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Regional Training

m PIC32 32-bits Zef&iik
= MPLAB C32 &4

m PIC32 g KA1 =(
n B ERYE € B
> PIC32 Configuration BT EERYER E
> {5 PIC32 By functions & macros 52k 110 BYER(E
> PIC32 #yhEreE{EEL MPLAB C32 ¥4 ErHY support
> Core Timer B/ 4B Ei{E
> General Purpose Timer {4 4EEiER/E
> PMP Module — &) LCD 541
> ADC HVER{ESRE
» UART (Optional)
» 12C (Optional)
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PIC32 Introduction




R The PIC® Microcontroller

MICROCHIP

= DE@VElopment Platform (Cont’d)

Centers

Integration

(o)
(o)
\
PIC10/12 @@@

Performance
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MICROCHIP
Regional Training
Centers

RR'CHENIO LOGIES

MIPS32® M4K® Core

MIPS32 M4K fViF
High Performance

¢ Low Power

Small Core Size

t Broad Software

| | Ecosystem
Interface ebugging Widely Accepted

Expandability

Mul/Div
Unit

IPS32™ 32-bi
execution unit
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R\ MIPS® M4K® Core

MICROCHIP , , ,
With Microchip Enhancements

Regional Training
Centers

s The MIPS engine o
m Up to 80 MHZ l n-‘u-unuumta---cwﬁ LT TP T T
= 1.56 DMIPS/MHz measured i

m 32 32-bit core registers with shadow
set

m 32-bit ALU, single cycle MAC

m Microchip system enhancements for
embedded performance

m 256 byte prefetch cache
= Low-latency vectored interrupt
controller

= Bus Matrix for parallelism e
32-bit instr. mode for best speed

= Debugging _ 16-bit instr. mode for small code size
= Hardware Trace with debug support £asy to mix modes in single source

s JTAG and Boundary Scan file

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 7
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M(Z{E\cm PIC32 Microcontroller Key

Regional Training

Centers F e at u re S Direct Memory Access Controller,

AL RL =| y With Integrated CRC Module...
(e o Operates in Idle Mode

32-bit MIPS M4K® Core,
Harvard Architecture,
Single Cycle Hardware MAC,

Fast Interrupts & Context Switch: NMIFES  M4K 32-bit Core P / @
/ LR

* 80 MHz, 1.5 DMIPS/MHz

I . .
] + 5 Stage Pipeline, 32-bit ALU Integrated Connectivity

Peripherals for fast cost

st | S2Core e GRS oo effective operation: 10/100
——— HW : .
OTG

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

High Throughput Bus MatriX, e
which Supports High Speed
Concurrent Access to Memories

and Peripherals

]

|

N |
]

|

|
: Compatible with Microchip
1}

]

|

]

: Development Tools
7 MPLAB® ICD 3, MPLAB
512KB 128-bit wide : Prefetch ] B , o REAL ICE™, PICKit™ 3,
Self-programmable Flash, 1 g;'f;e’ Flash SRAM PM3
Predictive Instruction Pre-fetch . :
256 Byte Lockable Cache
128K RAM BB T T Tl
i .
i Parallel -bi Capture C?)umt;‘;::e Timers Smgle 2.3t0 3.6V Supply
- Port (5) PWM (5) (5) Power On Reset,
_ : e : Brown Out Reset,
16-bit Parallel Master Port, B I Comparators * Low Voltage Detection
Connect SRAM, Flash, ; ,
QVGA e e e s By

Rich Integrated Analog
' _ and Digital peripheral set,
"""""""""""""""""" Compatible with 16-bit

P1C® Microcontrollers

LCDs or other Peripherals

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 8
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M(Z\SCH,, Silicon Highlights

Regional Training
Centers

s Compatible with PIC24/dsPIC33
m Pin, Peripheral, and Library Compatible

m Higher Performance
= MIPS32® Core at 80 MHz
= Upto 4 Channels of DMA (PIC32MX3/4 Family)
m Upto 16 Channels of DMA (5/6/7 Family)

= More Memory
s 512 + 12 Kbytes Flash, Up to 128 KB RAM
m Pre-fetch buffer w/cache

MICROCHIP

m Fast Interrupts

= Hardware Vectored Interrupt Controller P’ :

s Full 32 Register Shadow Set

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 9



R Compatibility and Performance

MICROCHIP

wEET BT - DUE AR UART Al

PIC18F PIC24F PIC32MX

SPEN| RX9 CREN|ADDEN FERR |OERR|RX9D SPEN|UFRZ|USIDL | IREN [RSTMD|ALTIO| UEN1 | UENO ON | FRZ [ SIDL | IREN |[RSTMD|ALTIO| UEN1 | UENO
TX9 |TXEN |SYNC|SENDB|BRGH |TRMT | TX9D WAKE LPBACK| ABAUD |RXINV |BGRH |PDSEL1|PDSELO| STSEL WAKE LPBACK| ABAUD | RXINV |BGRH |PDSEL1|PDSELO| STSEL
ABDOVE|RCMT[DTRXP |CKTXP|BRG16 WUE |ABDEN TXISEL1|TXINV [TXISELO TXBRK|TXEN|TXBF TRMT TXISEL1|TXINV [TXISELO TXBRK|TXEN|TXBF TRMT
RCISEL1[RCISELOADDEN|RIDLE|PERR [FERR | OERR|RCDA RCISEL1 RCISEL(1ADDEN RIDLE|PERR |FERR |OERR|RCDA

+ Basic control (RX/TX) * Basic control (RX/TX) « Basic control (RX/TX)
* 9-bit mode * 9-bit mode * 9-bit mode
« Address detect « Address detect * Address detect
 16-bit baud rate generator + 16-bit baud rate generator + 16-bit baud rate generator
* LIN support * LIN support * LIN support
<Auto-baud, wake, sync *Auto-baud, wake, sync *Auto-baud, wake, sync
 Polarity  Polarity « Polarity
« Error checking « Error checking  Error checking
* Parity « Parity
* Flow control * Flow control
* IRDA + IRDA
« Address matching
« DMA

Peripheral Library APIs Make Code Transition Seamless

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 10 @



SO  EEFR PIC32 HYERERLS

Regional Training
Centers

MPLAB® ICD 3

Features/Speed/Trace

usb  $70 $220

=

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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MICROCHIP

Regional Training
Centers

PICkit 3

Debugger/Programmer HJ 5L H]

‘ﬂ_.

s Microchip MCU {3 ICD/ICSP 5HEL Debugger/Programmer

s APP1632 Ay PIC32MX795F512L 4Eit5E 2 4H{=57 0] {iL5esE

= PGED1/PGEC1, PGED2/PGEC2
s F—HA I AZREETEZE Debug HE Configuration Bits 1882y

s /£ MPLAB IDE FE[F%I| User ¥} Configuration bits FY5% Bl

= PICkit 3 VT EHIEZEL T

FIGURE 1-2: PICKkit™ 2 PROGRAMMER CONNECTOR PINOUT

Pin 1 Indicator

Pin Description*

1 =Vep/MCLR

2 = VDD Target

3 = Vss (ground)
4 = |ICSPDAT/PGD
5 = ICSPCLK/PGC
6 = Auxiliary

>

OB WN =

*  The 6-pin header (0.100" spacing) accepts 0.025" square pins.

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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EI@ ===q =
mcocwe  PIC32 ICD/ICSP {S5ER{ir
——— = L E
Regional Training
Centers
SSZA/U?BRXIU2ACTSIPMA2!CN1T;;§ : - PIC32MX575F512L
- 14 PIC32MX575F256L
vss[ 115
voo[ ] 16
TMS/RAD 17
INT1/RES 18
INT2/REQ 19
ANS/C1IN+/VBUSON/CN7/RBS [_| 20
AN4/C1IN-/CNB/RB4 [_| 21
AN3/C2IN+/CNS/RB3 [ | 22
AN2/C2IN-/CN4/RB2[_| 23
PGEC1/AN1/CN3RB1[_| 24
PGED1/ANO/CN2/RBO[ ] 25
\?9'&82285%833838335?‘3
~ o O w QO - 0 - MO NN T
§8§5§§§§55§§§££555
S << - xKx groroo
w E5&a ORIl S 3
goTe 00%% 55%%5
sd8f 22%: 22533
Ses? 2233 X2z 33
O 9> & E o< <g
8 L 9 - Qo 5
> 4 S 3 E
3 = 2 24
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Regional Training
Centers

S Er
ﬁ‘“ﬁi R

T BN EEHENS
AR EY 4R T =

‘.

Features PIC24F PIC24H dsPIC33F PIC32
16-bit core with single cycle instructions (24-bit
instructions)
Core Power of 3 operand instructions 80MHz 32-bit ALU

Working Registers

Sixteen, 16-bit

Thirty two, 32-bit

Hardware DMA NO YES YES YES
Performance 16 MIPS 40 MIPS 40 MIPS 1.52 DMIPS/MHz
Voltage 3.3V 3.3V 3.3V 3.3V
Packa_ge 28 - 100 Pins 18 - 100 Pins 18 - 100 Pins 64 - 128 Pins
DSP NO NO YES NO

-40 to 85DegC [-40 to 85Deg C
Operating -40 to 85Deg C |-40 t0125DegC (-40 t0 125 Deg C |-40 to 85 Deg C
Temperature -40 t0 125 Deg C (-40 t0 140 Deg C |-40 t0 140 Deg C
Flash 16K to 256K  [12K to 256K 12K to 256K 32K to 512K
RAM 4K to 16K 1K to 30K 1K to 30K 8K to 128K

Low Power High Performance [High Performance |High Performance

Scale Performance in MIPS & Add Computational Power
Across 4 Code-Compatible Families Of Products

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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N PIC32MX3 ( 25—t PIC32)

MicrocHIP i}
General Purpose Family
~|__16-bit Timers
N Watchdog
—{A/D, 10-bit, 16 ch.
Interrupt 0 ]
80MHz MIPS 32-bit Core | Conwol | Sl
32-bit ALU Vectored | UART-2
5 stage pipeline| |Interrupt Ctrl g - [2C™ - 2
32-bit HW 32 Core — SPI™ - 2
MUL / DIV Registers
. ~ICap/Com/PWM - 5
ore
JTAG Registers N RTCC

PMP16-bit Data
| Analog Comp- 2 |

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 16



R PIC32MX4 ( £ —4%)

MICROCHIP

Rogtorat Tl USB 2.0 Family

USB OTG %

L__16-bit Timers
a Watchdog
—A/D, 10-bit, 16 ch.
Interrupt Y a
80MHz MIPS 32-bit Core Control ?‘;'; GP1/O
32-bit ALU Vectored ,,‘-'i B UART - 2
5 stage pipeline| |Interrupt Ctrl g N 12C™ _ 2
32-bit HW 32 Core a SPI™ -
MUL / DIV Registers
32 C ~|Cap/Com/PWM - 5
ore
JTAG Registers 1 RTCC |
PMP16-bit Data
~| Analog Comp- 2

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 17



R PIC32MX5/6/7 (5=4t)

MICROCHIP

New Peripheral Integration

Carries Forward:
 Existing USB On-the-Go peripheral
« Same pin out as PIC32MX4 (USB) family
« Same high performance core

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 18
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MICROCHIP

Regional Training
Centers

PIC32MX5
USB OTG + 1 ECAN Family

512 KB 128 KB 8 Ch. 1x USB
Flash RAM ||GPDMA|| ECAN || OTG
Pre-Fetch + Cache 2 DMA ch.

New
Additions

80MHz MIPS 32-bit Core

Interrupt

5 x 16-Bit Timers

Control

Watchdog

A/D, 10-bit, 16 ch.

GPIO - 85

UART - 6

I2c™ - 5

SPI™ - 4

sng |eJaydiiad

IC/OC/PWM 5

32-bit ALU Vectored
5 stage pipeline Interrupt Ctrl
32-bit HW 32 Core
MPY / DIV Registers
JTAG 32 Core
Registers
VREG POR BOR LVD

RTCC

8/16-Bit PMP

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP

PIC32MX5

Regional Training
Centers

High-Performance 32-bit RISC CPU: "

MIPS32® M4K™ 32-bit Core with 5-Stage "
Pipeline
80 MHz Maximum Frequency

1.56 DMIPS/MHz (Dhrystone 2.1) Performance
at 0 Wait State Flash Access

Single-Cycle Multiply and High-Performance
Divide Unit

g_IPS16eT"' Mode for Up to 40% Smaller Code
ize

Two Sets of 32 Core Register Files (32-bit) to
Reduce Interrupt Latency

Prefetch Cache Module to Speed Execution
from Flash

Microcontroller Features:

Operating Voltage Range of 2.3V to 3.6V

256K to 512K Flash Memory (plus an
additional 12KB of Boot Flashs)

64K SRAM Memory
Multiple Power Management Modes

Multiple Interrupt Vectors with Individually
Programmable Priority

Fail-Safe Clock Monitor Mode
Configurable Watchdog Timer with On-Chip n

Low-Power RC Oscillator for Reliable -
Operation

Packaging: 64/100 Pin TQFP and QFN
Temperature: -40 to +85 Deg C

USB OTG + 1ECAN Family

Peripheral Features:

Up to 4-Channel Hardware DMA with Automatic

Data Size Detection

USB 2.0 Compliant Full Speed Device and

On-The-Go (OTG) Controller

USB has a Dedicated DMA Channel

CAN module:

- 2.0B Active with DeviceNet™ addressing support

- Dedicated DMA channel

10 MHz to 40 MHz Crystal Oscillator

Internal 8 MHz and 32 kHz Oscillators

Up to 512C™ Modules

Up to 4 SPI Modules

Six UART Modules with:

- RS-232, RS-485 and LIN 1.2 support

- IrDA® with On-Chip Hardware Encoder and Decoder
Parallel Master and Slave Port (PMP/PSP)

Hardware Real-Time Clock/Calendar (RTCC)

Five 16-bit Timers/Counters

Five Capture Inputs,Five Compare/PWM Outputs
High-Speed I/0 Pins Capable of Toggling Up to 80 MHz
High-Current Sink/Source (18 mA/18 mA) on All I/O Pins

Analog Features:

Up to 16-Channel 10-bit Analog-to-Digital Converter:
- 1000 ksps Conversion Rate

- Conversion Available During Sleep, Idle

Two Analog Comparators

5V Tolerant Input Pins (digital pins only)

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP

Regional Training
Centers

PIC32MX6
USB OTG + Ethernet Family

80MHz MIPS 32-bit Core

32-bit ALU Vectored
5 stage pipeline Interrupt Ctrl
32-bit HW 32 Core
MPY / DIV Registers
JTAG 32 Core
Registers
VREG POR BOR LVD

USB
512 KB 128 KB 8 Ch. USB 10/100
Flash RAM ||GP DMA OTG MAC
Pre-Fetch + Cache 2 DMA ch. 2 DMA ch.

Interrupt
Control

sng |eJaydiiad

New
Additions

— 5 x 16-Bit Timers

] Watchdog

—1 A/D, 10-bit, 16 ch.

