers

e CI2EHBEETFE ISR(,) EEAZHNEATHEREER
void _ ISR( vector, ipln ) ISR_Function_Name( void )

— vector: P T O E4RiR, EXE L EIIMCUEERZEHF,
C:\Program Files\Microchip\MPLAB
C32\pic32mx\include\proc\xxxx.h

— ipln: R ETE £, (ipl1~ ipl7,iplo A RERA R ER) -
*|SRFTEX TE Z iplIn &4 78 B AR T 25 B By Priority 48 [E]
(2E&H)

— ISR_Function Name: &P EHREBH.

e ISRHVEFMEREA IS &
C:\Program Files\Microchip\MPLABC32\vx.x\doc\
MPLAB C32 User Guide.pdf

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0
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Regional Training
Centers

A G (o) B XE 25 1 )

e PICMX795F512H.h

#define
#define
#define
#define
#define
#define
#define
#define

/* Vector Numbers */

/* Label */
_CORE_TIMER_VECTOR
_CORE_SOFTWARE_0_VECTOR
_CORE_SOFTWARE_1_VECTOR
_EXTERNAL_O_VECTOR
_TIMER_1_VECTOR
_INPUT_CAPTURE_1_VECTOR
_OUTPUT_COMPARE_1 VECTOR
_EXTERNAL_1_VECTOR

/* Number */

N o o B W N RO

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0
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e S0 R S

Regional Training
Centers

e MPLAB C32 iEB LA T 5 N RERE & & F BT ry R/ BIR K& £ &
BT,
— Configlntxxxx ( INT ON/OFF | INT_Priority | INT_Sub_Priority );
28— HER / BB EE R P BT

’“‘Eﬁl_ ARETEREETESR
SR REXRBFEHECESR

— INTSetVectorPriority( INT_UART_3A_VECTOR, INT_PRIORITY_LEVEL_5 );

/] BEEEHEHE EEZER.
INTSetVectorSubPriority( INT_UART_3A_VECTOR,

INT_SUB_PRIORITY_LEVEL_O ); /] B R E R B R
INTEnable( INT_U3ARX, INT_ENABLED ); // BERUE 2 B
o FHHIFRAFZE
32-bit-Peripheral-Library-Guide.pdf,Sec.2 System FunctionsD¥,
Microchip-PIC32MX-Peripheral-Library.chmo
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L S5 B v 1A

Regional Training
Centers

HE A ISR, A BB B HEAE MPLAB C32A[EIB LA T

BB ETEAE
- BEEBE AT FEERTI:IFS0bits.T1IF = 0;

— {EFC32M 5 BR E & :mxxxxClearIntFlag( );
TEKEBBESE 32-bit-Peripheral-Library-Guide.pdf,Sec.2 System
FunctionsZ{Microchip-PIC32MX-Peripheral-Library.chmo

— EAC3289/EBREHEL:INTClearFlag( yyyy );
yyyyA3C32 A ZIEEFTESR 2 HI BB BI(INT_SOURCE) Z X B
H T & A] 1£32-bit-Peripheral-Library-Guide.pdfE 15,
(TABLE 8-1: INTERRUPT ENUMERATIONS)

S

\

B} pic32-lib-helpINT-PLIB-Help.chm SIRER® EEER
= . INT_INTO  External Interrupt O

INT_IC1 Input Capture 1 Interrupt
INT_OC1 Output Compare 1 Interrupt

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0 Slide 77



General Purpose Timer




ﬁ{?

MICROCHIP Core Timers

Regional Training
Centers

e Core Timer&PIC32H, HCPOIE 2% Y 32-Bit Timer, £
System Clock & B A 3R, B2 EL i Timer Bl 2 £ A PB Clock R [a] o

e Core TimerlVRBIFERDE, HEA M EThEEE F85Counttd
Compareo Count[EE &M {ESystem ClockFi 1,2 B A FE R
25/ R85, CountEE MR CompareE F8FmatchfF, 2 H
B o

o EFEMIRCore TimerI B EIEFZ IhEE, A tkmatch®, 2478 LA
B S Y 15 =\ I 2 CountEdCompare Z [EI BV B8 &

Compare

Interrupt  Equal T
Request © Compar?tor X 32
Count — System Clock / 2
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MicROCHIP General Purpose Timers

Regional Training
Centers

e PIC32HYGeneral Purpose Timers#& 18 Ed16-Bits MCUFH [3]

o Clock AJLLEEAEE, 2 &E RSPkl A, ﬁé‘éa_ﬁl??%%fﬁ EA
TMRxo TMRxTE”0” B 1EEIE Compare = B LL B PRxBEA TMIRXHY

B IR EDEESR W HBTMRMERE,

e PIC32E B A {EGeneral Purpose Timerso TimerlXX & 3IE[RLH Ih
BE, AT FE1dIetE XN T BEEE, Timer2~5 iRFIERREFARE 2,
E1dlet® I, F System Clock{Z b, FT AR LB E,

PRx
Interrupt  Equal v
< 1
Request Compar?tor x16 . TxCK
> TMRX < + | <« *Gate Time
Reset
N— Tpg
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ﬂ/&

MicRocHIP Gate Time Function

Regional Training
Centers

e PIC32HYGeneral Purpose Timers 3 7\ X B B 1% 51 5 (Gate Time)

M 4ERIhEE. Al LLARETEBENA @M AAFHNEE,
o TxCKHAVEM A A High®F, Tey Al A TimersT 8, — E 8 2 TxCKHY

ﬁlEEnghﬁ‘Lowﬂ-rr—ﬂ: L
EEEIJ Eﬂ'ﬁﬁ $,§§ Interrupt EF.

H:II |:|:| &T -EE- :k Request

{ g TXCK
TMRx || =
N Tpg

i | 01102103104 105! 06 06 S AR IE I 88,5
TxCK & High,AND — TE BT AR, B
GateENE, Tcy ™FE N A BEKR,
A i A TMRxo TXCK SRR
o i
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MICROCHIP

Regional Training

Centers

Type A Timer (Timerl)

e Timerl AMEIIN T, TimerlE KIS E R A BiE[E

AVEE L

|5 EA A E

7

2 RS IR EE B%, 0] LA E B5HE VS8V Low Power Crystal,
10:32.768K Hz, fiRTCC,

TGATE

TiIF <

Equal

T

Reset

PR1

v

omparator  TsyNC

0

TMR1

Tckprs

T1CK/

SOSCI

SOSCO

:

LPOSCEN

F.F.