— GPIO - 85

] UART - 6

— 1rc™-5

— sPI™-4

—1 IC/OC/PWM 5

— RTCC

—| 8/16-Bit PMP

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP

f{s\

Regional Training

Centers

High-Performance 32-bit RISC CPU:
s MIPS32® M4K™ 32-bit Core with 5-Stage
Pipeline
80 MHz Maximum Frequency

1.56 DMIPS/MHz (Dhrystone 2.1) Performance
at 0 Wait State Flash Access

= Single-Cycle Multiply and High-Performance
Divide Unit

" g_IPS16eT"' Mode for Up to 40% Smaller Code
ize
s Two Sets of 32 Core Register Files (32-bit) to
Reduce Interrupt Latency

m Prefetch Cache Module to Speed Execution
from Flash

Microcontroller Features:
m  Operating Voltage Range of 2.3V to 3.6V

m 256K to 512K Flash Memory (plus an
additional 12KB of Boot FIashs)

m 64K to 128K SRAM Memory
m  Multiple Power Management Modes

m  Multiple Interrupt Vectors with Individually
Programmable Priority

m  Fail-Safe Clock Monitor Mode
m  Configurable Watchdog Timer with On-Chip

m  Low-Power RC Oscillator for Reliable
Operation

Packaging: 64/100 Pin TQFP and QFN
Temperature: -40 to +85 Deg C

PIC32MX6
USB OTG + Ethernet Family

s Peripheral Features:

Up to 4-Channel Hardware DMA with Automatic

Data Size Detection

USB 2.0 Compliant Full Speed Device and

On-The-Go (OTG) Controller

USB has a Dedicated DMA Channel

10/100 Mbps Ethernet MAC with MIl and RMII interface:
- Dedicated DMA channel

10 MHz to 40 MHz Crystal Oscillator

Internal 8 MHz and 32 kHz Oscillators

Up to 5 12C™ Modules

Up to 4 SPI Modules

Six UART Modules with:

- RS-232, RS-485 and LIN 1.2 support

- IrDA® with On-Chip Hardware Encoder and Decoder

Parallel Master and Slave Port (PMP/PSP)

Hardware Real-Time Clock/Calendar (RTCC)

Five 16-bit Timers/Counters

Five Capture Inputs,Five Compare/PWM Outputs

High-Speed I/O Pins Capable of Toggling Up to 80 MHz

High-Current Sink/Source (18 mA/18 mA) on All I/O Pins

Analog Features:

Up to 16-Channel 10-bit Analog-to-Digital Converter:
- 1000 ksps Conversion Rate

- Conversion Available During Sleep, Idle

Two Analog Comparators

5V Tolerant Input Pins (digital pins only)

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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Mlc:c?cmp

Regional Training
Centers

PIC32MX7 USB OTG+ 2 ECAN +
Ethernet Family

80MHz MIPS 32-bit Core
32-bit ALU Vectored
5 stage pipeline Interrupt Ctrl
32-bit HW 32 Core
MPY / DIV Registers
JTAG 32 Core
Registers
VREG POR BOR LVD

512 KB 128 KB 8 Ch. 2 x USB || 10/100
Flash RAM GP DMA|| ECAN OTG MAC
Pre-Fetch + Cache 2 DMA ch. 2 DMA ch.

New
Additions

Interrupt

5 x 16-Bit Timers

Control

Watchdog

A/D, 10-bit, 16 ch.

GPIO - 85

UART - 6

I2c™ - 5

SPI™ - 4

sng |eJaydiiad

IC/OC/PWM 5

RTCC

8/16-Bit PMP

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

s High-Performance 32-bit RISC CPU:
s MIPS32® M4K™ 32-bit Core with 5-Stage Pipeline
= 80 MHz Maximum Frequency

1.56 DMIPS/MHz (Dhrystone 2.1) Performance at 0
Wait State Flash Access

s Single-Cycle Multiply and High-Performance
Divide Unit
MIPS16e™ Mode for Up to 40% Smaller Code Size

Two Sets of 32 Core Register Files (32-bit) to
Reduce Interrupt Latency

s Prefetch Cache Module to Speed Execution from
Flash

™ Microcontroller Features:
m  Operating Voltage Range of 2.3V to 3.6V

m 256K to 512K Flash Memory (plus an additional
12KB of Boot Flash)

m 64K to 128K SRAM Memory
Multiple Power Management Modes

m  Multiple Interrupt Vectors with Individually
Programmable Priority

m  Fail-Safe Clock Monitor Mode
m  Configurable Watchdog Timer with On-Chip
m  Low-Power RC Oscillator for Reliable Operation

Packaging: 64/100 Pin TQFP and QFN
121-pin BGA
Temperature: -40 to +85 Deg C

PIC32MX7
USB OTG+ 2 ECAN + Ethernet

Peripheral Features:

Up to 8-Channel Hardware DMA with Automatic

Data Size Detection

USB 2.0 Compliant Full Speed Device and

On-The-Go (OTG) Controller

USB has a Dedicated DMA Channel

10/100 Mbps Ethernet MAC with MIl and RMII interface:

- Dedicated DMA channel
CAN module:
-2, CAN2.0B Active with DeviceNet™ addressing support
- Dedicated DMA channel

10 MHz to 40 MHz Crystal Oscillator
Internal 8 MHz and 32 kHz Oscillators
Up to 512C™ Modules
Up to 4 SPI Modules
Six UART Modules with:

- RS-232, RS-485 and LIN 1.2 support

- IrDA® with On-Chip Hardware Encoder and Decoder
Parallel Master and Slave Port (PMP/PSP)
Hardware Real-Time Clock/Calendar (RTCC)
Five 16-bit Timers/Counters
Five Capture Inputs,Five Compare/PWM Outputs

Analog Features:

Up to 16-Channel 10-bit Analog-to-Digital Converter:
- 1000 ksps Conversion Rate

- Conversion Available During Sleep, Idle

Two Analog Comparators

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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e MCU4101 {&

Regional Training

> N
vl ¥ 2
Centers

m PIC32 RTC (MCU4101) Fr{E BV E Eath £ -
APP1632 or Explorer-16

s EHiER CPU 54 (APP1632-2 )R &EHY
CPU: PIC32MX795F512L-801/PT

F512 : 512K Bytes Flash Memory

L :100-pin, H: 64-pin

80 : B =FfTERE 80MHz

| RARTIERERAE( -40 °C ~ +85 °C)

PT : TQFP ;&EEIA 43S
> APP1632-1 & APP1632-3 CPU {E2H ] 7 #&

PIC24FJ GA or PIC24FJ GB Family

YV V. V V V




PIC32 Memory Organization




>,
Mﬁg:mp Unified Memory Map

Regional Training
Centers

\
Boot Flash
Config Flash
Peripherals char *pointer;
Flash pointer = <32-bit>
RAM
) | No Need for rom OR psv pointers

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 27
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MICROCHIP

Virtual & Physical Memory

Centers

= Physical Memory
» TR HVEERG AL 2 F B AR (Physical) TR » &a

= Program Memory
= Data Memory

= Peripherals
s DMA & Flash Controllers {EFi BB EE

= Virtual Memory

n CPU Fiff
n EFHTE <RI A T

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 28
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Regional Training
Centers

s Boot Flash is 12KB for Boot Flash. | 0x1rco 0000
all parts Peripherals

m Peripherals are memory | |
-mapped

m User Flash is 32K to
512K depending on
device

= RAM 8K to 128K

0x1F80 0000

0x1D00 0000

0x0000_0000
EisC B e 2= ]

4GB - BIEEAE]
512MB

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 29



o Kernel & User Mode &%

MICROCHIP

s C32 {§FH Kernel Mode {712
m Kernel Mode

In order to access many of the hardware resources, the processor must be operating in Kernel
mode. Kernel mode gives software access to the entire address space of the processor as well

as access to privileged instructions.

The processor operates in Kernel mode when the DM bit in the DEBUG register is '0" and the
STATUS register contains one, or more, of the following values:

UM=20 ERL=1 EXL=1

m User Mode

When executing in User mode, software is restricted to use a subset of the processor’s
resources. In many cases it is desirable to keep application-level code running in User mode
where if an error occurs it can be contained and not be allowed to affect the Kernel mode code.

Applications can access Kernel mode functions through controlled interfaces such as the
SYSCALL mechanism.

As seen In Figure 2-12, User mode software has access to the USEG memory area.

To operate in User mode, the STATUS register must contain each the following bit values:

UM=1 EXL=0 ERL=20

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 30
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Regional Training
Centers

512MB

For EJTAG probe only
Not used in PIC32

Non-cacheable Kernel
Cacheable Kernel

512MB
512MB

512MB

2GB

Cacheable Kernel & User

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 31
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MQHIP Fixed Mapping Translation

Regional Training
Centers

Virtual Addresses (VA) Physical Addresses (PA)

512MB

512MB

2GB

0x0000_0000

CPU uses VA, Peripherals (DMA , Flash Controllers) use PA
kseg0 & kseg1 ¥} fEF|[F—YR EARELIEAS (512MB)

kseg0 =Z#&tE < HHLIIAE

Kseg1 A =Zi&TE < RAIRE

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 32
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2 PIC32 RESET %JE

Regional Training
Centers

= J&E R % PIC32 RESET M3

MCLR
Glitch Filter MCLR
SLEEP or IDLE ' \ WDTR
WDT /
Voltage Time-Out —
Regulator \ \
Enabled g )
_[Power-up _D_Y\ POR
Timer |—}_/ SYSRST
VDD
VoD Rise
Detect @ _Z
Brown-out BOR
] Reset
Configuration
Mismatch
Reset CMR
Software Reset SWR
© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 33
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an‘?mp PIC32 RESET

Regional Training
Centers

s |5 RESET %} RCON E{Fz3+ & HHBEEN = E
s RESET firiik & KSEG1 - Boot Flash #2%
= BFC0_0000h

= MPLAB C32 V5

¥ t |
ol
R L

BH G AR Tl

o

Condition Program Counter E % g iD 2 g g %

w|» |3 |3 = I S B B -

Power-on Reset BFCO_0000h ( | o oo | 1] 1
Brown-out Reset BFCO_0000h ol ol o]lofloflo] 1] u
MCLR Reset during Run Mode BFCO_0000h 1l ufu|ufu|ulu]u
MCLR Reset during IDLE Mode BFCO_0000h 1 lufufu |1 ufu|u
MCLR Reset during SLEEP Mode BFCO0_0000h 1l u | uw |1 u|fu]|ulu
Software Reset Command BFCO_OOOOh u 1 u u u u u u
Conﬂguration Word Mismatch Reset BFCO_OOOOh u u u u u 1 u u
WDT Time-out Reset during Run Mode BFCO_0000h u u 1 u u u u u
WDT Time-out Reset during IDLE Mode BFCO_0000h ulu| 2 lu |1 u|ulu
WDT Time-out Reset during SLEEP Mode BFCO_0000h u fu | 21 ulu|ulu
Interrupt Exit from IDLE Mode Vector u | u u (1 u | u | u
Interrupt Exit from SLEEP Mode Vector u u 1| u u u u

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 34
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merocke  Program Memory Partitioning

Regional Training

s When RESET

= The user partition does not exist
= BMXPUBPBA is initialized to “0”

s RESET Address @ Boot Flash in KSEG1
s VA @ BFC0_0000h, PA @ 1FC0_0000

= Program Flash Memory mapped to Kernel
mode program space

= Virtual address : KSEG1 ( 0xBD00_0000 )
= PA @ 0x1D00_0000

m Virtual address : KSEGO ( 0x9D00_0000 )
s PA @ 0x1D00 0000 (5 RETHAE)
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MicROCHIP PIC32 Memory Mapping

Regional Training
Centers

Physical Addresses

0x1FCO0:0000

0x1F80:0000

0x1D00:0000

0x0000:0000
0x1FC0:0000

0x1D00:0000

0x0000:0000

—_—

—_—

_ . RAM ]

Virtual address

< 0xBFC0:0000

< 0xBF80:0000

< 0xED00:0000

< 0xA000:0000
< 0x9FCO0:0000

< 0x9D00:0000

< 0x8000:0000

Kseqgl

KsegO0

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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Regional Training
Centers

1. Reset & PC k%] 0xBFCO0_0000
(KSEG1 Boot Flash)I#{T

C32 Boot Flow-1

Virtual address

< 0xBFC0:0000

2. KSEG1 {Jj#1%] KSEGO #Y Boot Flash < 0xBF80:0000 &,
4= Q
@ 0x9FCO_0490 /T - u
< 0xED00:0000
PC = 0x9FC0:0000 + offset
— *
(1168 - 0X490) KsegO < 0xA000:0000
- 0x9FCO0:0000
Address Virtual Opcode Disassenbly N
1D07_FFFQ FFFFFFFR_ =d ra,-1(ra) o
1D07_FFF4 FFFFFFFF \ad ra,-1(ra) o
1D07_FFF3 FFFFFFFF =8 ra,-1(ra)
1D07_FFFC FFFFFFFF  =d ra,-1(ra) a
Boot ash Mewory Cl)
1FCO 0000 BFCO 0000 3C1A9FCO  lui k0, 0x9£cO e
IBGIGLRGEY EFCO 0004 27540490 k0, kO, 1168 - 0x9D00:0000
1FCO_0008 BFCO_0003 03400008 jr k0 :
1FCO_0D0OC BFCO_000C 00000000 nop
1FCO_0010 FFFFFFFF  =d ra,-1(ra)
1FCO_0014 FFFFFFFF  =d ra,-1(ra)
1FCO_0018 FFFFFFFF  sd ra,-lira] < (0x8000:0000
1FCA NN1C FFFFFFFF ad ra.-11iral hs
<
Data View | Code View |
© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 37
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MQH'P C32 Boot Flow-2

Regional Training
Centers

3. 27 KSEGO /1y Boot Flash g5 Virtual address
$RET C32 HYFJIRELE ° |

< 0xBFC0:0000

< 0xBF80:0000 g
Address Virtual Opcode Disassenbly s m
1FCO_04584 RRRRRRRR M
1FCO_0488 FFFFFFFF sd ra,-1(ra) - 0xBD00:0000
1FCO 048C FFFFFFFF =d ra,-1lira)
CSBITERGIRN oFCo 0450 40146000 mfcO kD, Status |
1FCO_0494 9FCO_0494 T7FS5A04C0 ext kO,k0,19,1 r{ /\]\/I
1FCO_0498 9FCO_0498 13400005 bheq kO, zero,Ox11 I/ .
1FCO_049C 9FCO_049C 00000000 nop ' OXAOOO -0000
1FCO_04A0 S9FCO_04A0 3C1A9D00  lui k0O, 0x9d00 ») 1 |—-J ~ |
1FCO_0444 SFCO_04A4 27540488 addiu kO, k0, 1160 DOOE I Eb’ﬂ 0 gFCO'OOOO
1FCO_04A8 SFCO_04A8 03400008 3jr kO X .
1FCO_04AC SFCO_04AC 00000000 nop
1FCO_04B0O SFCO_04BO 3C1DA002Z lui sp,0xal02
1FCN N4R4 9FCN N4R4 27RDNNNN addin an.an.n b o
< | >
| DataView | Code View 8‘
X

< 0x9D00:0000

< 0x8000:0000
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Regional Training
Centers

4. 2=\ FHBkz| KSEGO (Program Flash) Virtual address
0x9D00 0000 pE#{T2A%# A main() -

< 0xBFC0:0000

< 0xBF80:0000 g
Address Virtual Opcode Label Diss & g
0001_FFDC A001_FFDC C470CAFD lwel f1 N
0001_FFEO A001_FFEO 5177D410 begl t3 .
0001 FFE4 A001 FFE4 AABADDS3 swl k0 < 0xED00:0000
0001_FFES A001_FFES EC17ACDD rsvd
0001_FFEC A001_FFEC 5596177D bnel t4—
0001_FFFO A001_FFFO  653073DD daddiu s0 r{ '\]\/I
0001 _FFF4 A001 FFF4 1A2FBEGS blez s1 N/ -+ OxB000:0000
0001 _FFFS A001_FFF8 00000000 nop = '
0001 _FFFC A001_FFFC 9D00000S lvu ze S00T J¢ S
Progean Hemory o] < 0x9FC0:0000
1D00_0000 SDOO_0000 OF400006 jal 0x
1D00_0004 SDOO_0004 00000000 nop
1D0O0_0008 9DO0_0008 0F400116 jal 0x
1D0O0_000C 9DO0_000C 00000000 nop o
1D00_0010 SDO0_0010  1000FFFF hegq ze o)
1D0O0_0014 9DO0_0014 00000000 nop (())
L (RGN 5000 0018 27BDFFA0__wain____addiu_____sp 0
1D00_001C 9DO0_001C  AFBFOOSC sw ra N,
1D00_0020 SDO0_0020 AFBEDOSS sw S8 .
1D0O0_0024 9DO0_0024 03A0FO21 addu s8 < 0x9D00:0000
) 1p00_ 0028 SDOO_0028 24020055 addiu w0
1D00_002C 9DO0_002C  AFC20010 su w0
1D0O0_0030 9D0O0_0030 3CO4BFS1 lui alv
< | > < 0x9000:0000

| Data View | Code View
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Regional Training
Centers

A'I‘T‘A

1={{1Z

e

5SS THYALE

R: Py

s MPLAB LINK32 - FER&EFE AR ERIE S
CHE&RERITTHER T THaxHY

s MPLAB C32 &&=
Linker Script !

m procdefs.ld

s F5—{EAEE PIC32 F5 —{ ¥ fERprocdefs.ld 15

s PIC32MX795F512L E{E MCU & .Id tfEfNIr & -
m C:\Program Files\Microchip\MPLAB C32\ pic32mx\lib\pro

c\32MX795F512L

n AT R IEREETX procdefs.ld HLE] DAE B2 =05

BHIRERS »

FEFTER ©

T2 el L%k Bootloader #; A K C

CCCCCCCCC

Slide 40



5

meracne 5% PIC32MX795F512L procdefs.Id

Regional Training

Centers

I*************************************************************************

* Memory Address Equates

*************************************************************************I

_RESET_ADDR = 0xBFC00000;: Z—>F
_BEV_EXCPT_ADDR = 0xBFC00380;
_DBG_EXCPT_ADDR = 0xBFC00480;
_DBG_CODE_ADDR = 0xBFC02000;
_GEN_EXCPT_ADDR = ebase_address + 0x180;

l*************************************************************************

* Memory Regions

* Memory regions without attributes cannot be used for orphaned sections.
* Only sections specifically assigned to these regions can be allocated

* into these regions.