{‘ -ﬂ :
<LjTGATE Tes

)

Tpe —©

1x L’
01 :

TGATE

TonN

00

1:1
1:8
1:64
1:256

© 2008 Microc

hip Technology Incorporated. All Rights Reserv

ed.
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MicROCHIR Type B Timer (Timer2~5)

Regional Training
Centers

e Timer2~5 MBI T, Timer2~saRHlEd RGEARE S, Eidlet&
N FEETE, MNREFTEINEEAGRE S AEZGHELES
1FARRERY 5, S B] LA IE 5B #¥ Crystalo

Trigger ADC_
(Timer 3/5 Only) TGATE PR2~5 1:1
Eqpal v 1:2
)0/ «<—Oo—Comparator Tckps 1:4
A | 1:8
> TMR2~5 < <= e 1:16
~] Reset ' 1:32
T2IF~TSIF <
1:64
! | 1:256
{< FE. TGATE Tcs Teare
T2CK~ N 0(1 . Ton
T5CK {>_L L b
lGate SYNC _>_) }
01
g 00
TpB O0——>
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Regional Training
Centers

32-Bits Timer

e Timer23, Timer45 ] LLAH & B 32-BitsBY Timer,

Write TMR2/4 ﬁead TMR2/4
I
Trigger ADC_
(Timer 3/5 Only) TGATE PR3/5 PR2/4
Equal v v
)/ «——O €Cagmparator Tckps
0 4 A |
> TMR3/5 | TMR2/4 ' +
T2IF/TAIF < Reset
! 1TGATE Tcs TGATE
\( FF.
T2CK/ 0(1 . Ton
T4cK A} NN
Gate SYNC _}_}
01
i’ 00
TpB O———>

1:1
1:2
1:4
1:8
1:16
1:32
1:64
1:256

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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Mnc?:'\@cmp C32 ¥} Core Timer I XX &

Regional Training
Centers

o HEHBYC32 Core TimerENE

OpenCoreTimer( ); /] ¥R, E A FTHIPeriod 2| Compares
UpdateCoreTimer( ); // Compare = BH BIRYETE{E + Period{E.
mConfigintCoreTimer( ); // G FECore TimerH KB /B3 B2 1B £ HE
mEnablelntCoreTimer( ); // B R Core Timer,
mDisablelntCoreTimer( ); // B8BACore Timer,
mSetPrioritylntCoreTimer(); // X ECore TimerH B {& &,
ReadCoreTimer( ); // BEY Counto,

WriteCoreTimer( ); // B A Counto

o FHHIRAFEZE
32-bit-Peripheral-Library-Guide.pdf,Sec.11 Timer FunctionsZ},
Microchip-PIC32MX-Peripheral-Library.chmo,
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ﬂ/
e C32 ¥¥ G.P. Timers By X #%

Regional Training

Centers
= FA B General Purpose TimersiEK £{
OpenTimerx( ); // BXETimerx, 58 ETimerx TEE K,
ReadTimerx( ); // BEXTMRXo
WriteTimerx( ); /] BE ATMRXo
CloseTimerx( ); // BABATimerxo

ConfigIntTimerx( ); // B EETimerxHy A T, I 5% 7E HP BT B ST
32-Bits Timer#& =\ BY Function

OpenTimerxy( ); // B FH32-Bits Timerxy, 5% ETimer T{ERE R .
ReadTimerxy( ); // FBEN32-Bits TimerxyFI TMRxo
WriteTimerxy( ); // B A32-Bits TimerxyFI TMRxo
CloseTimerxy( ); // E8BH32-Bits Timerxyo

= 4m = gE ==

st AR B sE 2

32-bit-Peripheral-Library-Guide.pdf,Sec.11 Timer FunctionsE,
Microchip-PIC32MX-Peripheral-Library.chmo
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Mcrociie  C32 Core Timer Code Example

Regional Training
Centers

/[ BAPERBEERXREEXNELBLAEPEOENELEER.,
void __ ISR( _CORE_TIMER_VECTOR, ipl3 ) ISR_CoreTimer( void )
{
// 7&EBRCore Timer P BT EE,
mCTClearIntFlag();
/] ¥ Core TimerZPeriodo
UpdateCoreTimer( 1000 );
}
int main ( void )
{
// fEFC32 Interrupt Functionfl A Z ER B O EE R,
INTEnableSystemMultiVectoredint( );
// {EFC32 Timer FunctionBX F Core Timer , Y5 EH A {8 £,
mConfigIntCoreTimer ( CT_INT_ON | CT_INT_PRIOR_3);
// EFC32 Timer Function#1TEXE o
OpenCoreTimer( 1000 );
while( 1 );
}

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0
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Mcrocuie  C32 G.P. Timers Code Example

Regional Training
Centers

[/ BAPERBER REENE SRS AEPE @ ENETEMERE.
void ISR (_TIMER_1 VECTOR, ipl4 ) ISR_Timer1( void )
{

/] EBRTimer A B EAE,
mT1ClearIntFlag( );
}
int main ( void )
{
// fEFC32 Interrupt Functionfl A Z EH B EE X,
INTEnableSystemMultiVectoredint( );
// EFC32 Timer FunctionB A Timer , YigEH P EE K&,
ConfigIntTimer1( T1_INT _ON | T1_INT_PRIOR 4 );
// fEFAC32 Timer Function ¥ 1TE%X E o
OpenTimerl(T1_ON | T1_IDLE_CON | T1_GATE_OFF | T1_PS_1 256 |
T1_SOURCE_INT, 1000 );
while( 1);
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MICROCHIP Timer Period 51 &

Regional Training
Centers

« HEEART, FECompilerBRME.

#define SystemFrequency 60000000L

#define CoreTick ( ( SystemFrequency /2 ) CoreTogglesPerSec))
#define CoreTogglesPerSec 10

#define PBFrequency SystemFrequency / 1

#define Timer1Tick ( ( PBFrequency / 256 ) / Timer1TogglesPerSec)
#define Timer1TogglesPerSec 10

e SystemFrequency: R#LER,

e SystemFrequency / 2:ER1§ —# & # A Core TimerBYClock{E 2,
(SystemFrequency /2 ) / n:— ¥ #E B IE EZ & Clock, HR0.5 ¥ Fi =&
/2, 0.1 R =2/10,

e PBFrequency / x:EU§ —F#EHE ATimer1B9Clock{E &, (x:TEBR
22 ER TE)

(PBFrequency / x) / n:— ¥ #E B IE B % {EClock, BF0.5¥ Fi = /2,
0.1 =2/10,
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MicrocHIP La bZ - Ti mer (20 mins)

Regional Training
Centers

. i;_i\’.T:T:LabZE’J AN E® L InAcCore TimerfRTimer1 B9 32 i

o {HMHCore TimerfRTimer1#&HE A ET#E &I, BR{CLab1 AV ERES
DEIanyﬁEo

o FAC32ATIRMAZI10 FunctioniZHI|RACERRAL, ZERAO, BRRA1E K
A LA BTV B RE(Toggle, 1->0->1->...) » RAO Toggle & @ A500
mS, RA1 Toggle BB A1S .