*************************************************************************l

MEMORY

{
kseg0_program_mem (rx) : ORIGIN =0x9D000000, LENGTH = 0x80000 == —>%
kseg0_boot_mem : ORIGIN =0x9FC00490, L ENGTH = 0x970 == %
exception_mem : ORIGIN = 0x9FC01000, LENGTH = 0x1000
kseg1_boot_mem : ORIGIN = 0xBFC00000, LENGTH = 0x490
debug_exec_mem : ORIGIN = 0xBFC02000, LENGTH = OxFF0
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Muc??cmn High Performance Bus Matrix

Regional Training
Centers

MIPS® M4K®

32-bit Core 2-Wire UsB
Debug OoTG

Prefetch Interrupt
Cache Controlle

Peripheral Bus

16-bit 10-bit |nput Output
PMP ADC Capture ompare
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MicROCHIP High Performance Bus Matrix

Regional Training
Centers

MIPS® M4K®
32-bit Core

Prefetch Interrupt
Cache ontrolle
Periphefal Bus
16-bit
Timer
Analog
UART omparators

16-bit 10-bit Input Output
PMP ADC Capture Compare

« High Performance Bus Masters

« CPU Core

. DMA

« 2-Wire Debug
« USBOTG

« Multiple bus transactions occur
simultaneously between bus
masters and targets

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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merocwe  [nstruction Prefetch and Cache

Regional Training
Centers

m Fetches 128-bit data
m 4x32-bit instructions

m 8x16-bit instructions

= Up to 80 MIPS of linear
execution

m 256 Bytes Cache
m 16 total lines
m Up to 4 data lines
m Lockable Lines

Cache
16x128b

&

Prefetch

L

(12

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code

Slide 44



- 4
Mfé\mp Effect of Prefetch Cache

Regional Training
Centers

Performance
&
>
e

/

rrrrrerrrrrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T T rTTT T

0 10 20 30 40 80
Processor Speed (MHz)
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R New Concept

MICROCHIP
Regional Training Co-pl’ocessor 0

Centers

Coprocessor 0, called the System Control Processor, provides
support for memory mapping and exception handling functions.

m Every MIPS processor implements CP0
m CPO0’s registers are split into two categories:

m General - can be loaded from one of the
processor's registers, or directly from memory

m Control - must be loaded directly from a processor
register

m All of its registers are treated like control registers
i.e. they cannot be loaded or stored directly from system memory
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MICROCHIP CPU Features V|S|b|e through

Regional Training

Coprocessor 0

s CPU Configuration and Status
m Cache Control

m Core Timer

= Virtual memory configuration

s Shadow register set control

= Debugger control

m Exception and Interrupt Control




MPLAB IDE & MPLAB C32
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MQHP

Regional Training

MPLAB IC

Tools Configure Window Help

.Debug v @

 blink - MPLAB IDE vB.10 - blink.mcw
File Edit View Project Debugger

Programmer

?|

Checksum: 0xf7df194c

B

& HW BP |E|Used @oswap 'No Supp

r

M SER / Peripherals

M Disassembly Listing

pesmpessys=sgicrochip_32Z_bit_solutions)starter_kit_labs'labZ blink'k A

[ Linker Script
[_] Other Files

Program Memony
Total: 134140

B Memory Usage Gauge

0000_0o00o0
0000_0o10
0000_oo0zo
0000_0030
0000_0040
0000_00s0
0000_0oe0
0000_0070

Data Memony
Total: 32768

03

RRRRRRRR
RRRRRRRR
RRRRRRRE

0000_0160
0000_0170
0000_0180
0000_0190
0000_0140
0000_01B0O
0000_01CO

o000 ndno

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

OOnnnnnnn

RRRRRRRR
RRRRRRRR

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

nnnnnnnn

RRRRRRRR
RRRRRRRR

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

nnnnnnnn

RRRRRRRR
RRRRRRRR

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

nnnnnnnn

RRRRRH
RRRRRH

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

Onnnnnnn

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

nnnnnnnn

3CO3BFS8
240Z00FF
ACe6ze02zC
1000FFF1
00000000

while (1)

for (i

w0, 0xb£88
zero, 24576 (v0)

v0,0xb£88
zero,24608(v0)
{

=0; i -
zero,0(s8)
v0,0is8)
vl,zero, Oxfffe
v0,vl, w0
v0,zero,0x9d4000060

OxFFFF; it+);

v0,0(s8)

v0,w0,1

v0,0(s8)
zero,zero,0x9d4000038

LATAINV = OxFF;

vl, 0xb£f28
v0,zero, 255
v0,24620(vl)
zero,zero,0x9d000034

3| DataView | Code View

Watch 1 | watch 2

Aar

<

bFou_JusU

AvFFRFFF|

UULRS

JXUUUTOUUU

REAL ICE

MPLABE REAL ICE PIC32MX360FS12L

pc:0
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MICROCHIP M P LAB C32 H’\]Hﬁ_{%

Regional Training
Centers

m ZZ2EETHRAY MPLAB IDE Hjl—

A

LAk ( IV P C 32 Shite - & 7 @
- 2% ’ CRed=b: :
:& ' bin 2010/6/28 +%< 06:30 1
— Yo =
=ML | doc 2010/7/14 F5 1007 1
. examples 2010/6/28 £ 06:30 1
- lib 2010/6/28 4 06:30 1
=E | pic32-libs 2010/6/28 +% 06:30 1
s | pic32mx 2010/6/28 4 06:30 1
w=al | pic32-upgrader 2010/6/28 k4 06:30 1
. L
=iz
(v" £ I

“H @i MPLAB C32
ZZIEFY C:\Program Files\Microchip\MPLAB C32 Suite

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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mcrocie - MIPLAB C32 i%ﬁl\:’:;r\qﬂ?;”('l)

Regional Training
Centers

s REERA

Type Bits Min Max
char. signed char 8 -128 127
unsigned char 8 0 255
short, signed short 16 -32768 (32767
unsigned short 16 0 65535
int, signed int, long, signed long 32 231 2311
unsigned int, unsigned long 32 0 2321
long long, signed long long 64 263 263 1
unsigned long long 64 0 2641
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Mlcgg:mp

Regional Training
Centers

F R

The compiler uses the |IEEE-754 floating-point format. Detall regarding the

MPLAB C32 35 E2HIZRIEIR(2)
R

implementation limits is available to a translation unitin £1lcat.h.

Type Bits
float 32
double 64
long double 64
© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 52
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weoce  MPLAB C32 %f PIC32 [y support

Regional Training
Centers

= & MPLAB C30 —fx%, ﬁﬁﬁH’J PIC32 (EFHFHEAY .h

f2, Compiler time & 5 {7 H|EmT = A FTEERY MCU
header file

m #include <p32xxxx.h>

s E{EAH MPLAB C32 FiiE{itsy Peripheral Library ,
HE include —1[ .h &

m #include <plib.h>




%,
Mi::fnxé\cmp p32XXXX- h %%

Regional Training
Centers

m MCU header file : p32xxxx.h

s MPLAB IDE ={{xig User FriEHHY PIC32 fYRISE({EH RS
C32 dmaas ° P32xxxx.h E{RIBFTEENE NI HZ B3R
Header file AL [H

m Header File f2&&X -

m C:\Program Files\Microchip\MPLAB C32\pic32mx\
include\P32xxxx.h

n FIEREES | FERAVES :

#elif defined(_ 32MX795F512L )
#include <proc/p32mx795f512I.h>
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MQ?‘!" pllbh ﬁ%%

Regional Training

s MPLAB C32 Peripheral Library 32tz 24{E 5HY header file
KBS B EFRMHM 58 - 284 -

s plib.h @ PIC32 Fr A5 B &K= HY header files —f0 A °

n plib.h FEEEEE :

m C:\Program Files\Microchip\MPLAB C32\pic32mx\
include\plib.h

s plib.h EERYAELOT:
#include <peripheral/adc10.h>
#include <peripheral/bmx.h>
#include <peripheral/cmp.h>
#include <peripheral/cvref.h>
#include <peripheral/dma.h>
#include <peripheral/i2c.h>
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mcrocie  VIPLAB C32 %{I‘ Conflguratlon E"Ji%

Regional Training

» F|F #pragma config IFERE R ERE E
» config FVARIERFHESS:

C:\Program Files\Microchip\MPLAB C32\doc\hIpPIC32MXConfigSet.chm

m #pragma config ICESEL =ICS_PGx2
m #pragma config FPLLMUL = MUL_15, FPLLIDIV =
DIV_2, FPLLODIV = DIV_1

s R DFE MPLAB IDE | E R EATRIVERGICE
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Regional Training
Centers

MPLAB IDE -
Configuration Setting FYg57EH

= &2 : C:\Program Files\Microchip\MPLAB C32\doc\
hipPIC32MXConfigSet.chm

_ .
W% PIC32MX Configuraiton Setiings (MIpPIC32MXConfigset.chr) T (e e

1% PIC32MX

P

< & O

+—8 FED EEO)

AT

© | F3a

== E)

Ff «

[2] PIC32MX420F032H
[2] PIC32MX440F128H
[2] PIC32MX440F128L
[2] PIC32MX440F256H
[2] PIC32MX440F512H
[2] PIC32MX460F256L
[2] PIC32MX460F512L
[2] PIC32MX575F256H
[2] PIC32MX575F256L
[2] PIC32MX575F512H
[2] PIC32MX575F512L
[2] PIC32MX675F512H
[2] PIC32MX675F512L
[2] PIC32MX695F512H
[2] PIC32MX695F512L

Ea] PIC32MX795F512H

m

PIC32MX795F512H <

USB VBUS_ON Selection bit:

FVBUSONIO

FVBUSONIO

OFF

ON

VBUS_ON pinis
controlled by the Port
Function

VBUS_ON pinis
controlled by the USB
Module

USB USBID Selection bit:

FUSEIDIO

FUSBIDIO

OFF

ON

USBID pin is controlled
by the Port Function

USBID pin is controlled

by the USB Module

CAN IO Pin Selection bit:

(=]

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP

Regional Training
Centers

PIC32 Y Oscillator Block
( Refer to Figure 4-1 of PIC32 Datasheet)

Primary Oscillator

SOSCO X]—

(POSC) - 'D_}
o . I PR V<O I I I ]— USB Clock (48 MHz) USB Clock
oscl IZ— . : 4 MHz = UFiN = 5 MHz UFRCEN
- - PLLDIV<2:0> UPLLEN
1 1
'Y \f/'l XT, HS, EC
: - & : \_ s 1 2 >
PBCLK out 4 MHz < FIN =< 5 MHz Postscaler | Peripherals PB Clock
available on Fn XTPLL, HSPLL, div x PBCLK
OSCO pin div x — | PLL |—a] div y [ PROPLS
in certain ~ .
clock modes | .
PLL Input Divider PLL Output Divider PBDIV<2:0>
FPLLIDIV<2:0> PLLODIV<=2:0>
FRC
Oscillator PLL Multiplier
8 MHz typical COSC<2:0> PLLMULT<2:0>
FRC CPU & Select Penpherals System Clock
TUN<S5:0> o
FRC /16
»| div 16
FRCDIV
Postscaler
FRCDIV<2:0> P32 E‘:@Hé HJ[E%I‘\‘ \%}E .
LPRC LPRC _
Oscillator 32 kHz typical - U S B COCk
Secondary Oscillator (SOSC) . P B C Ioc k
32765 kiz .| sosc_ / B System Clock
1
: SOSCEN and FSOSCEN
X v

SOSCI [E—

| Clock Control Loaic |

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

il

m Crystal J5%E1 Mode HYZ:21{H

Oscillator Mode | Description

HS 10 MHz-40 MHz crystal

XT 3.5 MHz-10 MHz resonator

EC Extemnal clock input (0-80 MHz)
HSPLL 10 MHz-40 MHz crystal, PLL enabled

XTPLL 4 MHz-10 MHz resonator, PLL enabled
ECPLL Extermnal clock input (5-80 MHz), PLL enabled
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MicRocHip PIC32 Oscillator #y PLL E&3E

Re glonal Traimng

m NEFHY 8Mhz FRC LK 4MnHY Primary Osc.

#0 ] A& PLL 1238
s PLL & 3 {EFEHER45
s PLL 1y i ARSEE SR (4Mhz < §55.< 5Mhz )

m PLL BYREZERGEEEDR ( °]#&F FIN 3§ & 15 ~ 24 £%)
HERARIESE ( 9]BRDA 1 ~ 256 £ F i )

m PLL AYEsH

APP1632 f&

] 8MHz ‘S5 G > E‘Eﬁh R E {5

60MHz Fy={T2EE » BT DARTISEVES € K
(8MHz / 2) x 15 1Z38F IK%L/L 1 = 60MHz
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an‘é\cmp PIC32 1y PBCLK &1 ICD Pins

Regional Training
Centers

s PIC32 iy PBCLK W[ DUEEUSETE A FIHYZEE
= SYSCLK/1
= SYSCLK/2
= SYSCLK/4

= SYSCLK/8

TPl MCU £y Configuration Bits BEIERY i P BIARI Tk
OSCCON<20:19> (PBDIV<1:0>) ZR & LLA

s PIC32 1y Device HWi4H ICD/ICSP B3k
s PGEC1/PGED1

s PGEC2/PGED2 ( APP1632(sE fi22H R \EEsf B[R SE )
n 2 RVAHBERIED o] DA ZRIES: PIC32 » H HE{EM -
" [reEREHIRyE R DVEEL Configuration Setting FEVERE—&L ©
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Regional Training
Centers

u SEAIERE , ERNAMEATAERTRE A ..
s DL APP1632 #ij1 8Mhz Crystal S5

#include <p32xxxx.h>

#include <plib.h>

#pragma config UPLLIDIV =DIV_2 // EUSB PLL Hyig A & 4MHz g A#E% ( 8Mhz/2)
#pragma config UPLLEN = ON Il AL USB PLL 52 48MHz g

#pragma config FPLLMUL = MUL_15, FPLLIDIV = DIV_2, FPLLODIV = DIV_1

Il 5 A\ B 8MHz /4 12t 15 fZ5E&HH 60MHz 1y System Clock

#pragma config POSCMOD = HS, FSOSCEN = OFF , FNOSC = PRIPLL , FPBDIV =DIV_1
#pragma config FCKSM = CSECMD,IESO = ON, FWDTEN = OFF

#pragma config ICESEL = ICS_PGx2 /[ 5 —4H2KkREE

int main (void)
{

while(1) ;
}
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f{? %ﬁéﬁ%{%ﬁ iy Starter Kit

MICROCHIP Wfé*
Regional Training =
Centers

PIC32 Ethernet Starter Kit
\\“ A//

(DM320004, $72)

Same expansion Connector
for Application Specific
Development

Starter Kit 1Y Debugger/Programmer

PIC32 USB Starter Kit I

(DM320003-2, $55)

Both Starter Kits
* PIC32MX795F512L (512k/128k)
» Upgraded debug chip to PIC32 QFN

» Upgraded USB host power supply

* Everything else the same

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MicRacHiR PIC32 I/O Expansion Board

Regional Training
Centers

PIC32 I/0O Expansion Board

Add Optional PICtail™ Plus Daughter

DM320002 $72
Boards

17 ¥ *

3 170 FXBANSION BOARD
3 opee | 0 SR, SN
1 N M 8
3 wn ove v »$ .
S FL RS
e »s =
" 2 s
¢l 1 . ' »
.- . - »
" “
-

» Customize PIC32 Starterkit

platform
*Easy access to every signal = de
- Add feature specific boards Popular PICtail Plus Daughter Boards
. ) Graphics SD Card
» Connect Microchip Tools Ethernet CAN
 Connect JTAG & Trace 802.15.4 802.11

(shown with PIC32 USB Starter Board)
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MICROCHIP
-mare EXPlOrer16 Development Board
e, —

nd - -

0950
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DOOOOODODOOOOO
No000000000000

VS vivieTy.
mm
old ;:
el

_20000000000000
O)OOOOOOOOOOOOO
0DO000O0OOOO000
0000000000000
0000000000000
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@

C10479
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GO
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' JTAG
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MICROCHIP
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AR Explorer 16 Compatibility

MICROCHIP

u
Regi%r:'lt:rrz;ining Ove rVI eW

Third Party

Explorer 16 :
JTAG |

® Add a Debugger
(Starter Board Includes Debugger)

gip.c L Aesases )
PIC32 2
Starter _Boards 5

L Ethernet
ro el 3

© Customize
with optional
PICtail™ Plus

cards

=

SD\ard

..and more
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M(Z{?am PIC32 PIM Modules and Other

Rl maning Accessories to Explorer16 Board
PIC32MX3 100P QFP TO 100P PLUG IN MA320001
MODULE
PIC32MX4 USB PIM MA320002
PIC32MX7 CAN PIM MA320002
ECAN/LIN PICTail+ Daughter Card AC164130
USB PICTAIL+ Daughter Card for Explorer 16 AC164131
AC320002
PIC32 Starter Board to Explorer 16 PIM Adapter

Adding PIM for Explorer 16
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A {#F APP026-3X + PIC32 PIM

Regi(::r;alt:rasining m o d u I e

s APP026-3X &EEEEIIEHRY 64-pin JZ FHEER
s B DL EITHABEMIZEHE L 64-pin PIC32 MCU 3K {HEFE

N [

—— o
g ,s.,“n
PTOTgTITATIT WW@T,” = -
¢ Y <1918 b . -
® 3 ‘pa it
i :
= N 515 0
. % it 4 S
o o s
g 235 $0000¢
( H 23 Sm0EE 2SS
Yy ’7"‘“
=M=
oie
ole

.
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R\ APP1632 EEptN

MICROCHIP

Regional Training 32 - B it M C U % E ilﬁ*ﬁ

v -

s APP1632 /& Microchip Taiwan #EHE &
Microchip 16/32 bit MCU FrEcet 2 Bl

n EREERREE Explorer-16 tH% , v DIE AR R
Explorer-16 FrEssTHYEIHIRES

= PICtail Plus ! SE——

m USB Connectors " |

m 29 MCU

m 2.54mm CPU PIM

. 200000000
J000000OOC

0 % ©O00000O

oZEo0000000

07 T00000000000
0000000
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/O Port
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ﬂ{?

MICROCHIP

Regional Training
Centers

/0 Port 1y

F—————— ——— — —— — — —— — — — — — — =
| RDoODC
| <
I
I Data Bus D Q
I SYSCLK CKk _]| 0DC
I en @
| WRODC
| RD TRIS ]/|
~J

' ———
| D Q
| ) CK THRIS
| N Q—
| wrTRIS
| D Q
I CcK _| LAT
I En @
| WR LAT

WR PORT
I e
| RD LAT e
| 4
| ~L 1T -
I RD PORT \[\J 0
| T |
| sieep |
I
| SYSCLK IL
I
b e e e e e e e e e e e e e e e e —
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MICI§CHIP

Regional Training
Centers

= PIC32 (5 1/0 [

» PIC18 5= %
= TRISX %7758 By - =08

/O Port &

L

31

3 ABYECE

YA ERIEEL PIC24

 AFEH

Ve

/O Pin Direction Control \

CCCCCCCCC
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z
Mﬁé\cﬂm ELARHY 110 Port #2546

Regional Training
Centers

m TRISX : B A ~ BiHHERE
s LATx : PORTHYE S Latch BiF2S
s PORTX:

n EiGHE - B LATX —ERVIIRE

s EEAR > EEYMRERITVE S A

s 1/O Port #&5 7258 (BIPORTD A/) :
m TRSID = Ox00FF; /IRDO~RD7 #ig A > RD8~RD15 g

m LATD = 0x5500; /] & 0x55 %] RD8~RD15
m Var1 = 0x00ff & PORTD ;
n BT 11O FIEYFZESH] (/8 MPLAB C32 E&EHVALTT4EH):
s TRISDbits. TRISD0 =0 : /I RDO Byt H FAl
m LATDbits.LATDO =1: // RDO @ Hi
s While (PORTDbits.RD1); // &% RD1 jREE

=1y
e
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%\ PIC32 Il AL TCERIETIRE

MICROCHIP

Regions Tainig Atomic bit manipulation

- {EE IRPRAIE R R e R BV TTIZH]
n FHESFR S+ HcA 3 (B AR ALTTERIERY
B s At = A ERVEREE R

n 3 FERRE TR ¢

\

> Set Bits
» Clear Bits
> Invert Bits
m iﬂﬁﬁ%ﬁﬂfﬂﬁ TPk MASK HYFZER]
I

. —ﬂ"lfl’J RAM ‘R B4 ILIRERIETIRE
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meoce  SET/CLEAR/INVERT [8E{E
T RIW H0E

Regional Training
Centers

n ARV FaiLak e
n AT BCHY AL R F Rl Fas Rae it

~n

RIRHY RS ATIRE

s SET/CLEAR/INVERT %ﬁ%ﬁﬂﬁ% ALTTERER R

—{EFE <2 !

B s {iLak

AR B s

Register Address <

>

Peripheral Register

A
) Clear Bits
Register Address + 4 >
Register Address + 8 Set Bits >
Invert Bits
>

Register Address + 12

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICIQ:HIP

Regional Training
Centers

CLR/SET/INV #7728
firit-=52 A

s Example of TRISD

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 3123/157 | 30/22/14/6 | 29/21/13/5 | 2820/12/4 | 27/19/113 | 26/18/102 | 2517/91 | 24/1680
BF88_60CO TRISD 31:24 f
2316
15:8 TRISD[11:8]
7:0 TRISD[7:0]
BF88_60C4 | TRISDCLR | 310 write clears selected hits in TRISD, Read yields undefined
BF88_60C8 | TRISDSET | 310 Wwrite sets selected bits in TRISD, Read yields undefined
BF88_60CC | TRISDINY | 31:0 write inverts selected bits in TRISD, Read yields undefined

® Most peripheral registers can be accessed at 4 addresses

o Base address

Base+4

®
° Base+8
°

Base+12

Reads OK. Writes all 0’s and 1’s to dest
No Reads. Clears bits in dest that are written with 1
No Reads. Sets bits in dest that are written with 1
No Reads. Inverts bits in dest that are written with 1

® Bits that are written as 0 at Clear/Set/Invert addresses DO
NOT MODIFY the destination register
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ﬂ{?

L PORTA &3
LATA (%ﬁéﬂ’ﬁﬁm)
1\ 1 1\ 1\ 1 1\ 1
LATACLR Tz%ﬁ*ﬁl%ﬁ{ Jmal%%ﬁa?ﬁ)
1 0 1 0 1 0 0
~ LATA R)esult (j»;rﬁz/{ﬁﬂszi%)
o' 1 | of] 1] 1| o/] 1

¥T7i" LATACLR B {Z 250V E i Hyy
i 7es Mask 7T AR 0

CCCCCCCCC
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)
MICROCHIP

Regional Training
Centers

P +9V DCH:FH

B

USB Mini B

USB Host

PICKIit3
Al

AR 2
:

'

1

4

$19 1

LY ol =2 4
-0 4
O : il
) ") 1
b' 4
=J El
~ 1
“4

1

a

> wm
(-

-

28-pin MCU
PICKit3
FERA

D000 00O00000D0D00O000

2 '\: 2000000000000 0ODODO0

-y
“w
>

0000000000 0000000
OO0 00000000
0. w O00000000000000000
.- > - a2 2 B -
OEEO000000000000000000
o 0000000000000 00
9 0000000000V OO000O0
OOOOOOOOUUUUn)urv )0

BIEI OOUO(}unnnt\un yoood ™

APP1632 E

-

PIC32MX795F512L-801/PT

RS232

8MHz
Crystal

"E00000000000000000 DVMSmesnexis AN B

Py

VR2 SW x 4
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) C32 EESEFN - 1

MICROCHIP

Regional Training
Centers

(-pdf FEX)

—

s APP1632 [

= APP1632 {&

m C32 FEXNEEFEHF

nﬂ%% (TW-UG-APP1632-C).pdf

m 32-bit- Perlpheral lerary -Guide.pdf

m C32 szl

= MPLAB C32 User Gmde pdf

n C32 RN

==}

= MPLAB C32 L|brar|es pdf
P2 LRE L 32-bit RTC Workshop

B EEETE]




- 4
Mfﬁ?amp C32 == g%‘j%‘gﬁ

Regional Training

( C4RZryHTM Lﬁ%*ﬁ )

mC327% i?‘f %Wﬁﬁz et html #2=z(
HYSE R

m C: \Program Files\Microchip\MPLAB C32
Suite\doc

m 3350 html f2ZH,8] D 7F MPLAB IDE
TEY Help #IH Y Topics = C32
Compiler %2
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KQ
e {EF] PORTA =& LEDs

Centers

(A APPI632 FEBL PICR BT VOB s s

LED el , (B s
E|FT7~EY LED #5E [RAT /7K »—

APP1632 #Y LEDs #7382 PIC32 HY
PORTA<RA7:RAO> !

PORTA HVEFZ#EMIEL JTAG JTiE2 e >
A, AT 2K JTAG Disablef& 4 ED LY~ ALY
B DAY LEDs ! DO 152
DDPCONbits. JTAGEN = 0; o
** main() PRZUHYSE—1 TR TIEETTRE =
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Mﬁ@cmp C32 %TJ‘ /O Port E"Ji% (_')

Regional Training
Centers

s PORT HYRAZE %
= fARL 32-bit-Peripheral-Library-Guide.pdf g3
» Z73 10.0 /O PORT LIBRARY ##= 7

PORTSetPinsDigitalin( )
PORTSetPinsDigitalOut( )
PORTSetPinsAnalogin()
PORTSetPinsAnalogOut( )
PORTRead()
PORTReadBits( )
PORTWrite( )
PORTSetBits( )
PORTClearBits( )
PORTToggleBits( )
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Mﬁ@cﬁ{P C32 ¥} 1/0 Port By £& (Z)

Regional Training
Centers

s PORT FWE&EX
n —1EBHEL 32-bit-Peripheral-Library-Guide.pdf

f&22 » &3 10.0 1/0 PORT LIBRARY N E£
1%

mPORTASetPinsDigitalln() ... mPORTGSetPinsDigitalin()

mPORTASetPinsDigitalOut( ) ... mPORTGSetPinsDigitalOut( )
mPORTBSetPinsAnalogin()

mPORTBSetPinsAnalogOut( )
mPORTADirection() ... mPORTGDirection()
mPORTARead( ) ... mPORTGRead( )
mPORTAReadBits( ) ... mPORTGReadBits( )

mPORTAWrite( ) ... mPORTGWrite( )
mE( )JRTASeiRits() mPORTGSetBits()
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Mé:fnxé\cmp EE . PORT @ﬁ‘gﬁ:ii

Regional Training
Centers

s XEEFHE - REGEEIT » BREREHES
iaq==iP
s B L HE A Atomic Bit Manipulation
m EFHEH :
mPORTACIearBits ( BIT_0 | BIT_1|BIT_2|BIT_3|BIT_4|BIT_5|BIT_6 | BIT_7);

/| Turn Off all LEDs
MPORTASetPinsDigitalOut (BIT 0| BIT_1|BIT_2|BIT_3|BIT_4|BIT_5]|\

/

710
I

ELER

BIT_6 | BIT_7); Il RAO ~ RA7 5% st # LEDs
mPORTDSetPinsDigitalin(BIT_6 | BIT_7); /I RD6 & RD7 g% 1E R ddim A

PORTACLR = 0xff;

PORTA = 0x00 ;
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MICROCHIP

Regional Training
Centers

FALEMEERE — (Lab1)

= 32-bit MCU FRIE(E FHaE5% PIC32MX795F512L

MCU /Yy APP1632

s APP1632 {i ] 8MHz 53 BB /e E8 R
n EBJRT] DI 9V Adapter EUSB {£%g > PIC32

(2

T4 3.3V » LCD B4 TfELE 5V

s APP1632 Y 8 {f§ LED #X PORTA

<RA7:RA0>
s B3 JTAG Port iy 2

= PORTA BRI BRIz 3 i B B2 R
s JPY FBIGEE D R LEDs $fthyEiE

Slide 87
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MicRocHr &= — (Lab1 BasiclO.mcp)

Regional Training
Centers

s C:\RTC\MCU4101T\Lab1 BasiclO\
s Lab1 BasiclO.mcp EZEHIEZE(Project)
s Lab1 BasiclP.mcw T {FEREEZERE

s EHF#BIE Lab1 BasiclO.mcp £ Debug ==
4= (BUILD SUCCEEDED)

n {EFH APP1632 EEpfEE PICkit 3 or ICD3 E&R
17 Debug ..

m 7£ RUN BYEEZUT » LED 2 &R ETBEDR ?