o TimerlBFARKIREREANANEE,BRIEETEXE A1:256,Gate TimeZh
BERAER, Idle Mode TN #& B %17 -

o }‘EELCore Timer matchB¥, 3 A= B &5 BRCount, A Lk 4B 1FEIB
B T BITEECount o

O
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MICROCHIP Di SCUSS

Regional Training
Centers

o EBRLabl, A& FET HSYSTEMConfig( ) A EfF .

s MERENMTAHBRBERERBENBEEENKE, BENAE
500mS, 1S,

o« EEHRZE EXIITHRAEMAE?

e RARNELEFEHEBEEEZR, AMAMLL?

e Pre-fetchERCacheIh8E)R B BRI Wait Statelk B 2IFER{EH , &
B 2CPUHITERITENE R IETHWEE, X T2 EFR, KLk
KEFARIRIEVER B2, T &,
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ﬂ{?
MicROCHI What’s PMP ?

Regional Training
Centers

e Parallel Master Port (PMP), 3 51| /&2 FEUR 4B .

o PMPA] BAfE A SRAFEX /N SR /Y 3 51 B2, 450 40 3 51 1 E RV RC I B8,
sCEFELCD ModuleFH# &,
o HEMNAN MEMEMHIORFEISIEE,FHITHEREZE HRAK
FRZEGBRERE — BXERRERR EXNSLAEARBIE,
o FEiBPMP, AILAB[ y y
B Y12 I TRk
BE BRFHER \ /
BRAFREDNE | - [ \ S
1LEFHEE BT, _ .
ARERIE | e
CPUK B HE, e e

' ‘A& FEHIOEERN AR, R EENERE
R, mﬁmﬁicpuﬂgkiﬁﬁ
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MicROCHIP PMP Introduction

Regional Training
Centers

e PIC32HIPMPHEREEE 16-Bits MCUZLF#HE., R Control Bus,
Address Bus(216), Data Bus(216) ,

e Control BusA] LAXG I B B EE Sk BREE, MMt A EES{IEE., R
%%W@Chlp Select Pin(g&address Bus A, A, 3£ )0

e Address Bust B 16k e EUFEE S216, RXEFEATIAVER,
E.”XEEE%%J tH B2 E A, h'f/\:ﬁi%lG{I&E,JData Bus(100

Pins Only, 100 PinsJA T~81%)o

PMRD/PMWR o7 Control Bus B S\ 31 9 B AE SRR AE, Mt th AT BRI E.,
PMRD / BRI, TREBNEFER BREAR:
PMENB \ Mode 1 : PMRD/PMWR + PMENB
PMP PMWR Mode 2 : PMRD + PMWR
CSx2
Module ’

Address x 16 _ REFERABIRER, T BN, A MER6ER,

Data x 16 _—— 1100 Pins : Data Bus x 16, 100 Pins LA : Data Bus x 8
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MICROCHIP

Regional Training

Centers

PMP Address Multiplex

e PIC32XEZEAddress/DataZ THE T\,

Demultiplexed Addressing Example

ASdes BE e—
Cata Bus

—
CONbol LingS e
PICI2MX W x 16-ba Durice
PRAA =14 (e Al e e
D150
PS4 0 |4 o] D15 0
CE
|_, 0E W
PMCST T
PMRD
PRWE

Hobe: (Master mode 2§ MODE<1 0= = 10
[VE=bit data widh) MODE TS (PMMODE<10=) = 1
(Partial Multiplesed moda) ADFMUK (PMICON<1211=) = ap

Demultiplexed Addressing Mode

Partial M A i Exame
Adareid A e—
Cats B —
Cormad Lindd ——
Lyl il g
FAMALL R x VR Daien
DT 3 AT .
PRD=1510= 4 112 P A<id 0=
t G180 1
o O 800
A=
FMA<14 3= —
|—ul:l'
PRICSD O WR
PMAD 1
PRWR

Hobe: (Masiesr mode 2) MODE=<10= = 10
[ daln walh) MODE 1S (PMBODE<10=) & L
[Partisl Mulpheoed mode) ADRMLE (PRCON<12 11} = a1
The 373 showm in the ciagram nepneseniy a genenc T4CK Eamily 373 lich

Fullly Multiphtxed Address Example (B0t Bus)

Ackdairun Dy —
Ceata By —
ool Lirsgs
P K
e P 1a% x -8 Dvice
LI R #1712 — T R EE
— peThe )
4 | D70
-l
Al B
N P OE__WR
PRMALM —.l
FMCSE
FMRD
PR

Mole; (hlasier moos £ MODE=10= = 40
Bt aty wArn) MADDE 18 (PRMIODIE <10
Tty uticiansd rcds) ADRMLIX (PRGN«
Thas 373 sheowm i T :wrﬂrmnww:wn'k.:' :.l.lxﬁl.- 373 iatch

Partial Multiplexed Addressing Mode

Fully Multiplexed ASOressing Examps |16-0i Bus)
Adeieeys Bus —
Caéa Bus ———
Canicd iLifr —
I'H-.!J'H: ) — 37 & 16-bit Darvice
MALL 5 A o | 1
T = 3m3 = A e
Y
D150 . .
- | D 1500
a4 O W TE Wit
T : =
PaAE L
PMCSE |
PHRD
PRWE

Mol (Masted mode 2) MODE<1 0= = 10
[1E-bit data wedth) MODE 15 (FMMODE=<10=)= 1
[Fuilly Multpinosd s | ADRMUX PRCOR=1Z11%) = 18
Tt 373 sharam i s @QrEM NEpESSNE 3 g T4 tamily 371 latch

Fully Multiplexed Addressing Mode (8-Bits Bus)

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP Wait State

Regional Training
Centers

o STEHMEIEAEIR, A AR F I AWait State, B F R F.

o BEFMIEI A RZBIYTFAEI{ AWait StateNHBE, FIRNEBRZ
Al N A 4{@Wait State, P RS & 2 151@,

e 1 Wait State =1 PB Clocko

Figure 13-16: 8-bit, 16-bit Write Operations, ADRMUX = 00, Wait States Enabled u

.l’n—m

|T‘BlTF‘E-lT“EllTPEllTBlTP‘EIlTPE.|T"B|TPE.|T"EI]TPE||TB|TF‘EI]TPE.|

DMCSZF‘MC‘H ; ; ; ; ; ; ; 1
Mode 1 e .
| pmrDAVWR ', ] ! o S S L

! W T T 1 ! 1
PMENBE | . J . . ! . !
L — — — g B X X : E ;
. - I
Mode2” PMRD | : - .
| PR | R sennn s T
BUSY ! y ' ' l
Legend:

B =WAITE=1:0= = o1 (2 Wait states)
M =WAITM=3:0= = po1o (3 Wait states)
E = WAITE=1:0= = p1 (2 Wait states)
Mote: IFWAITM=3:0= =000, Mis forced to 1 TracLx, WAITB is ignored (B forced to 1 Teecwk), and WAITE is ignored
(E forced to 1 TRaCLK).
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MQHP

Regional Training
Centers

e LALCD ModuleZ%@IJ TE£60MHzHIPB Clock T, Bl B H &z 18 By Wait
State 2 A 4 \EQE;‘,%Z 8, 131" ;ﬁ E*ﬁ:EEPFIELCDﬁﬁZ:E,EDatasheetEEiii'i)o

e B:0.1ns/(1/60Mz)=1.6667 ->2

Wait State for LCD Module

M:0.45nS/(1/60Mz)=7.5->8
F:0.01ns/(1/60Mz)=0.1667 ->1

Write Operation Read Operation
RS __}(]’L T L= e
LAS H LS LAH
R/W_ ) R/W .
jk FWEH = [~ ‘€F ) PHEN [~ EF
E . I o E
LER - DR N P . KD
DBO-DB7? | s e DB mw ey )4
- ECFCE - L [ L e -
Item Svmbaol Limit (Ain.) Limit (AMax.) L nit
Enable Cvcle Time ICYCE 1000 - s
Enable Pules Width { High level ) (_PWEH 430 ) - 115
Enable Rise/Fall Time {ERIEF -- 25 15
Address Set-Up Time { RS, R'W.E ) ( 1AS g ) - 1%
Address Hole Time ( tAH 0 ) 1%
Data Set-Up Time DEW 100 -- 5
Data Delay Time tDDE -- 190 15
Data Hold Time IDHE. 20 115

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP C32 PMP Code Example

Regional Training
Centers

o PMPHILGRILEEHI

mPMPOpen( PMP_ON | PMP_MUX_OFF | PMP_READ_WRITE_EN |PMP_CS2_POL _LO
|PMP_WRITE_POL_HI | PMP_READ POL_HI | ..., PMP_MODE_MASTER1 |...,
PMP_WAIT_BEG_4 | PMP_WAIT_MID_15 | PMP_WAIT_END 4,

PMP_PEN_O, PMP_INT_OFF | PMP_INT_PRI 0);

e PMP ReadZ5l

PMPSetAddress( Addr );

ﬂ MWumisishep FICTIWE Friapheial Likiny

Data = mPMPMasterReadByte( ); i L R — ik | e
o PMP WriteZg {5l § m
PMPSetAddress( Addr ); i e

PMPMasterWrite( Data ); : ﬂ?—i'.l:{-,-ﬂ st e e B s i
E : —\ EE : " % EEHapisririsfyislkoch ';:rr"‘ "ars Wi o blodk of bylei
¢ E¥ I%H EEI EH Eﬁ % ﬁ §T:::L|Ff.l.fi..| v BEMamris i 5‘;!;=|_‘_'!I"*=F'-'="- Wrie @ block of merd
32-bit-Peripheral-Library-Guide.pdf, | ¢ Sl T Sty
Sec.17 PMP Functionsd, G i s
Microchip-PIC32MX- .l

Peripheral-Library.chmo |
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MICROCHIP PMP Read Operation

Regional Training
Centers

o EITPMP ReadiB{ER:, 7B FE 11T —/XDummy Read, BARX
GBusHYE B, FFPMPE R EEUR, T EEENIS IEfERV B F,

(& RFMSect. 13 Parallel Master Port, 13.3.3578)

To perform a read on the parallel bus, the user application reads the PMDIN register. The effect
of reading the PMDIN register retrieves the current value and causes the PMP to activate the
Chip Select lines and the address bus. The read line PMRD is strobed in Master mod—=
PMRD/PMWR and PMENB lines in Master mode 1, and the new data is latched into the P g .
register making it available the next time the PMDIN register is read. u nSIgn ed Ch ar Te m pO ra ryl

Note that the read data obtained from the PMDIN register is actually the read value from /),
previous read operation. Therefore, the first user application read will be a dummy read to ini

the first bus read and fill the read register. See Figure 13-11, which illustrates this seque) // Set Addl"ess
Also, the requested read value will not be ready until after the BUSY bit is observed low. T

in a back-to-back read operation, the data read from the register will be the same for both re| PM PsetAdd rESS( Addr ),
The next read of the register will yield the new value. . .
In 16-bit Data mode, PMMODE<MQDE16> = 1, the read from the PMDIN register causeg // Dummy Read for trlgger PM P aCtlve

data bus PMD<15:0> to b d into PMDIN<15:0>. In 8-bit mode, PMMODE<MODE16> — .
thaez:'eaudsfrom the PMD?N reegniasier‘ga?.lses the data busnPMDl<;?g>io be read into PMDIN<{ Data - mPMP“llaSterReadBytE( )'
The upper 8 bits, PMD<15:8>, are ignored. // CheCk & C|ear The PMPIF
I
while( INTGetFlag( INT_PMP ) );
INTClearFlag( INT_PMP );
// Read Data from device

Data = mPMPMasterReadByte( );

13.3.3 Read Operation —‘
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mcrocie  APP1632 LCD ModuleBY EE 12

Regional Training
Centers

e APP1632 t E&#LCD ModuleBYE SR IEZEZEPMPL
A AZETE,

E R, B R

+3V
R29 R30
avava ATATA “]
QK 470
COM1
1 2 p—
=023 4 ‘—"::,;- RB15PMAD
RDSPMRD < >— 5 g p—__ _>RD4PMWR
REO/PMDO "J__.'_"_, 7 g p——-- =RE1FPMD1
REZPMD2 <_>——9 10 p———<_ >RE3IPMD3
RE4PMD4 < >——( 11 12 p———_ >RES/PMES
REGPMDE << _ >——] 12 14 < __~RETPMET
LCD CONMECTOR [ —
PMRD/PMWR R/W
PMENB E
PMP LCD
Module PMAO RS Module
PMDO -7 DBO - 7
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MICI}?CHIF’ Lab3 - PMP (Demo)

Regional Training
Centers

e EXTELabIVERNER L EHPMPEIAIR{LERE,ZFPMP
Module 8] LA IE #EHY 2 #LCD Modules

o IFFEELETTAE, AJEALCD Module =& Z|F8 & 58 5T IFHI L F,

e PMPEEHUHRR EZE AModel:PMRD/PMWR + PMENB, Read
High Write Low, PMENB Active Higho

e Wait Stateg® E &B:4,M15,E:4( T HEELKERER, THEIZ XK,
LEERARBR) o

o Address BusRBHAZRIA, A,~A, AT EADisable .
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MICROCHIP Di SCUSS