13374




f{ﬁ\ . =t e ="
MicROCHE Af PIC32 s EXREHIETE

Re glonal Training

n YI%EE —IVER, ° i SYSTEMConfig() &
RIS E s - W EITE /EH%{H’
m [RAZ 100mS ﬁﬂ;— ZRHY LED FRAFEERY 1
Sec B{b—K » WEFHET 10 15 -
s AR
m pre-fetch buffer }; cache #:EEE T
s Flash /Yy Wait Cycle &% A= (7 Waits)
s RAM #J Wait Cycle 5% & =HF (1 Waits)
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K y () e
MicROCHIP Eﬁ . SYSTEMCOang( ) ax AE ;&ﬁb

Regional Training
Centers

n BRERE

unsigned int SYSTEMConfig(unsigned int sys_clock, unsigned int flags) ;

s sys_clock : 24 Y T /E3E®R (System Clock)
m Flags (E2EIE) :

> SYS _CFG_WAIT_STATES : {kiB 2 4iEXRexE flash |y wait states
> SYS_CFG_PB_BUS : & PB Clock = System Clock
> SYS_CFG_PCACHE : E{H pre-fetch buffer ; cache

> SYS_CFG_ALL : EfFDL E=IELE

s FHBARTRR :
m SYSTEMConfigPerformance( )
m SYSTEMConfigWaitStatesAndPB( )

m SYSTEMConfigPB()
m 2% 32-bit-Peripheral-Library-Guide.pdf #fY 2.0 SYSTEM
FUNCTIONS =\, Microchip-PIC32MX-Peripheral-Library.chm
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Mlcggcmp

Regional Training
Centers

n 5 SYSTEMconfig Z,QEH’jnx =

IZ[_QT_E\ MPLAB Si

7[‘ ﬁl_ B%‘H’Mlﬁﬁ ’
SIM #{2 DL 24

izt

SEHY 5 BT AERSIESE

BISETFEHE=R -

{5/ MPLAB SIM JF ==

il

M HFA

N2 MPLAB

ARG fEx
PB Clock = System Clock' M &

JER AR

lm

CCCCCCCCC
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PIC32 Interrupts




& N |
Mlcggcmp %?&ﬁ%ﬁ'ﬂ H @?i%

Regional Training
Centers

m PIC32 has a strong architectural focus on
interrupt performance

m A% Vectored Interrupt Controller
= Single vector mode for RTOSs — FEH=%{H

m 17572 Multi Vector BYFE=,

= Up to 96 Interrupt Sources
= Up to 64 Interrupt Vectors

= Multiple Priorities (7) with sub-priorities (4)
s Shadow Register Set ( for Level 7 only )
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MicRoCHP Preemptive Interrupt
L7 HNEEEEEEEEEEEE NN EEE

L7 INT

L4 (TII1111T]

L1 SSSSSSSSSESSSESESEEEEEEEEEEEEEEEEEE lllllllllll[][][]:]:]

LAINT L1 INT

main() LO D T T T T T T T T I T T I T T I T T I T T I T T T T T T T T T 1T

. CPU EXECUTION TRACE

Status Register

15 14 13 12 11 10

IPL<15:10>

15 14 13 12 11 10

lulaiee |
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k) Interrupt Queueing

MICROCHIP RS
Regional Training (S U b - p rl O rl ty)

Centers

Queued!'—4-3 queued until L4.2 complete

L4.3 [OIIITITITITTI1] |||_|||||||||||||||||

L4.3 INT -----------

L4.2 IIIIIIIII‘_IIIIIIIIIIIIIIIIIIIIIIIIIIII

Queued!

L4.1 AEEEEEEEEEEEEE |“||||||||||||_:|:|:|:|:|

L4.1 queued until 4.2 and 4.3 are done :

L4.2INT L4.1 INT

main() L0 pEEEmeee e T T I T T I T T I T I T I I T I T I T I T I T 1 e

. CPU EXECUTION TRACE
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MICROCHIP Shadow Set

Regional Training
Centers

>—p

Preemption Priority

—

N\

/Dedicated\
Shadow

Set

J

-

N\

Primary
Set

~

J

PR {ERE
SerE T (Level

7)A = HLIRE -

CPU B &)
FdHH Shadow
Ures o R

A )
IR e

ENEHFH.
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MicRocH =S EEETE 1. 2. 3...

Regional Training
Centers

O nXA Jéf %Ej%ﬁ‘ ZIS:J:_ L/L_F'LF',.,?,E

1. INTEnableSystemMultiVectoredint();

2. £ _ ISR ( Vector, ipl) &3P ETRRE

3. EZAENTEREGERRE K TEHEEFN -
:Eﬁg Configintxxxx( ) 8¢ C32 By K=
4. ECEZIBEN TIEEZ ~ ThEE — £ Openxxxx()

n  BUEE KEc e A B T ETE ST F kY MPLAB

C32 ZIKPII:I:\,
m  INTEnable()

m  INTSetVectorPriority()
m  INTSetVectorSubPriority()
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Mffa‘?amp MPLAB C32 5% E{ESeiERE AT

Regional Training
Centers

= £ MPLAB C32 1y help &1 DAk ZE¥} Interrupt 2 EVEE
& ..\MPLAB C32 Suite\doc\pic-lib-help\INT-PLIB_HELP
% PIC32MX Interrupt Periphe-ral Library e=ais LHH
& o 0 o
RS 2 LB —R B8R FlEp  ERO
ABC B3IW I}mé@ I ﬁa@ﬁg’@l Contents Index Home Previous Up Next
BN ERIRANRMRT (D: Peripheral Interrupts
|| |Peripheral Interrupts Peripheral Interrupt -
| [ INTSetintProximityTimerReload function » Copy Code
INTSetTemporalProximityControl function [ - ot priority, I L. Bl
INTS tV Ct P . tyf Ct \.o:::_g‘_re u.t'.E T.':..err'.. [ r:or_..y 28ve.l o 1
INTSZtVng:Sggginguf:n::(tJign INISetVectorPriority( iﬁ:ﬁi?&aﬁ’iﬁs@fi? H

INTSetVectorSubPriority function

INTSingleVectorReqgisterSet function
Library Architecture Copy Code
Library Interface

// Configure the interrupt sub-priority, level 2

Macros INTSetVectorSubPriority( INT CORE TIMER VECTOR,
Multi-Vector Mode i INT SUB PRIORITY LEVEL 2);
Peripherallnterrupts ————________|& C -
Release Notes T // Clear the interrupt source flag
Running the Demos %
85T (D) Copy Code -
< | 1 C»
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an\?m, Software Support

Regional Training
Centers

s FEFBZ PETHETNRE
= INTEnableSystemMultiVectoredint( )
m Power-On reset 7&/& Single Vector 1Y mode !!

m C32 [FHE N ZE S A FETRE
m #pragma interrupt

» SR _ _ISR() ES

/I




B SRR

Regional Training
Centers

s {EH void _ _ISR(vector,ipl) ISR_Function_Name (void)

RE BB ETERERN “HETRBRED
= vector SHETHERIEREIT (1€ 0 FH%R) - HEHNERLEL h 15E&
n Ipl R FETRREHVESTHEFRAE ipl1 ~ ipl7 (ipl0 Fs[EREA L - &)
= ISR FEERY ipl FREER% HE AT ERY Interrupt Priority H[H]
m ISR_Function_Name &S ETRE-25E

EZs Core Timer FETELHEZFR S 5 BYPETRRE

void __ISR(_CORE_TIMER_VECTOR, ipl5) CT Int _Routine (void)
{

mCTClearIntFlag( ); // J&k% Core-Timer thETHEs:
}
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It
|=(14

m __ISR(vector,ipl) BY{5EFE
Guide H1#y 3.4.4 Z=ffiC

m ISR {EHINE—ESE AT
,’.iﬁ% 22 MCU 7Y header file

m PIC32MX795F512L.h

I* Vector Numbers */

#define _TIMER_1_VECTOR

g _ _ISR [A

a] AFE
%]

1B

#define _INPUT_CAPTURE_1_VECTOR
#define _OUTPUT _COMPARE_1_VECTOR
#define ~_EXTERNAL_1_VECTOR

N

=
==

——

#define _CORE_TIMER _VECTOR [*EZHy42fu/
#define _CORE_SOFTWARE_0_VECTOR
#define _CORE_SOFTWARE_1_VECTOR
#define _EXTERNAL_0_VECTOR

AT

= PIC32 C Compiler

4% (vector),

0 /I (E%RTT)
1
2

N O b

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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SEEEHY Vector Number 2478

I* Vector offset Symbols */

_CORE_TIMER_VECTOR
“CORE_SOFTWARE_0_VECTOR
_CORE_SOFTWARE_1_VECTOR
_EXTERNAL_0_VECTOR
“TIMER_1_VECTOR
_INPUT_CAPTURE_1_VECTOR
“OUTPUT_COMPARE_1_VECTOR
“EXTERNAL_1_VECTOR
“TIMER_2_VECTOR
_INPUT_CAPTURE_2_VECTOR
“OUTPUT_COMPARE_2_VECTOR
_EXTERNAL_2 VECTOR
“TIMER_3_VECTOR
“INPUT_CAPTURE_3_VECTOR
“OUTPUT_COMPARE_3_VECTOR
“EXTERNAL_3 VECTOR
“TIMER_4_VECTOR
“INPUT_CAPTURE_4_VECTOR
“OUTPUT_COMPARE_4_VECTOR
_EXTERNAL_4 VECTOR

TIMER_5_VECTOR

“INPUT_CAPTURE_5_VECTOR
_OUTPUT_COMPARE_5_VECTOR

CHANGE_NOTICE_VECTOR

“SPI1_VECTOR
“UART1_VECTOR
“12C1_VECTOR
“ADC_VECTOR
“PMP_VECTOR
_COMPARATOR_1_VECTOR

COMPARATOR_2_VECTOR

“SPI2_VECTOR
_UART2_VECTOR
“12C2_VECTOR
“FAIL_SAFE_MONITOR_VECTOR
“RTCC_VECTOR

_DMAO_VECTOR
_DMA1_VECTOR
_DMA2_VECTOR

“DMA3_VECTOR
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R Conflglnt[xxxx]

MICROCHIP
Resot T B B E 2= P R AR STREEFR
m Configint[xxxx] ( INT ON/OFF | INT_Priority
| INT_Sub_Priority)

s ZBHIEIE (config)ZAHF =1 » £/ OR(])
HVERIIA
n 28— : AR/ BARA ZiEERY T
s 2 FENTEESCESR
n 2H=  RENTERERETR

n SR HLEREHIERGFESS:
s 32-bit-Peripheral-Library-Guide.pdf
s Microchip-PIC32MX-Peripheral-Library.chm

]JJ
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MICROCHIP

Regional Training
Centers

m Open[xxxx] ( config1, config2, .
ZISLOPen =1

(L5

ﬁ;

= *HI%%EI,JJ':‘

Open[xxxx]

AR

R E 7% 1

=Y

TITHE

BRI KA ES

A@%@%Aﬁﬁﬂ
MR EIERES T - £
i A2 E0H
=i FAER - PIC32_Family Reference Manuals
« SRS ET % B
ﬁ?%ﬁ%nﬂﬁ

n —1RHY > AR B

_.n/(:'lE

)
%EI’J_

* DR

{E

£y

&1 %/ DRI

,nﬁ/

s 32-bit-Peripheral-Library-Guide.pdf
s Microchip-PIC32MX-Peripheral-Library.chm

=

=5
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MICROCHIP

Regional Training
Centers

EEA =1 ﬁxuﬂ DR ER T BT

e
JL

Qlu

B B FE 2Ry R T

t'I:[
e

\

(455 (e P 7 Te4ERE - IFSObits. T1IF = 0;
ffER C32 VELE - m[xx]CIearIntFIag()

{5 C32 B EkRERE : INTClearFlag(xx);
s [xx] Rez#H1EHY INT_SOURCE %1284 FH

m O] DIFE 32-bit-Peripheral-Library-Guide.pdf & %]
m TABLE 8-1: INTERRUPT ENUMERATIONS

m I .. \MPLAB C32\doc\pic32-lib-helpINT-PLIB-Help.chm
m = “INT_SOURCE Enumeration “

IM

FIERLHE [ABTE

INT_INTO External Interrupt 0

INT_T1 Timer 1 Interrupt

INT_IC1 Input Capture 1 Interrupt
INT_OC1 Output Compare 1 Interrupt
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Regional Training ~
Centers
m fEHH Timer1 EE €5 :
INTEnableSystemMultiVectoredint();

void Init_Timer1(void)

y

{
ConfigIntTimer1(T1_INT_ON | T1_INT_PRIOR 4); /| ETimer1 B BLRESER 4
Il K Timer1 -HETEEEST
5]
OpenTimer1(T1_ON | T1_IDLE_STOP | T1_GATE_OFF | T1_PS_1 256 | T1_SOURCE_INT, \
( (PBCLK /(1000%256) ) * T1_TICK_TIME_MS -1));
I/l Timer1 On, Gate Time Off, Pre-Scaler 1:256, Internal_Source, Delay 200mS
}
I I*************************************************************** I I
I* TIMER1 HEEIfZ R *|

Il***************************************************************II

void __ISR(_TIMER_1_VECTOR, ipl4) Timer1Handler(void)

{
mT1ClearintFlag() ; Il Ekx Timer1 interrupt Flag .. // C32 FriRftHVE£
/I IFSObits.T1IF = 0; Il B4 B R ESRAVEE A
D PR

}
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MICROCHIP Core Tlmer /\ Ell

Regional Training
Centers

m Core Timer 2 PIC32 = CPO &] DL E #E#E4HY 32-bit Timer
m Core Timer fFHSystem Clock - —f& Timer FH& PB_Clock
m PIC32 Core Timer Interrupt is controlled by:

» CPO COUNT and COMPARE Registers

> CPO COUNT pyz1#cEmifle] System Clock g1/l 1

= Interrupt Service Routine
» MPLAB C32 provides __ ISR( ) macro to declare ISRs

» Every ISR is associated with Interrupt Vector and User
-assigned Interrupt Priority (ipl1 ~ ipl7)
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Regional Training
Centers

m CPU Core Timer Operations
= OpenCoreTimer( ) ¥4 LAFFRCTH#LAGHTHY period {H
m UpdateCoreTimer( ) compare = HEijHVETE{E + period
m MConfigintCoreTimer ()
s mEnableIntCoreTimer( )
H
|
|

mDisablelntCoreTimer( )
mSetPrioritylntCoreTimer( )
ReadCoreTimer( )

m WriteCoreTimer( )

n &F 32-bit-Peripheral-Library-Guide.pdf
= %5 11.0 TIMER FUNCTIONS 7 2£4THT5R A
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A MPLAB C32 Peripheral libraries

MICROCHIP

¥ Core Timer HY support

s FFERHTE B Functions & macro

[* setup system wide interrupts */
INTEnableSystemMultiVectoredint();

mConfigintCoreTimer (CT_INT_ON | CT_INT_PRIOR_3);
OpenCoreTimer(TIMER_PERIOD);

m Interrupt Handler By 5] macros Kk EE
void ISR(_CORE_TIMER VECTOR, ipl3) CoreTimerlntHandler(void)

mCTClearlntFlag( ); [* clear interrupt */
UpdateCoreTimer(TIMER _PERIOD); [* setup next timer interrupt */

/* do work here */

}

CT /& Core Timer HY%5 55 4478
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: PIC32 Core Timer 3
Interrupts

= FHERC\RTC\MCU4101T\Lab2 CoreTimer.mcp

m 5% Core Timer By B R E

e RS

JEE

m 2% Interrupt Handler ( Interrupt Service
Routine ) WES HR,

1274

m 5 Interrupt Handler EdJ]

1ERERY Vector EfE

Eigr PIC32MX Core Timer & GPIO HYRE(E

m *5:11\1?){!‘{?\%:5% 8 I

]

A AN -

LED £

N

HETE

H /

| ZEEEDN
Y

N

- 200mS

CCCCCCCCC
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MICROCHIP Z

s SR _HY 200mS 2 ERE HRHY

#define SystemFrequency 60000000L

#define CoreTick ( SystemFrequency / 2/ TogglesPerSec )
#define TogglesPerSec 5

System Clock &60MHz > Core Timer BYETEE2 & 30MHz

(SystemFrequency / 2) : & 1 Sec #y Core Timer FrEAVETEHUE
(1Sec / TogglesPerSec) 5t Core Timer & 200mS HVETE{E

s UpdateCoreTimer( CoreTick );

m  EH F—2R 200mS {yCore Timer FriVeT8#UE + B E# HRIRVETEUE
B+ 200mS HyETEUYE{E = #HHY Core Timer 5¢EH

s :¢fF! Core Timer & 32-bit 7y Timer
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MICROCHIP
Regional Training

Centers

= PIC32 2 PIC24F E4H[E]
ORIEAE

=

PIC32 Timers

, TXCON §

i Timer 4515

Fas

m /3 16-bit E’]@ﬁa‘%

1

LI

HTimer1 E

>~

A JEEDZ T B E TIRE

m Prescaler o[ %7 #% : 1,8, 64,256

s Timer 2, 3,4,5 —EEEET8EsTIEE

m Prescaler 77 §% : 1,2,4,8,16,32,64,256

m fi#

m FPH]

T

Sk

FHKE

LUIsZiR 5N

% |, clock ZK)H & PBCLK
TREE(Gate Time) HSFTHEE

CCCCCCCCC
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u rA m
MicROCHIP Timer 1 FHE
Regional B
Cen
PR1
F {Type A Timers Only)
Equal 1 :
Comparator x 16 : TSYNC (T1ICON<2>) !
i : BaE= :
TMR1 : :
Reset ' l '
: 9 T
TIIF - :RI_ lj TP P LR TPT T P
EventFlag | ; | 2 D . TGATE (T1CON<7>)
) Q —
TGATE (TICON<T7>) q —— 1CS (TICON<13)
—— ON (TICON<15>)

32 kHz Secondary Oscillator (1. 2)
(Type A Timers Only)

SOSCOT1CK i ] """""" @1 5
]
'S 1 SOSCEN Gate | Frescaler

I
I

A Syne [ o] 10 /] 1.8.64,256
I

SOSCI D

T > 00 )
FECLK / 2
TCKPS (T1CON<5:4>)
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MICROCHIP /=\:'_E: Timer H,\Jj:_fjﬂ' =

Regional Training

Centers
Data Bus<31:0> —
<15.0>H:
Reset TMRx -
(Timers 3, Only) o
Y
v ADC Event '
e e {‘a
PRx
TXIF 4—1 . k
Event Flag 1 ] Q D] * TGATE (TxCON<7>)
I~ a T
TGATE (TxCON<7>) 4 TCS (TXxCON<1>)

(Type B Tmers Only)

'
'
' T
' !
1 1
-

r
=

—— ON (TxCON<15>)

- m———— -~ Prescaler
—0_-:' 3 - — . —{1.2.4 816,
Syne N © | 32,8425
T - 00 .
PBCLK ///, 3
TCKPS (TxCON<8:4>)
© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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mcrocke  PIC32 fH3E Library ¥f Timer #Y Support

Regional Training
Centers

m 2% : Microchip-PIC32MX-Peripheral-Library.chm
s RN Z2EESHFE S MPLAB C32 /Y timer.h

E? Microchip PIC32MX Peripheral Library (=3
o & = 5 o
fBREE =i t—8 ~ CE} FIED  ETRO)
3 Microchip PIC32MX :
ABIC) I =) ] 1Y) I HBERED I Periphergl T Contents | Index | Home Previous | Up | Next
2] Introduction ~||| Timer Macros
+ @ SYSTEM msetPrioritylntCore limer Sets the priority tor Core limer interrupt | he v
+ 0 Lack ConfigIntCoreTimer() sets the priority. Use this macro —
[+ Q PREFETCH CACHE to change the previously set priority without any need
& 0 DMA to respecify other parameters.
# @ BUS MATRIX _ _ .
F e NYM OpenTimerl Configures Timer 1 =
+ @ RESET , . .
+ @ INTERRUPT OpenTimer2 Configures Timer 2
+ @ DSCILLATOR _ _ , o S
@ e POWER SAVE OpenTimer23 Configures Timer 23 - A 32-bit time by pairing Timer 2
+ @ 10 FORT G
= () TIMER

i i OpenTimer3 Configures Timer 3
[2] Timer Introduction ERIMES onfigures Timer

| Timer Functi : i i
] Q imer Functions OpenTimerd Configures Timer 4
¥ 0 Timer Macros

[2] Timer Example

+ Q INPUT CAPTURE OpenTimer45s gosrjflgures Timer 45 - A 32-bit time by pairing Timer 4

+# 0 QUTPUT COMPARE

& % ;52'2 L OpenTimerS Configures Timer 5

L 0 UART ReadPeriodl Returns the current Periodl value.

+ @& PMP )

) y R_TE:C_ v ReadPeriod2 Returns the current Period2 value. v
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mecracke - Timer function & macro Fy{&

Regional Training
Centers

m 2% : Microchip-PIC32MX-Peripheral-Library.chm

&’ Microchip PIC32MX Peripheral Library

SRS
JEE !

LBX

T s 4 & o
B¥EE sS% -8 B8 S0 EBO)
ABOC) I W | #2230 | #EBQ | :Iii';::;)::ip PO SRS T T Contents | Index | Home Previous | Up | Next
2] Introduction Timer Example
+ @ SYSTEM i T
+ @ Lock #define DPB_DIV 8 »~
#define PRESCALE
* g ETEETCH CACHE #define TOGGLES_DER_SEC
t #define T1_TICK
+ @ BUS MATRIX
¥ 0 NVM int main(void)
+ @ RESET {
+ @ INTERRUPT
+ @ 0SCILLATOR
+ @ POWER SAVE
+ @ 0 PORT
= ([ TIMER
[2] Timer Introduction
+ @ Timer Functions
+ @ Timer Macros
¢ I?PJ?&?’?SRD:? OpenTimerl (Tl ON | T1_SOURCE_INT | T1_PS_1 256, T1_TICK);
s
+ e QUTPUT COMPARE // set up the timer interrupt with a priority of 2
F e SPI ConfigIntTimerl(T1_INT_ON | T1_INT_PRIOR_2);
@ 2L // enable multi-vector interrupts
+ g UART INTEnzbleSystemMultiVectoredInt () ; =
+ PMP
+ e RTCC // configure PORTD.RDO = output
¥ e ADC10 mPORTDSetPinsDigitalOut (BIT_0);
hile(l);
+ @ COMPARATOR 1
+ @ COMPARATOR REFERENCE D e D D D o
+ QWDT // STEP 3. configure the Timer 1 interrupt handler v
< [ 2
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MicRocHrP & E = : Timer1 Functions
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Centers

m ¥f Timer1 X E

m ConfigIntTimer1 () ;
m OpenTimer1() ;

s ¥%f Timer1 Y07 Flag /&%
m mT1ClearIntFlag()
m INTClearFlag(INT_T1) ;

m Timer1 YIRS FEZCEL Vector Number §Y3E %S

void __ ISR (_TIMER _1_VECTOR, ipl4) ISR_Timer1 (void)
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R
MICROCHIP é( ;JE;I —_— :T|mer1
RoE ontors -

s FHEIC:\RTC\MCU4101T\Lab3 Timer1.mcp

s {5 Peripheral Library 7Kz %E Timer1
m OpenTimeri( ..., ...);

m % Timer1 & 100 ms £t Toggle LED —2¢

s &FE _ ISR() HUsEEE Vector HyZHE

m void __ ISR (_TIMER_1_VECTOR, ipl4) ISR_Timer1 (void)

s HEEEAEEE Timer1 Interrupt Priority & Level
m ConfigintTimer1 ( ...);

= {3 GPIO PORTA/LATA % toggle LEDs
s MPORTAToggleBits(BIT_X)
s AIDLA | FF9R—K ERIEZAE Bits

s 2% C32 Peripheral Library Guide

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 121



.

lerasnlo 2104574 1CY
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Port (PMP)

s 27% PIC32 Family Reference Manual
F 13 =




ﬂ{?
Mcrociie — \What’s Parallel Master Port — PMP

Regional Training
Centers

ST T
Read, Write, Enable
PIC24FJ128GA010 “ el

Or : Peripherals
PIC32MX795F512L (&

Up to 16-bit Address

" 8-or 16bi DATb

’. DI-IJ

Sandisk =
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Why PMP

MICROCHIP _ o
Resinarrain Example : LCD Write Timing
Write is active low.
But remember! PMP signal we are using is PMRD/PMWR,
so the pin needs to be configured as active high.
RS X X
rv C\ / D
e e R =
DBO~DB7 / >< Valid Data X

/

Enable is active High.

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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PMP Configuration &
Control Signals

PIC

> PMRD or 7\ The Signal can be individually
PMRD/PMWR Enabled or Disabled
PMWR or >

The Signal polarity can be
individually selected

I'PMENB

DJupto2pPMCs ) [EEREE

Up to 16-bit The Address pins can be

—)IZI individually Enabled or Disabled
Address y

<«—>[X] 8/16-bit Data

CS1, CS2

CS1 A15,
A15, A14
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e P D0..D7 2EE AO~AT EYfLHESS T

Centers

** 64-pin device iy PMD 250 .. 7

PIC32MX _ _
PMALL 32K x 16-Bit Device
T7:
PMD<15:0> % 373 A<14:0>
D<15:0>
PMA<14:8> At
CE
PMCS2 OE WR
/)
PMRD T
PMWR
Note: (Master mode 2) MODE<1:0> = 10 Address BuS  ees—
(16-bit data width) MODE16 (PMMODE<10>) = 1 Data Bus = ——
(Partial Multiplexed mode) ADRMUX (PMCON<12:11>) =01 Control Lines

The 373 shown in the diagram represents a generic 74XX family 373 latch.

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 126



ﬂ{?

MICROCHIP N
Regional Training EE
Centers
PIC32MX
PMALL
PMD<7:0>

PMALH

PMCS2

PMRD
PMWR

D0..D7 #jY A0~A15 1Y

A<7:0>

A<14:8>

LhE% T

32K x 8-Bit Device

A<14:0>

D<7:0>
CE
OE WR

N A

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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MICROCHIP EE - D0..D15 Eﬁ\z AO0~A15 B"j’ﬁiﬂ:%:_
( =4 100-pin 7y PIC32)

b

s PMCON<ADRMUX1:ADRMUX0> = 11

PIC32MX
PMALL

D<7:0>

PMD<15:0>

PMALH

A<7:0>

32K x 16-Bit Device

A<14:0>

D<15:0>
CE
OE WR

PMCS2

N /N

PMRD
PMWR

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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s PMMODE Register

EHIET,

5
&

o

bit 7-6 WAITB1:WAITBO: Data Setup to Read/Write Wait State Configuration bits("

11 = Data wait of 4TPB ; multiplexed address phase of 4 TPB
10 = Data wait of 3TPB ; multiplexed address phase of 3 TPB
01 = Data wait of 2TPB ; multiplexed address phase of 2 TPB
00 = Data wait of 1TPB ; multiplexed address phase of 1 TPB

bit 5-2 WAITM3:WAITMO: Read to Byte Enable Strobe Wait State Configuration bits
1111 = Wait of additional 15TPB

0001 = Wait of additional 1 TPB
0000 = No additional Wait cycles (operation forced into oneTPB )

bit 1-0 WAITE1:WAITEO: Data Hold After Strobe Wait State Configuration bits(")
11 = Wait of 4T1PB
10 = Wait of 31PB

01 = Wait of 2TPB
00 = Wait of 1TPB

Note 1: WAITBx and WAITEX bits are ignored whenever WAITM3:WAITMO = 0000.
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Wait State {55 FHEp1

MICROCHIP
~ |
Regional Traini
e FF&LCD W/R Timi
FE iming
Write Operation Read Operation
RS RS >ﬂ_ >
tAS TAl tAs" | [TAT
R/W R/W N N
LEF

—

l—
PWEH
E d
‘ER - |l < \DSW < 'DHR __

— PWEH [ EF
E
i tDDR LDHR

DBO- DB7 X X DBO— DB7
tCYCE - tCYCE
Item Symbol Limit (Min.) Limit (Max.) Unit
Enable Cycle Time tCYCE 1000 -- ns
Enable Pules Width ( High level ) PWEH ( 450 ) -- ns
Enable Rise/Fall Time tER.tEF == 25 ns
Address Set-Up Time (RS, R/'W.E ) tAS (,LD.O\) -- ns
Address Hole Time tAH (10 ) -- ns
Data Set-Up Time tDSW 100 -- ns
Data Delay Time tDDR -- 190 ns
Data Hold Time tDHR 20 -- ns
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Mﬁ?cmp PMP Wait State 3 &1

Regional Training

Centers
!TF’BITPBlTPBITPBlTPBlTPBlTPB|TPB|TPB|TPB|TPB|TPB|TPB|TPBl
PMCS2PMCS1 ., | : ! I I : \ : : : : : : :
Mose1 T, | : : : : : : : : : : : ' :
| PMRD/PMWR: T e Mo
1 ] 1 M 1 ] 1 I 1 1 1 1 1 |
L PMENB_I' : ! [ 1 1 \ ' ! ! 1 1 1 1 |
- — 1 l' :B |: : : : E 1 1 1 : 1 | | |
- ! 1 : 1 ll " ! 1 ! ! 1 | '
MMode 2™ PMRD ! ) ! } | ! \ ' ' ! ! [ ! | |
| 1 : : : ' | 1 1 1 1 1 1 1 1
PMWR ! : ) . I ! ' ' ! 1 ! ! ! |
L — | : I I : : 1 1 | : | 1 ! 1
BUSY ! l | ! ! t : : ! ! !

Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M= WAITM<3:0> = 0010 (3 Wait states)
E =WAITE<1:0> = 01 (1 Wait state)

Note: If WAITM<3:0>=0000,Misforcedto 1 Tpge k, WAITB is ignored (B forced to 1 Tegey k), and WAITE is ignored (E forced
to 0 Teacyk)-
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A\ APP1632 $1LCD &1 PMP {1

MICROCHIP

Reglonal Talning @3 oy 1E jg j‘j—ﬁ

PI1C32 MCU
PMRD/PMWR > | RIW
PMENB * | E
Parallel PMAO > |RS LCD
Master PMD<7:0> [¢==y——> | DB7 _ DBO
Port

PMAO Afrik4R ; A0 = 0 iF3EEHE Instruction
A0= 1 F34E Data
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MICROCHIP

Regional Training z =
Centers \)

m E2E PIC32MX795F512L PMP 1Y3H , iéf LCD (S5 2 IEHERIAr
s PIC32MX795F512L #y PMP RIfir ZHEE T 24FJ128GA010

m APP1632 t] DI R 5cE Explorer-16 FrEHy LCD flfER,

) APP1632 LCD [

+V
R29 R30
—AAN AAA “|
10K 470
CON1
d 1 2 p—————
e 4 p——— = >RB15/PMAQ
RDSPMRD <__>—5 g p—___>RD4PMWR
REOPMDO0 < >—-7 g fp———__>RE1/PMD1
RE2PMD2 <__>——{o9 0 p—=<__>RE3/PMD3
RE4/PMD4 < >— 11 2 fp——__>RES/PMES5
REGPMDE < >——— 12 4 p———__ >RETPMET

LCD CONNECTOR
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MICROCHIP

Regional Training
Centers

{3 PMP 5R$2 ]

PIC32MX795F512L ¢y PM

 ER

LL PMP 2R52R%, LCD BYFI4EME

n SERAFAER LCM.c RYRERITEEZ

g

» {2 MCU B3 2 LCD —17

PMP Exercise

LCD
P

s B ITHREZH Timer THF52REYZE update £

LCD [k

PMD15

H73F 100-pin 7y PIC32 Device 5 PMDS ..