Regional Training
Centers

e LCD ModuleYFunctionE B &N 7, Al A EEEH
(APP1632 LCM.c)o

o RMLATZEFunction:

void LCM_Init() // F1EE1LLCD Modules

int LCM_IsBusy( ) // FBEILCD Module#y BUSY Flagif & [E] AR RE,
// 1:Busy,0:Not Busy,

void LCM_PutASCII( unsigned char ) /] B F T,

Void LCM_SetCursor( char X, charY) /] SR EBHEANE,

Void LCM_PutROMString( const unsigned char *String )// it const &,
Void LCM_PutRAMString( unsigned char *String ) /) B FER,

Void LCM_PutHex( unsigned char Hex ) /] BB E AHexB o
void LCM_PutNumber( unsigned int Number , unsigned char Digit );// i i B2,

MRFEHEHINEE, AT BT HIERLR,
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10-Bits ADC




MICROCHIP PIC32’s ADC Architecture

Regional Training
Centers

e PIC2MXEHF - .
FASARCGEBITLUE)RY | -
10-Bits ADC, & HL16
Wiz 2 T88E
X% @B E I,

e EHZ I IRE
ﬁﬁ ZIERASERE
EiREERINEE,
HILERBIRERA

VAD _VR— x N
Ve = Ve

VR+ ¢ \/R—E-Hi)Eﬁ VREF+ ’ |
VREF—EEAVDD ) AVSS fo) o _______.PinConfg Contul

Input MUX Confrol

10-bit SAR

ADC1BUFD:
ADC1BUFF

AD1CON1
AD1CON2
AD1CON3
ADICHS
AD1TPCFG
ADICSSL
[

'

|
:Sample Contrell  ~ontrol Logic

Value,, =
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MIiCROCHIP PIC32’s ADC Architecture

Regional Training
Centers

o ADCEIHRNEB/\ERTRIEI(B/EN, ZIHEB/EE,32/16
BItS) o

o ADCAZE T /S{E32-BitAYBuffer(ADCxBUFO ~ ADCxBUFF), FA LA &%
FEBMEZER. ADCEBREREZESEERFEAADCH
Buffero £ A&, BufferfiindexZ BB &0, B H P ETESK
% IndexZEFZE,

o ADCHIEERKIBZ D XEHRE FHPETER,

o ADCEEMEME BRI RIR, 0] FEIR B B, F &8,

e ADCEEZER EI 1 RIE, AIEBFE), B B, /2P Erk
Timer3 Match &322 5,
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mcrocwie - ADC Sample, Conv. Trigger Source

Regional Training

ADCHERHEE — & T &
MATEEFEEHERE

SAMP{M JG(A/D Sample Enable bit),

Sample
SAMP =1

£ {THUER,
£ (T

SAMP=1B31
SAMP=0 8I| A
FEIEUR . SAMPTREE HE
& A T35,

1.F B (SAMP = 1;)
2.BE)(ASAM = 1;)

B B EUEk:SAMP O] HEE RR 12 I, FE | IR BT B 1R, B B AS SAMP
AL, ((BBASASAMERA1AERR)

:NCE

E HESAMPIERRA0BN T,

e F B (E

PIC32MX
7530, 7B BRSAMP .

REE R IR), B B, SN EB R B S Timer3 Match3

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0
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SAMP =0

1.F B (SAMP = 0;)

3.TMR3




L. pocmmmmmmEs

Regional Training
Centers

* SARADCHEENZ & EUR" |
RERMSHR, R
A B I S BB A 5%

ADCRBNERBRE | |« ~@<::f
IS ABERE, = f i

\ < mrrrn T emmann | BRBERE
B KIEISHER HERE . BREE | peweEs
ERFLER MBI DR e

FHIRE R

o ADCHYBUEK B ] B B 1
REHEREERGEENRE, RS ERE T B ARER
ERIEHE, FREAE I E#HDatasheet ERIFHEEE,

o PICI2MXRF|H BB B SL B RRAILT, (FRAREFESE
Datasheet), B LI BB B FE K127 (1 T,5=65nS) o
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MICROCHIP ADC Channel Select

Regional Training
Centers

o ADCHY IF i A A LAUIEIZEANO~ANLS, B iumig A B A 18 1FE 1%
VR-(V¢gr B AV )o

CHOSA/Bx
o Bumim A th o
EEETIANL, =
P RFL5R AR 1R,
BiE AADC :
(BBIREBEN), : N
o EiRZ=H)HE L anis p— S |
HEE!]”EIJﬁ |_;\,1E AN1
MEBHEREIRHE | ass }

Vref-

(GND)o 3

CHONA/Bx
VCFG
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M.c}?cmp Analog or Digital Mode

Regional Training
Centers

o FLE 0ZMI(RXn)HThEEIRFE LbEam A (ANn) XA/, {EMCUTE
Reset/Power Onf& Y FE 5% {H A Analog mode, E X M A B &
AER . AN Rab 2SR, £ 5 R4 E 5t X ADigital
MOdeo

o TEPIC32MXH,iEIBADXPCFGHRERE, a%1ADigital mode, 05
Analog mode -

ADXxPCFG
BitO|| 1 [> ANO [ X| Digital mode
Bit1(| O |F> AN1 | X]| = Analog mode
& 1IN-.-'RF‘2:::;CN!

: L 5> AN?2 YT o ANSIC1IN+/RP2(V/CNTIRES . r—— —

Bit2|| 0 AN2 Analog mode ANG/DACIRM/RP161YCNB/RCO ] '
ANT/IDACILM/RP1TUCNI/RC
E/CVREF/RP18TVPMAZICNIO/RC2

Bitn|| 1 (> ANn | X[ Digital mode
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2 C32 ¥ ADCHIXZE

Regional Training
Centers

o EHMADCEHE

OpenADC10( ): // BRFAADC, 58 EADCIT R,
SetChanADC10( ); //F BN H#ADCXRY EUEE B,
ConvertADC10( ); //FENEEEEER(SAMP ->0)
BusyADC10( ); // BIFAADCR B ICERH?

ReadADC10( ): // BAD BufferiBERADE R EZMNE R,
ConfigIntADC10( ); // fXTEADKY P BB 5o, P ETRA -

o FHHIRAFEZE
32-bit-Peripheral-Library-Guide.pdf,Sec.18 ADC10 Functionso
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MicROCHIP C32 ADC Code Example

Regional Training
Centers

o FHEERVADCHIIRL &R

OpenADC10( ADC_MODULE_ON & ADC_FORMAT _INTG & ..., );
SetChanADC10( ADC_CHO POS SAMPLEA_AN5 & ... );
mPORTAConfig( ... );

O
— 18.0 ADC10 FUNCTIONS
o FEMADCIEEEIH
E E nﬁ Thay PICIZNX bk on ADC wath mulliphe mode and configunation opliang, Tha ADC

Ribsrory Tursctions an pavnilable b allow Righ-level control of the ADC. T following

while( BusyADC10( ) ); e ——
A DVa I u e — Re a d A D C 10( )" ACuraADC 1) - Slans samplé sCquisibon for e curantly seléct channe

BusyADC 104} - Retams the Status of the comeersion dong bil

ClosafDCI0) - Desables and lums off e ADC

(=1= an I ConhgntalDC 1) - Configungs th prorty and sub-peicrty for the ADC imermupt and
i =] E ) A D C 9:': E enablas the nbermupt

CormmarADCTN - Slas a oonverson Bor the aoguinsd samgls

CO n fi g I n tA D C 1 O ErnatseADC 100) - Tums the ADC on

OpenADC1N) - Conhgungs and enables the ADC modub

( ADC_INT_ENABLE & ADC_INT_PRI_4 ); modolsinuse e e LIS Deng R hen Dl

Rt A 100) - Rtunme: thas vy i i Speicified Rocation of tha ADC nesult buller
SelChanADC 10{) - Configures the ADC input multiplexers

181  Individual Functions

Thetir @ne Mo AN RGNS 50 SUpEoIt Bhis modie, nefer 10 e Macno secon

182 Individual Macros
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MIC:C?CH'P Lab4 ADC Slngle (20 mins)

Regional Training
Centers

o ERlELabarENEM L, N AADCRYFHEATDEE.

s REABDNEEFHEREN IFHEERLEESR
AN2o BRI EE R TR,

o FHATimer1E100ms,F BN 2EADCE#2,
o IFFEERTESTAER, A EALCD Module E& EIVR1KI{E(0~1023),

o JEEIAPP1632HYVR1ZZEZ|PICtail PlusHANS/RBSHY il {yz, 1B
APP1632-289PIC32 PIM Module B &k B EBE E R 1Y Bk iZi8
CPURYAN2/RB2Bk$E ZE PICtail PlusyT THIBYANS/RBS,FT LA VR1 B

IEFEIEAR B¥EEZ PIC32MX795 BY AN2/RB2,
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MicrocHIP ADC Auto Channel Scan

Regional Training
Centers

o ZTRAXEHEBBERE FRBUBIBRE(CSCNA=1), T H
FE)ERER : 5

-

\E° C ADXCSSL Z 1]o]1
o ADCEHEIRY -  BmunEER T
tﬂ*ﬁiﬁi‘é’ﬂy - RIANEZBEEMARBEEAD,
BEHER, . Muxp—
TR +
® T§E3Eﬁ3ﬂ AN15 |~ ) S/H ADC
1 (SMPI<3:0>) .
EI‘JEQEEE.I-J’X AVSS \l
HRE|ERE =
Bl{F1EBuffer | Vet /H oA
I:I:l EI‘J jj_:_l:to iEAC
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M|C'§CH“° Lab5 ADC Scan (10 mins)

Regional Training
Centers

o EFTELabSHIENER - ERADCHY TEE,

o Edlab4tH[E), 58 EA B BHURE FEEIRIE T, SMPIFREA?2
Conversions/Interrupt,. BUEIADCIEIE #F M IhEE, IE E RN
AN2(VR1),AN4(VR2) o

o FATimer1&50ms,F B fiFZEADCEHE,

e HASMPIERE A2, — X ERIE RS FETEADCXBUFO, 36 =X
E7FTEADCXBUFl, MIXEBREZB I L APETESR, Buffer IndexE?
= £ADCXBUFOIE#R,

o IFFEERTETTH(1E, A LALCD Module E& EIVR1,VR2HI B
(0~1023),
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MicRoCHIP Ping-Pong Buffer Mode

Regional Training
Centers

o ADCHYBufferfEIR{ERF, B Al BE S 3 £ ADCEECPUE) BFZELAY AR
TIEKER T — S BIENEE

o BEMIBZ, B BuUfferdV IR E X1€,CPUIE % {HFEEBuffer
B, ADC 10 [5] B 7E A% ¥ BV B #8245 R 17 A BufferH,

e ADC Buffer B] LAt Zl 5 /i #R & 8#Y 32-BitHY Buffer, YE A Ping-Pong
Bufferff  (ADCxBUFO~7,ADCxBUFS8~F )% FiARERE ,

o ADCEBARHENR SXENFIMEEE, WIEBBUFSRKIEZER
BelFEM[EE, CPUMLELBEBUFS,1SAADCHFEE 1,
AERE Szl IEER,

o BUFS=0RF, FLRADCXBUFS~FER B3 E ¥, BUFS=18F Rl H
ADCxBUFO~7HVE E #l,
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MicROCHIP Lab6 Timer Trigger ADC (0 mins)

Regional Training
Centers

o EffTELabeMEENNEMR L, &hADCHY TEE,

o REABHEZKETIMERIBEMRER WFEIEEHELEEA
AN2, BHRIPing-Pong Buffer Mode, 8 B B 18 3% #6 = Th 5E.

o EXETimer3E100mS, fE3ADCEHA,

o BHRRADCHETY R VADAEIRZEE R, WHRADFERFEF X
FEVSADEREE,

o R BHRIPing-Pong Buffer Mode, £ 8 EXBufferf, & 7 i 2 BRAD
=) i 12 BN — 1B [E 152, 24 3518 BUFS Bits RHERZADC B B FEXAY

& 3 .

o IFFEERTESTAR, A LALCD Module E& EIVR1KI{E(0~1023),
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T —
ﬂ{g

Mcrace  Serial Communications Module

Regional Training
Centers

e PIC32MX5/6/7RFIKVHRFIBANE M 7 —EFHEE KA
Serial Communications ModuleEXfX, T [R 2 & B % AL FYUART,SP
&IZC MOdUIeo

e Serial Communications Module, 4 T UART,SPIX 12C Module A
— BRI LUREMENEN T H. SEAEHATHES
P A UART, —#ESPIX —#B12C,

e Serial Communications Module A] LA% 5 $2 il 1E B By 8 1%, i 2>
ERIhEEEE @R,

Serial Communication

UART UART

SCMxA SCMxB SCMxC SCMxD
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MICROCHIP Module Options