CCCCCCCCC



) LCD Module HJ#£/

MicrocHIP
LMC-SSC2A16
NO | SYMBOL | LEVEL FUNCTION

1 VDD -- DC +5V
2 VSS -- GND (0V)
3 VO H/L Contrast Adjust
4 RS H/L Register select
5 R/W H/L Read/Write
6 E H.H-L Enable signal
7 DBO0 H/L Data Bit 0
8 DB1 H/L Data Bit |
9 DB2 H/L Data Bit 2
10 DB3 H/L Data Bit 3
11 DB4 H/L Data Bit 4
12 DB3S H/L Data Bit 5
13 DB6 H/L Data Bit 6
14 DB7 H/L Data Bit 7
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MICROCHIP

Regional Training

LCD Commands [1]

Centers
Instruction Code Execution
Instruction Description time (fosc=
RS |RAW(DB7|DB6|DB5|DB4|DB3(DB2|DB1|DBO 270 kHz)
Clear Write 20H"to DDRAM and set
Display S N N N I I DDRAM address to '00H"from AC 153 s
Set DDRAM address to ‘00H"
Return from AC and return cursor to its
Home o|o0fO0|O|JO|[O0O|[O]0O]| 1| - |originalposition if shifted. 153 ms
The contents of DDRAM are not
changed.
Entry Mode Assign cursor moving direction
Set Ofoo (o000 ibsH and enable the shift of entire display. 39 ps
: Set display(D), cursor(C),
Display ON/ o|lojof|ofof|0o|1|D]|C|B [andblinking of cursor(B) on/off 39 ps
OFF Control )
control bit.
Cursor or Set cursor moving and display 39 us
Display o|l0|0O|O|O| 1 |SIC|IRL| - - |shift control bit, and the direction, H
Shift without changing of DDRAM data.
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Regional Training

LCD Commands [2]

Centers

Set interface data length (DL:

. | _ |B-bit/d-bit), numbers of display line 39 us
Funchion Set 0 [0 1T BLINTF (N: 2-line/1-line) and, display
font type (F:5x11dots/5x8 dots)
Set CGRAM o | 1 lacslacalacalacalact|aco Set CGRAM address in address 39 us
Address counter.
Set DDRAM 1 lacslacslacalacalacalactlaco Set DDRAM address in address 39 us
Address counter.
, . 5
e e B
Flag and BF |ACB|AC5[AC4|AC3|AC2|AC1T|ACD ’ 0us
The contents of address counter
Address
can also be read.
\Write Data to Write data into internal RAM
RAM D7 |D6 (D5 | D4 |D3 | D2 | D1 |DO (DDRAM/CGRAM). 43 us
Read Data Read data from internal RAM
from RAM D7 |D6 (D5 | D4 (D3| D2 | D1 (D0 (DDRAM/CGRAM). 43 us

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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woooe  LCD $BFER 8-bit IR ETUHATIE

Regional Training

Centers
v
Power ON Function Set
_ v : RS |R'W |DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBI | DB0
Wait more than 15ms after Vpp rises to 0.9Vpp 0 0 0 0 ] ] N F % %
Function Set Dis 1" Off
RS |R/W | DB7| DB6 | DBS | DB4 | DB3 | DB2 | DBI | DBO 1p=ay

ol ol o] ol 1 HERERERE RS |R'W | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DBI | DBO
010001001 ]0]07]0

v

Wait more than 4.1 ms

| Display Clear
Function Set RS |R/'W |DB7|DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB
RS |R/W | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DBI1 | DBO 0 0 0 0 0 0 0 0 0 |
o JoJoflo [t v [*]*[+*]+ |
: v Entry Mode Set
Waat more than 100 48 RS |R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 [ DBI | DBO
> O[O0 [0 O0O]O]O|O0O|1|ID|S
Function Set
RS |R/W | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO _ a '
0ol o0 | o 0 1 1 x % P % Wiite data to the DD/CG RAM and set the Instruction

Wait more than 10€7.s or Busy Flag Check >

v
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MICROCHIP

Regional Training
Centers

n R ERHE A PMPIN — && R
llﬂ%ﬂ(&%Dummy R/W)

s Wait State ? 2 %15 CPU HyZE[EE 5
m PIC32 By T 2R & B

s PMPADDR = ??7?7?

4 PMPIN 2?7?27

PMP Data Write & Read
= /72% E%Aﬂﬁﬁztk

PMP data bus ;

= Var1 = PMPIN

Wait State fid& ?

LCD Y Timing;2&7A

sssss

Code
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wesee 405 4 1 PMP_Exercise HIPIZs

Regional Training
Centers

= PMP B4R TN ELLR 5B K
s C\RTC\MCU4101T\Lab4 PMP\
Lab4 PMP.mcp

n LCD HVHEEBIRE T EKSE K
m fEZELfE  LCM.c
® Head Files : LCM.h

m LCD Operation Mode :
m 2 lins , 8-bit bus , 5X7 character




- 4
e C32 M BHTE &

Regional Training
nters

s HE—EEVMERETFEIAE Flash
Memory &R

Examples :

m const unsigned char MyName[] =" | am
PIC32MX795 *;

m const unsigned char * pname;

s E&5—715[1 ROM Hy7EE




R
meroce 52V LCD Functions (LCM.c)

Regional Training

m void LCM_Init()
n % LCD HE 5 ==
m int LCM IsBusy()

= :5H{ LCD 7y BUSY Flag i {#H[a[jR5E
= 1 =Busy 0= NotBusy

m void LCM_PutASCII( unsigned char)
o RHMEARTEEF T E LCD

m Void LCM_SetCursor( char X, charY)
= i LCD HYFIREFEER (X,Y)




f{a\

meroce 52V LCD Functions (LCM.c)

Regional Training
Centers

m LCM_PutROMString( const un5|gned char *String )

m & const data memory Y5

=g LCD E1H

s LCM_PutRAMString( unsigned char *String )
s & data memory FyZ5H LCD EiH

s LCM_PutHex( unsigned char Hex)
n RFEBEEE SN TTHY7E0E LCD BN

s RO EEZAE H EHY functions 7Kk

H BT

BhDL EIHEE , 328k function

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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MICROCHIP LCD ﬁﬁ ’%‘H’\j -';‘ﬁ?g

Regional Training
Centers

m #fi2A LCD By&S— command ZF B EEHIT

B R

{Eix®& Busy Flag SEARBCRI /A ? Why ?

RS 8—bit busy flag check timing

R/W / ~

Internal [ Internal Operation

DB7 - - Susy . No Busy,

RS 4—bit busy check timing

—

Instruction Write Flag check Flag check Flag check | Instruction Write

Internal Internal Operation ‘

2 /NN A A NV NV /NN

|

Instruction \Vrnv Flag check Flag check Incﬂruot:on Write

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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" o
e LCM _IsBusy() FV&EEE

Regional Training
Centers

unsigned char LCM_IsBusy( void )
{
unsigned char Temporary;
Il Clear the PMPIF
PMPSetAddress( LCM_INSTRUCTION );

Temporary = mPMPMasterReadByte( ); // Dummy Read
for trigger PMP active (:EEHE E—ZREE)
/[ Check The PMPIF

Temporary = mPMPMasterReadByte( );
IS5 " 2RER » A B BRAERVIRRR S &

return ( ( Temporary >> 7 ) & 0x01 );
}

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 146




ﬂ{?

MICROCHIP

Regional Traini

Centers

ng

Lab4 PMP.c HJE
HE T FE

1
=

s MyName[ ]=“l am PIC32MX795” ;

BEEiaRERTRIET

£ main( ) E

-+

A AH E YRR |
277 PMP Modulefy#441E

“ main( ) PMP ModuleffJ#J#& 1% Mz
LCM _Init( ) k¥ LCD 541k

1IN

£ main() ©

o LCM.c &

s LCM_PutASCII()
LCM_IsBusy()

LCM_SetCursor()
LCM_PutROMString()
LCM_PutRAMString()

THYBITEZ SRR

i
e l\\\ﬁ

Lll-l'

i chnology Incorporated

. All Rights Rese

rved.



_ .. ..' —f"DC)WOOU‘...
%%ﬁ’*&% PIC32 Family Reference Manual
FATE
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oS PIC32 ADC [yEiAfsit

Regional Training

Centers
Intemal Data Bus
32
Comparator
Vi . ~
D Lt v S
VL ’_s’:,‘}"— DAac ) ) /.:-"‘—1
I" =
{ 10-DRSAR | Conversion Logic
' )
ADCI1BUFO:
ADCI1BUFF
AD1CON1
AD1CON2
AD1CON3
ADICHS
AD1PCFG
ADICSSL
L —
Contral Logle Conversion Control
-
Pin Contg Control
Input MUX Control
© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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Mfcfnx?cmFi F %‘?ﬁ%ﬁ E,\JLT'?\‘:‘_;

=R R HUEME

>
o

A/D#Ei A
4GSR S
=AY

Lo
i A

1 S i

- B3 g , HF fied
Bra HUERS4E R %T
HuAs B aa A &8
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MICROCHIP P|C32 ADC H/\j:

Regional Training
Center

s B ARVEELE SR Vref+ & Vref- G5y
B, B8R 2n NZIE
s, 555 1024 [FZIE
s Vref+ & Vref- B BIAMITER (8 B A5G VDD & VSS

s PIC32 HA5—4H ADC , {HIR

A LART LA 32 2 4HAY ADC &

n DL 10-bit #ZHTE

T

I REREES
b

:.m\ %j::: (1 )
SR eraRiNE

= PIC32 iJ ADC {#if] SAR (EEHEITE) 1y
At CUS ARk TAD Ry e HYEE &L

m PIC32 iy ADC F4H% T 85 , A3 MHER:

CasHy YR

BT

m PIC32 1§ ADC Z578EF A %%

HYTIHE

g%, HJEEE]

' -
v
~

i




f{s\

MICROCHIP P|C32 ADC H/\j:

Regional Training

[EIFEE

2RO (2)

a PIC32 ADC fisi#2s0H: PIC24F % , 3t75 8 &

HALEY

= PIC32 ADC NZEF 16 {f 32-bit Ay Buffer

= ADC1BUF0 ~ ADC1BU
= PIC32 1y ADC HJ 7Y

FF

s 2By ADC macros
s OpenADC10()
s EnableADC10()
m SetChanADC10()
s ConvertADC10()
s BusyADC10()
s ReadADC10()

g CPU HyE

BHAREL

Reserved.

CCCCCCCCC



MICROCHIP A/D EE ?ﬁlﬁgﬁj i% N ?ﬁljﬁ‘ﬁ

Regional Training

FENHUE / BT B

ek14- ASAM=0

Mt
LITUN

HUAE : HEfAL
: HeF ] ! iS5

GG HUBRAE A
Hutk FRAAEHA &R

A IE AR R
SAMP=1 SAMP=0 DONE=1 ?

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 153



ﬂ{?

MICROCHIP ADC H/\ji

Regional Training
Centers

AD1CON1

Bit 7

L LA T

Bit 0

SSRC<2:0>

ASAM

SAMP

DONE

SSRC<2:0> - BUE A DI AN A (5 st A 125
111 = {58 F PR HRF s 8 FUSK p ] R AT ] (2 SR

(E5%F] ADICON3 B{E2EHIEEE)

010 = Timer 3 FHIEELIRSERL 1% + 45 R EUBEADCRE 8L
001 = INTO Fi{er FE firAERS - 455U ADCRI it
(5275 5] INTCON2 <INTOEP> {i7 JTHYEX E)

000 = /&R SAMP {izJLigiE i (F-EhEHA)

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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wewe  PIC32 ADC E R B IS

Regional Training
Centers

ALl

= VAR —2' F A ;.
= £/ AD1PCGF gz ER L ARz
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0 R/W-0 RW-0
PCFG15 PCFG14 PCFG13 PCFG12 PCFG11 PCFG10 PCFG2 PCFG8
bit 15 bit 8
RW-0 RWO RWO RWO RW-0 RW-0 RWO RW-0
PCFG7 PCFG6 PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bt
U = Unimplemented bit -n = Bit Value at POR: ('0", '1", x = Unknown)
bit 31-16 Reserved: Write "2"; ignore read
bit 15-0 PCFG<15:0>: Analog Input Pin Configuration Control bits

1 = Analog input pin in Digital mode, port read input enabled, ADC input multiplexer input for this
analog input connected to AVss

0 = Analog input pin in Analog mode, digital port read will retum as a "1’ without regard to the voltage
on the pin, ADC samples pin voltage

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 155



Y " _
weoow  GRE T — ADC BHRGS SA LR T

Regional Training

n B LRSEREY TAE
= C:\RTC\MCU4101T\Lab5 ADC Single\

Lab5 ADC Single.mcp

» (EFISRE 4 1) PMP gfIiE=( RAERs
n ¥ ADC 523E Ry H BTHUB R T3

» HITEERREAERSE VRT BYEEL , WA LL 0 ~ 1023 By ERUR
7 LCD Ky AT

n NG R Ry VR1 = xxxx
m JEEEIE : £ APP1632 1y VR1 #3|gy& PICtail Plus &
ANS5/RB5 gyHifir , 12 APP1632-2 gy PIC32 PIM Module

ELMIESSBE RN AYBEER CPU 1Y AN2/RB2 Bl
PICtail Plus 7}EifJ AN5/RB5

s ATl VR1 BV IEHERELR B2 PIC32MX795 Y AN2/RB2

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 156



ﬂ/
Mu:é?cmp

Regional Training
Center

SR 7~ — ADC HEAALE REVER AR

n HRENHFTEAITAE
s C\RTC\MCU4101T\Lab6 ADC Scan\ L.ab6 ADC
Scan.mcp

m (ETORE SEKE A SRE 4HIPMPEESIRE ZU /R e RS

=it ADC a5t 7% H B b S Bl - M H B
HAVR1, VR21 - J69VR1, VR2 35 0 ~ 1023

HIER RS LCD m%:ﬁ
m B REYSGE SR B VR1 = xxxx, VR2 = xxxx

i chnology Incorporated. All Rights Reserved. Class Code Slide 157
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MICROCHIP fﬁ%? ADC T|merﬁﬁﬁﬁiﬁﬁﬁiﬁzﬁ

Regional Training

s MB7TATHRNITEGUEESATA)
s BADCEREA B BB ETIMERG S E i,
n BIRRADCHET , WEREE T,
m X EIEEMADEE RZIOAREE,
n SRENBHBTIMERS ,
s EVADPERZEER , WAADFERZEER
FENADEBREE |, EZEE BB EEEH
ADE{EEHUIRRE,
s REEXPWAZEE | AAEVRIEE
LL0~1023 WA XNERR LCD BEE =17,




PR AE R |
PUP a2 &Rl 5T




PIC32 iy UART Module
=522 PIC32 Family Reference Manual

FITE

(Options)




Z
Mﬁé\m, PIC32 1y UART module

Regional Traimng
Cent

m PIC32 #y UART module £ PIC24F 1y
module £&3T5H[E]

s MPLAB C32 1y Library ¥f UART 52
¥ 1Y support

= UART 1Y Library 7£#rikHY MPLAB C32 i
TRIBHVBTN , F]255 1 H ek PRITESR
m C:\Program Files\Microchip\MPLAB C32 Suit

e\doc\pic32-lib-help

CCCCCCCCC



Mo MPLAB C32 ##y UART Library

Centers

s 2% UART Peripheral Library #Jz58H

% PIC32MX UART Peripheral Library P—

2 I T N A

BB 2=k +t—8 -5 B8  FEg  EEO

am o

PIC32MX
AEIC | 5 Teor
© | =k I ™ I HOEED I UAR_T Contents | Index | Home Previous | Up | Next
Peripheral
@ How the Library Works - Library
[2) Configuring the Library UARTConfigure Function
= ([ Library API
= ([ Interface Routines 0 C -
=) (Q] Configuration void UARTConfigure ( =
3] UARTConfigure Function - UART MODULE id, I
[2] UARTSetAddress Function UART CONFIGURATION flags
(2] UARTSetFifoMode Function )i

[2] UARTSetDataRate Function —
[2] UARTSetLineControl Function
= ([ Control

2] UARTEnable Function This routine allows the caller to configure

[2] UARTWatchForAddress Function various features of the UART module for desired
[2] UARTStartAutoDataRateDetect Functic operation.