Regional Training
Centers

RS A AR E R A N B

e Serial Communications Modulei&1®

BB,

Serial Communication

i[R«  Tx TS RIS}------- L ________1xUART with Flow Control_______ .
[Rx T ]i[Rx T }-------1 2 x UARTs no Flow Control
' [soi 500 S5 sak}--o- o AxSPI
'[sDA__scL]i[Rx  Tx f------- L 1 x 12C+ 1 UART no Flow Control______ |
EISDA | SCLIEIGPlo GPIO} ------- o 1x12CwithGPIO . :
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MICROCHIP MQdUIE Options

Regional Training
Centers

- FTEMPIC32MX5/6/7R %), &BHE =#BSerial Communications
Module, 64 Pinsfy otk E8SNE —H B I AISPIMI2C,100
Pins#y o4 BI B — B L BISPI R M #EI12C,

——————————————————————————————————————————————————————————————————————————————————

| UART ’C e | |
: :SC Module | |[UART+Flow UART SPI UART o i i
-P : B !
| UART 12C 12C 5 T |
: :SC Module | |[UART+Flow UART SPI UART - : =
; o = I
S| o
| UART 12C 12C o0 5 0
: ESC Module | |[UART+Flow UART SPI UART E i 0%... i
8 c
: s g
ISPl Module SPI S o
1 -8 : : :
= O
g ; o ! =
i 'SPl Module 1°C a i o i
1 ! 5
................................................................................ " |
2C Module 12C
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e C32 ¥} SC Module BY Xz #

Regional Training
Centers

o HARKERFEIBSerial Communlcatlons Module R 2248 & 51 @A

E’J*E%H NBESKRINEEFeR L EEFAEUAGTRE LN, EH
#:UxMODE,SPIXxCON I2CxCON'§f§éﬁﬁ%§5ﬂ§$“o

e MPLAB C32t3 4% &1 & 5 @ AR A HI B 2 B8, T LAE A
A LA#8Serial Communications Module & /EE BAfi% BB XEIR/E
-1 & 5 @ AR

e PIC32MX5/6/7 R FIBJUART, 2CRSPIFEH| L8 A1EHM ., MPLAB
CRHMMHENEtEFSREM EESWHIFRE T EEME
Ao

e Lab 7, Lab 8,Lab 912 it SEEEAYUART, 12C, SPI Example Code, fE2
ES2E TN ARREBHFHFHE,
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L
R\ Lab7,8,9

MICROCHIP
Regi%nez;ItZasining U A RT’ I ZC’ S P I Exa m p I e COd e

e Lab7 UART Rx Interrupt
UARTUIZ BYDemo Code, T {5 FH 8 flt 4% v M 432 W & %) T2 B Al
Rini FSBERABATimerlBENE FiE, FHERK AR
AN EREE RTELCD Module L,

e Lab812C
12CIZEXfYDemo Code » TZHXAPP1632 EVM Board £ HYI2C
EEPROM. BEMKFHFZEEEPROMBI BBt W iE17E A\ B3R
i BV (B 28 7R FALCD Module k.,

e Lab 9 SPI
SPITFEIHYDemo Code » FEXAPP1632 EVM Board_EHISPI

EEPROM, BEIkFHFEEEPROMBY BBz, W ASFE A EBIE
H BV {E B8 R FALCD Module L,
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MicrROCHIP C32 UART Code Example

Regional Training
Centers

o UART#IZR{LEZEHI

UARTConfigure( UART2 , UART_ENABLE_PINS_TX_RX_ONLY );
UARTSetFifoMode( UART2 , UART INTERRUPT ON_TX_NOT FULL |
UART_INTERRUPT_ON_RX_NOT_EMPTY );

UARTSetLineControl( UART2 , UART DATA_SIZE 8 BITS |
UART_PARITY_NONE | UART STOP BITS 1);

UARTSetDataRate( UART2 , PBFrequency, 9600 );

UARTEnable( UART2 , UART_ENABLE | UART PERIPHERAL | UART TX |
UART_RX);

o UARTHR & 5 R EE I

INTSetVectorPriority( INT_UART_2 VECTOR, INT_PRIORITY_LEVEL 5 );
INTSetVectorSubPriority( INT_UART_2 VECTOR,
INT_SUB_PRIORITY_LEVEL 0 );

INTEnable( INT_U2RX, INT_ENABLED );
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MicROCHIP C32 SPI Code Example

Regional Training
Centers

o SPI¥IER{LEEHI

// SPI Chip Select

mPORTDSetPinsDigitalOut( BIT 12 );

mPORTDSetBits( BIT 12 ):

SpiChnConfigure( SPI_ CHANNEL2 , SPI_OPEN_MSTEN | SPI_OPEN_CKE_REV |
SPI_OPEN_MODES | SPI_OPEN_SIDL ):;

SpiChnSetBitRate( SPI CHANNELZ2 , PBFrequency, 100000 );

SpiChnEnable( SPI_CHANNEL2 , 1),

e SPI Write/Read &5l
while( SpiChnTxBuffFull( SPI_ CHANNEL2 ) );
SpiChnWriteC( SPI_CHANNEL2 , data );
while( !SpiChnDataRdy( SPI_ CHANNEL2 ) );
SpiChnReadC( SPI_CHANNEL?2 );
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MicRocHIp C32 I2C Code Example

Regional Training
Centers

o RCHItRLERHI
I2CConfigure( /12C1,0);
I2CSetFrequency( /2C1 , PBFrequency, 100000 );
I2CSetSlaveAddress( /2C1, 0x00, 0x00, 12C_USE_7BIT_ADDRESS );

I2CEnable( /12C1, 1 );

* 12C Write/Read &5 {5l
while ( !( 12CGetStatus( /2C1 ) & I2C_START) );
while( '12CTransmitterlsReady( /12C1) );
12CSendByte( /2C1 , SalveAddr & Oxfffe );
while( '12CTransmissionHasCompleted( /2C1 ) );
while( '12CByteWasAcknowledged( /12C1) );
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. Reference Data




Voltage Regulator

PIC32 requires only a 3.3V nominal voltage
source.

Internal Voltage Regulator provides 1.8V core
voltage

Saves design cost and complexity

VREG
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Power On Reset

When Supply voltage is first applied, this peripheral holds the device in Reset for
a short time, allowing the supply to become stable before allowing the

processor to start executing code.
Controller begins

Delay Time executing code

Voltage

Voltage is equal to or greéter than Vmin

POR Time

Slide 129
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Brown Out Reset

If enabled, this peripheral will reset the microcontroller if
the Source Voltage drops below a certain level, or Trip
point. We want this to happen, because the program

could behave erratically if voltage is bad.
Controller Resets at
this point!

Voltage

L Tnppoint | | N

Time

BOR

Slide 130
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Low Voltage Detect

Low Voltage Detect and High/Low Voltage Detect

e  Monitor Supply Voltage and trigger an Interrupt if voltage crosses the detect value

Interrupt requested
at this point!