(2] UARTSendBreak Function - il
< T y » T =

Description




"X
Még:mp \?% Baud Rate H’\J%ﬁf?.(’l)

Regional Training
Centers

s BRGH = 0 By51HEAZ

EQUATION 19-1: UART BAUD RATE WITH

BRGH = o(1)
FPB
Baud Rate =
UG Rate = 16 « (UxBRG + 1)
UxBRG = FpB ~1

16 « Baud Rate

Note 1: FPB denotes the penpheral bus clock
frequency.
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Még:mp \?% Baud Rate H’\J%ﬁf?_(z)

Regional Training
Centers

s BRGH =1 Byt R A

EQUATION 19-2: UART BAUD RATE WITH

BRGH = 1(1)
Baud Rate = FPB
4« (UxBRG + 1)
iy a FPB B
ERBRG= 4 « Baud Rate .

Note 1: FPB denotes the instruction cycle clock
frequency.
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Serial Communication Modules
in PIC32MX5/6/7




MicROCHIP Serial Communications

Regional Training
Centers

s Combined UART, SPI and 12C

m User selectable serial communications
= More serial communication peripherals available
s Fewer muxing conflicts with other peripherals
s Each module is configurable and has 4 i/o pins

= 3 Instantiations on each part

Serial Communication

SPI

UART GPIO

SCMxA SCMxB SCMxC SCMxD

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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MicRoCHIP Configuration Options...

Regional Training
Centers

Serial Communication

(‘; xB,ﬁCMxC-'SCMxD

R | TX(LTSRTS | 1xUARTwh Flow Control
R v | 2xummoroico
o sto ss/isok | sp
oA soLfjcPolmo | 1xrewmaeo
SOA_SoL{ fn | Tx | ARG+ 1UART o i Conrl
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Mﬁg\mp User Selectable Combinations of

Regi%r::tzrrasining P e ri p h e ra I s

Example Confiqurations

(Select 1 function block from each row)

| UART wit | ) 112C +
: <TS 2 CT> 2 UARTs sint 1 SPI 11C UART
1 (=2}
1 E
| 1 UART with ‘ , 112C + E
i nTag ors (L 2UARTs jint 1 SPl 112C UART :
1 =
| 1 UART with | , 112C + &
| RTS&CTS  2UARTS " 1FC 1 UART 3
| :
| o
| g
: 5
: ?

SP{ 1 SPI

Example 1 = 1 UART (with flow control), 2 UARTs, 2 SPI, 1 I12C (64-pin)

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 168
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MICROCHIP

Regional Training
Centers

Peripherals

Example Confiqurations

(Select 1 function block from each row)

User Selectable Combinations of

____________________________________________________________________________________________

1 UART with ‘ 9 112C +
RTS & CTS 2 UARTs yn: 1 SPI 112C 1 UART

1 UART with | , 112C +
RS g cTs 2 UARTs i 1 SPI 112C v

1 UART with
RTS & CTS

: 112C +
( 2
2 UARTs )| 112C e

SP{ 1 SPI

>

Example 2 = 4 UARTSs, 2 SPI, 2 I12C (100-pin)

suondQ uoneinbiyuon uid-gg|

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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MICROCHIP é( ;'IE;I /\ . ’fEi . UART1 ﬁé'fg 7I°I‘

Re glonal Traimng

m 5] Lab8 UART _TX H#tFHY Project

s Init_ UART1() E&# UART 5% 7€ £ 9600,N
8,1
s £ MPLAB C32 #8y UART macros

s FIHSE 3 V&RE , BEF—(ERE &1R /rEf)

SUNEX ,\\\{QH%E%FEEJL)\ U3A (UART3A )i

13 PC

m (R “ AR A IR “ Boa ¥Ry COM Port 5% E 2K
BelrE Rt

m BB Time=MM. SS

I"I"

CCCCCCCCC



) o5 I AL 322
MICROCHIP AR B / \ E"JEEE EE%“%

Regional Training
Centers

s APP1632 1y UART IC [ JP3 8243k PIC24F &
PIC32MX3/4 1y U2TX & U2RX

N

= PIC32MX567 2%1{#E FH¥#HY Communication

module , FTPURE ST PIC32MX3 7Y U2TX/U2RX &h§;

U3ATX & U3ARX

s APP1632 fyHEEE 2K JP3 BVEE 156 2 { Jumer

(ARl

n 558 )\ EHIREREH U1ATA & U1ARX 3Rk{#H %
UART &E%] PC

1E483 )\ 5 PIC32 iy UART Library RE S5

UART A0V T




)

MICROCHIP ‘kﬂFgﬁ)&m Il::ll IZI.JA

Regional Trainin
Center

J#y functions

m sprintf(SprintfBuffer,“Time = %d 473: %d

FMNn\r", Min,Sec) ;

- putsUART1 (SprintfBuffer) ;

. BT B, R

U3A {HixH

=

n 5] MPLAB C32 Peripheral Library 51y UART

B4t 5




ﬂ{?

MICROCHIP

Regional Training
Centers

SKRE )\ HYT

& COM3 _9600BPS - BB FEratE

O =

BEE #REE WA

IFANC) WED SR

\\‘D 7'<

EBX

TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=

045y - 45F9
0453 : L6FD
W
045> - 48FD
045y - 49%D
043 : 505
04> :51F>
04> - 52%%
04y :53%%
0453 : S4FD
04 : 558
04> :56%%
045y 57D
0453 : 58F4
0453 : 59F4
15r: 0%
157 1%
1453 2%
153: 3%
157 &F%
147 5%
153 : 68
153 : 7%

SE4R 00:08:35

Bahiaill

9600 8-N-1

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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Optimizing Code




f/
MICI§CHIP Cach i ng

Regional Training
Centers

» Why Cache?
> Fetches 128-bit data
s 4x32-bit instructions
s 8x16-bit instructions
» Up to 80 MIPS execution
» 256 Bytes Cache
m 16 total lines

> Must execute from a cacheable
memory segment (KSEGO0, KUSEG)

> Enable caching using peripheral lib

Cache
16x128b Prefetch (1

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code Slide 175



ﬂ/
Mlcggcmp

Regional Training
Centers

Primary OSC
Crystal
Resonator
External Clock Internal
\ g 8 MHz
Internal
32 kHz
Secondary
OSC

Clocking

USB PLL

DIV PLL DIV

DIV by 16

DIV by
1,2, 4, .. 256

WDT, PWRT

RTCC, TMR1

DIV by
1,2,4,8

Fail-Safe
CLK Monitor

Peripheral
Clock

System
Clock

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP Effect of PrefetCh CaChe

Regional Training
Centers

\ded!
-~ ne (‘J
Wait State! / Cac
N / ~
Wait State! >§ / |
Wait State! //< - Q.Cac’“eu

N = -
PR

/
/

rrrrrrrrrrrrrrr e rrr T Tttt T T T T T T T T T T T T T T T T T T T T T T T T T TTTd

0 10 20 30 40 50 60 70 80
Processor Speed (MHz)

Performance
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Mlcég:mp

Configuration

Centers

> Clocks

System Clock
PB Divider

> Wait States
Flash (0-7)
Data RAM (0-1)




ﬂ/
Mlc:c?cmp

Regional Training
Centers

Method 1:

Method 2:

PIC32 Configuration Bits

» MPLAB IDE v8.10 - [Configuration Bits]
) Eile Edit View Project Debugger Programmer Tools Configure Window Help

=[o|x|
=lsix|

|DEE|[smaE|(Zaw?|]|] Ios@ B0

[~ Configuration Bits set in code.

Address Value Category
1rco 2rrC 3333333 ICE/ICD Comm Channel Select
Boot Flash Write Protect
Code Protect
1FCO_2FF8 FFFFFFFF Oscillator Selection Bits
Secondary Oscillator Enable
Internal/External Switch Over
Primary Oscillator Configuration
CLKO Output Signal Active on the 0SCO Pin
Peripheral Clock Divisor

Watchdog Timer Postscaler

Watchdog Timer Enable
1FCO_2FF4 FFFFFFFF PLL Input Divider

PLL Multip r

System PLL Output Clock Divider

Setting
ICE EMUC2/EMUD2 pins shared with PGC2/PGD2
Boot Flash is writable
Protection Disabled
Fast RC Osc w/Div-by-N (FRCDIV)
Enabled
Enabled
Primary osc disabled
Enabled
Pb_Clk is Sys_Clk/8

Clock switching disabled; fail safe clock monitor disabled

1:1048576
WDT Enabled
12x Divider

[PIC32MX360F512L | [w:0 [ |

Il Configuration Bit Settings

#pragma config FPLLMUL = MUL_20, FPLLIDIV = DIV_2, FPLLODIV = DIV_1

#pragma config POSCMOD = HS, FNOSC = PRIPLL, FPBDIV = DIV_1, OSCIOFNC = OFF, FWDTEN = OFF

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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m

MICROCHIP

Centers

Compiler Settings

» Project Options

- =03 usually provides best
speed
- -Os provides smallest size
. Extra optimization
. Loop unrolling
. Omit frame pointer

Build Options For Project "UARTBasic 2%

MPLAB PIC32 Assembler | MPLAB PIC32C Compiler | MPLAB PIC32 Linker |
Directories I Trace PIC32 Suite

Categories: IDptimization

— Generate Command Line

£l

— Optimization Level

— Specific Optimizations

3

speed

V' Unroll loops

code size

Pre-Optimization Inst. Scheduling:

Post-Optimization Inst. Scheduling:

I[D efault for Optimization Level) j

I[D efault for Optimization Level) ;I

Restore Defaults I

-03 -funroll-loops -fomit-frame-pointer

o< |

Cancel | Apply | Help

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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Y Optimizing Code

MICROCHIP

Regional Training
Centers

» Default settings are not maximum
performance

> Remember the 4 C’s:
Clocks, Cache, Config, and Compiler

> Use Peripheral Library
SYSTEMConfig ()




f{s\

MICROCHIP

Re glonal Training

m SEN
m 23N PIC32 By Pre Cache By&:f#
Sl

{52 HY Core Timer By 53K %
ZHy System Clock 8 &

m ** Core Timer & 2 {f System Clock &

{7H
m 52

k3 1, Code Optimized

r

m ER

1
m 5

Watch Window K%

/L

SYSTEMConfig Fij1&HyE1

={t—(E SYSTEMConfig() Az
AR BT

Tl

=

SRR TR
—

ZZ time_in_ms

AR R




PIC32 Peripherals

SEER




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

© 2008 M

icrochip Technology Incorporated. All Rights Reserved.
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R
Mf 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

POR Time

Slide 185
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R
# Brown Out Reset

Mic

Regior
If enabled, this peripheral will reset the microcontroller 1f

the Source Voltage drops below a certain level, or Trip
point. We want this to happen, because the program could

behave erratically if voltage 1s bad.
Controller Resets at
this point!

Voltage

__Toppont NN

Time

BOR

Slide 186
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AN\
Mf Low Voltage Detect

Regior

C
= Low Voltage Detect and High/Low Voltage Detect
= Monitor Supply Voltage and trigger an Interrupt if voltage crosses the

detect value

Interrupt requested
at this point!

Voltage

Time
LVD

Class Code Slide 187
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AN\
Mf USB OTG USB OTG E

Regior PIC32MX4xx
c

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

Integrated DMA Controller to Access System RAM and
Flash
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R
Mff 16 bit Timers

Regior
K All PIC32 Timers are 16 bit. There are two types, A and B. 16-bit Timers

All timers have the following features:
*16 bit Timer/Counter
*Software-Selectable internal or external clock
*Programmable interrupt generation and priority
*Gated external pulse counter

Type A Timers additionally have:
*Async Timer/Counter with a built in OSC
«Can operate during CPU Sleep mode
*Software selectable Prescalers, 1:1, 1:8, 1:64, and 1:256

Type B Timers additionally have:
*Ability to concatenate into a 32 bit timer/counter
«Software Prescalers 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64,
1:256
*Event Trigger Capability
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2\

Mic Power On Reset

Regior
C

m If enabled, a counter increments from 0
to some value on a regular interval of
time

m The program should have provisions to

occasionally set the counter value back
to zero.

m [If the counter ever overflows, the
processor will be reset.

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

m Can be used to bring the controller out
of SLEEP or IDLE mode

Watchdog

© 2008 Microchip Technology Incorporated. All Rights Reserved. Class Code
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Mic 10 bit ADC

Regior
C

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

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

*One unipolar differential Sample-andHold Amplifier
«Automatic Channel Scan mode

*Selectable Conversion Trigger Source

*16 word Conversion result buffer

*Selectable Buffer Fill modes

*Eight Conversion result format options

*Operation during CPU SLEEP and IDLE possible
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Mic 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
iInterrupt on mismatch condition

Operate during CPU SLEEP and IDLE
modes

Fast bit manipulation using CLR, SET
and INV registers

GP 1/O
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Mic UARTS

¢ «Full-duplex, 8-bit or 9-bit data transmission

*Even, odd or no parity options (for 8-bit data)

*One or two Stop bits

*Hardware auto-baud feature

*Hardware flow control option

*Fully integrated Baud Rate Generator with 16-bit prescaler
*Baud rates ranging from 76 bps to 20 Mbps at 80 MHz

*4-level-deep First-In First-Out (FIFO) transmit and receive data
buffer

*Parity, framing and buffer overrun error detection
*Support for interrupt only on address detect (9th bit = 1)
*Separate transmit and receive interrupts

» Loopback mode for diagnostic support

*LIN 1.2 protocol support

*IrDA encoder and decoder with 16x baud clock output for

external IrDA encoder/decoder support

UART - 2
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Mic 12C Module

Regior
C

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
|I2C systems:

*As a slave device |2C™ - 2

*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)
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we  Serial Peripheral Interface

Regior
C

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:
*Master and Slave modes support

*Four different clock formats

*Framed SPI protocol support SPI™ -2

*User configurable 8-bit, 16-bit, and 32-bit data
width

*Separate SPI shift registers for receive and
transmit

*Programmable interrupt event on every 8-bit, 16
-bit, and 32-bit data transfer
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Mic: Input Capture

Regi(g
Can capture
ICx Input Timer3 Timer2 . .
J l every rising
cTm Y or falling
T ke T event, and
v ;i ,,,F,IE) COTTI— — ~ ICxBUF<31:16> ICxBUF<15:0> — Can Count
P;?Z??Igr > Edge Detect —’1"1::——: ::::: t : [ every 4th Or
X dof ’ 3 16th event
! A ] |
: ICM<‘2:O> 11 % ICBNE
|CM<|2‘0> ICFEPGE ;i—/\lcov - | I I
JRNT_—— Cap/Com/PWM - 5
T | ICl<1:0> . Generation . |

P Data Space Interface

1

Interrupt Peripheral Data Bus
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Mic Output Compare/PWM

Regior
C

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

*Multiple output compare modules in a device

*Single and Dual Compare modes

*Single and continuous output pulse generation
*Pulse-Width Modulation (PWM) mode
*Programmable interrupt generation on compare event

Hardware-based PWM Fault detection and automatic
output disable

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

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

Regior

" 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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Mic Parallel Master Port

Regior
CParallel 8-bit/16-bit /O module specifically designed to
communicate with a wide variety of parallel devices

Highly configurable

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

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

*Address auto-increment/auto-decrement
*Programmable address/data multiplexing
*Programmable polarity on control signals
*Legacy parallel slave port support

*Enhanced parallel slave support - address support - 4-bytes
-deep, auto-incrementing buffer

*Programmable Wait states

Freeze option for in-circuit debugging

! PMP16-bit Data |
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Can be configured in a variety of ways.

Selectable inputs available include:

*Analog inputs multiplexed with /O
pins

*On-Chip Internal Absolute Voltage
Reference (IVREF)

Comparator Voltage Reference
(CVREF)

Outputs can be inverted

Selectable interrupt generation

Mic Analog Comparator

Analog Comp- 2
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S Peripherals

MICROCHIP

Regional Training
Centers

Whirlwind tour through all the peripherals
available in the PIC32 family

Lots more information available in the
datasheet

Consider taking MCU 4201 for easy hands
on experience with these peripherals
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