Voltage

Time

LvD

Slide 131
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U S B OTG USB OTG E

PIC32MX4xx

The PIC32MX USB module includes the following features:
eUSB Full-Speed Support for Host and Device
eLow-Speed Host Support
*USB On-The-Go (OTG) Support
e|ntegrated Signaling Resistors
e|ntegrated Analog Comparators for Vbus Monitoring
e|ntegrated USB Transceiver
eTransaction Handshaking Performed by Hardware
*Endpoint Buffering Anywhere in System RAM

eIntegrated DMA Controller to Access System RAM and Flash
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16 bit Timers

All PIC32 Timers are 16 bit. There are two types, A and B.
All timers have the following features:
¢16 bit Timer/Counter
eSoftware-Selectable internal or external clock
eProgrammable interrupt generation and priority
eGated external pulse counter
Type A Timers additionally have:
e Async Timer/Counter with a built in OSC
eCan operate during CPU Sleep mode
eSoftware selectable Prescalers, 1:1, 1:8, 1:64, and 1:256
Type B Timers additionally have:
e Ability to concatenate into a 32 bit timer/counter
eSoftware Prescalers 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:256

eEvent Trigger Capability

16-bit Timers
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Power On Reset

Watchdog

e |If enabled, a counter increments from O to
some value on a regular interval of time

e The program should have provisions to
occasionally set the counter value back to
Zero.

e |f the counter ever overflows, the
processor will be reset.

e This is a means of bringing an out of
control process back into control.

e (Can be used to bring the controller out of
SLEEP or IDLE mode
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10 bit ADC

*10 bit SAR Analog to Digital Converter
eUp to 16 Analog Input pins

eExternal voltage Reference Input Pins A/D, 10-bit, 16 ch.

eOne unipolar differential Sample-andHold Amplifier
e Automatic Channel Scan mode

eSelectable Conversion Trigger Source

*16 word Conversion result buffer

eSelectable Buffer Fill modes

eEight Conversion result format options

eOperation during CPU SLEEP and IDLE possible
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GPIO

High Sink/Source current capabilities
Drive an LED directly!

Individual output pin Open Drain
Enable/Disable

Individual input pin Pull-Up Enable/Disable

Monitor select inputs and generate
interrupt on mismatch condition

Operate during CPU SLEEP and IDLE modes

Fast bit manipulation using CLR, SET and INV
registers

GP1/0
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UARTS

eFull-duplex, 8-bit or 9-bit data transmission
eEven, odd or no parity options (for 8-bit data)
*One or two Stop bits

eHardware auto-baud feature

eHardware flow control option

eFully integrated Baud Rate Generator with 16-bit prescaler

eBaud rates ranging from 76 bps to 20 Mbps at 80 MHz UART - 2

¢4-level-deep First-In First-Out (FIFO) transmit and receive data buffer
eParity, framing and buffer overrun error detection

eSupport for interrupt only on address detect (9th bit = 1)

eSeparate transmit and receive interrupts

e Loopback mode for diagnostic support

*LIN 1.2 protocol support

¢|rDA encoder and decoder with 16x baud clock output for external

IrDA encoder/decoder support
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12C Module

The Inter-Integrated Circuit (12C'™) module is a serial
interface useful for communicating with other
peripheral or microcontroller devices.

The 12C module can operate in any of the following 12C
systems:

eAs a slave device

*As a master device in a single master system
(slave may also be active)

*As a master/slave device in a multi-master system
(bus collision detection and arbitration available)

12C™ -2
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Serial Peripheral Interface

The Serial Peripheral Interface (SPI) module is a synchronous
serial interface useful for communicating with external
peripherals and other microcontroller devices.

Following are some of the key features of this module:
eMaster and Slave modes support
eFour different clock formats
eFramed SPI protocol support
eUser configurable 8-bit, 16-bit, and 32-bit data width
eSeparate SPI shift registers for receive and transmit

eProgrammable interrupt event on every 8-bit, 16-bit,
and 32-bit data transfer

SPI™ -2
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Input Capture

Can capture
ICx Input Timerd Timer2 G
l every rising or
falling event,

s W | and can count

|
|
| FIFO Control
|
|

|
| _ . . every 4th or
Y f-1- = - 7 = = o IOXBUF<31:16> |} ICxBUF<15:0> |—
o) copmommt [PF ] <] 0 | —|16thewent

|
|
|
|
1
)
|
| | |
! |
! |
i
|

ICM=2:0=>

ICFEDGE Icov
ICM<2:0> T |
7 ' R ' Interrupt ! Cap/Com/PWI\/I -5
D ICXCON - - Event
T - —ICI<1:0= - Generation I

= [ata Space Interface

!

Interrupt Peripheral Data Bus

© 2008 Microchip Technology Incorporated. All Rights Reserved. MCU4101T v2.0 Slide 140



Output Compare/PWM

The following are some of the key features of
the Output Compare module:

e Multiple output compare modules in a device

eSingle and Dual Compare modes

eSingle and continuous output pulse generation
ePulse-Width Modulation (PWM) mode
eProgrammable interrupt generation on compare event

eHardware-based PWM Fault detection and automatic
output disable

eProgrammable selection of 16 or 32-bit time bases Cap/Com/PWM -5

eCan operate from either of two available 16-bit time bases
or a single 32-bit time base
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Real Time Clock/Calander

Intended for applications where time must be
maintained with minimum intervention from
the CPU.

Optimized for low-power usage

100-year clock and calendar with automatic
leap year detection

Range of clock is from 00:00:00 (midnight) on
January 1, 2000 to 23:59:59 on December 31,
2099

Available in 24-hour (military time) format. | RTCC

Granularity of one second with half-second
visibility to the user.
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Parallel Master Port

Parallel 8-bit/16-bit I/0 module specifically designed to communicate
with a wide variety of parallel devices

Highly configurable

Key features of the PMP module include:
eUp to 16 programmable address lines
eUp to two Chip Select lines

eProgrammable strobe options - individual read and write strobes,
or - read/write strobe with enable strobe

eAddress auto-increment/auto-decrement

eProgrammable address/data multiplexing

eProgrammable polarity on control signals

e|Legacy parallel slave port support

eEnhanced parallel slave support - address support - 4-bytes-deep,

auto-incrementing buffer i PMP16-bit Data |
eProgrammable Wait states

eFreeze option for in-circuit debugging
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Analog Comparator

Can be configured in a variety of ways.
Selectable inputs available include:

e Analog inputs multiplexed with |/O
pins

eOn-Chip Internal Absolute Voltage
Reference (IVREF)

eComparator Voltage Reference
(CVREF)

Outputs can be inverted

Selectable interrupt generation

Analog Comp- 2
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