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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

MIPS32® M4K™

32-Bit Single-Core

80MHz

CANbDus, I12C, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, POR, PWM, WDT
53

64KB (64K x 8)

FLASH

32K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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PIC32MX5XX/6XX/7XX

TABLE 3: PIC32MX7XX USB, ETHERNET, AND CAN FEATURES
USB, Ethernet, and CAN
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PIC32MX764F128H | 64 | 128 +12M | 32 | 1 | 1 | 1 |5/5/5|4/8| 6 | 3 | 4 | 16 | 2 | Yes| Yes| No I\F;IE
PIC32MX775F256H | 64 | 256 +120 | 64 | 1 | 1 | 2 |5/5/5| 88| 6 | 3 | 4 | 16 | 2 | Yes| Yes| No ;IE
PIC32MX775F512H | 64 |512+12M | 64 | 1 | 1 | 2 |5/5/5| 88| 6 | 3 | 4 | 16 | 2 | Yes| Yes| No I\F;IE
PIC32MX795F512H | 64 |512+12M |128| 1 | 1 | 2 |5/5/5| 88| 6 | 3 | 4 | 16 | 2 | Yes| Yes| No I\F;IE
@ PT,PF,
PIC32MX764F128L {100 | 128 +12() | 32 | 1 | 1 | 1 |5/55|4/6 | 6 | 4 | 5 | 16 | 2 |Yes|Yes|Yes| [~
(€N PT,PF,
PIC32MX775F256L | 100 | 256 +12() | 64 | 1 | 1 | 2 |5/55|8/8 | 6 | 4 | 5 | 16 | 2 |Yes|Yes|Yes| .-
) PT,PF,
PIC32MX775F512L | 100 | 512+12) | 64 | 1 | 1 | 2 [5/55|8/8 | 6 | 4 | 5 | 16 | 2 |Yes|Yes|Yes| [~
) PT,PF,
PIC32MX795F512L | 100 | 512+12() 1128 | 1 | 1 | 2 |5/55|8/8 | 6 | 4 | 5 | 16 | 2 |Yes|Yes|Yes| "'

Legend: PF, PT = TQFP MR = QFN BG = TFBGA TL = VTLA®
Note 1. This device features 12 KB boot Flash memory.
2: CTS and RTS pins may not be available for all UART modules. Refer to the “Device Pin Tables” section for more
information.
3:  Some pins between the UART, SPI and 1C modules may be shared. Refer to the “Device Pin Tables” section for
more information.
4: Referto Section 34.0 “Packaging Information” for more information.
5:  100-pin devices other than those listed here are available in the VTLA package upon request. Please contact your local
Microchip Sales Office for details.
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PIC32MX5XX/6XX/7XX

2.5 ICSP Pins

The PGECx and PGEDXx pins are used for In-Circuit
Serial Programming™ (ICSP™) and debugging. It is
recommended to keep the trace length between the
ICSP connector and the ICSP pins on the device as
short as possible. If the ICSP connector is expected to
experience an ESD event, a series resistor is
recommended, with the value in the range of a few tens
of Ohms, not to exceed 100 Ohms.

Pull-up resistors, series diodes and capacitors on the
PGECx and PGEDXx pins are not recommended as they
will interfere with the programmer/debugger communi-
cations to the device. If such discrete components are
an application requirement, they should be removed
from the circuit during programming and debugging.
Alternatively, refer to the AC/DC characteristics and
timing requirements information in the respective
device Flash programming specification for information
on capacitive loading limits and pin input voltage high
(VIH) and input low (VIL) requirements.

Ensure that the “Communication Channel Select” (i.e.,
PGECX/PGEDx pins) programmed into the device
matches the physical connections for the ICSP to
MPLAB® ICD 3 or MPLAB® REAL ICE™.

For more information on ICD 3 and REAL ICE connec-
tion requirements, refer to the following documents that
are available on the Microchip web site.

« “Using MPLAB® ICD 3" (poster) (DS50001765)
« “MPLAB® ICD 3 Design Advisory” (DS50001764)

« “MPLAB® REAL ICE™ In-Circuit Emulator User’s
Guide” (DS50001616)

. “Using MPLAB® REAL ICE™ Emulator” (poster)
(DS50001749)

2.6 JTAG

The TMS, TDO, TDI and TCK pins are used for testing
and debugging according to the Joint Test Action
Group (JTAG) standard. It is recommended to keep the
trace length between the JTAG connector and the
JTAG pins on the device as short as possible. If the
JTAG connector is expected to experience an ESD
event, a series resistor is recommended, with the value
in the range of a few tens of Ohms, not to exceed 100
Ohms.

Pull-up resistors, series diodes and capacitors on the
TMS, TDO, TDI and TCK pins are not recommended
as they will interfere with the programmer/debugger
communications to the device. If such discrete compo-
nents are an application requirement, they should be
removed from the circuit during programming and
debugging. Alternatively, refer to the AC/DC character-
istics and timing requirements information in the
respective device Flash programming specification for
information on capacitive loading limits and pin input
voltage high (ViH) and input low (VIL) requirements.

2.7 Trace

The trace pins can be connected to a hardware-trace-
enabled programmer to provide a compress real time
instruction trace. When used for trace the TRDS3,
TRD2, TRD1, TRDO and TRCLK pins should be
dedicated for this use. The trace hardware requires
a 22Q) series resistor between the trace pins and the
trace connector.

2.8 External Oscillator Pins

Many MCUs have options for at least two oscillators: a
high-frequency primary oscillator and a low-frequency
secondary oscillator. Refer to Section 8.0 “Oscillator
Configuration” for details.

The oscillator circuit should be placed on the same side
of the board as the device. Also, place the oscillator cir-
cuit close to the respective oscillator pins, not exceed-
ing one-half inch (12 mm) distance between them. The
load capacitors should be placed next to the oscillator
itself, on the same side of the board. Use a grounded
copper pour around the oscillator circuit to isolate them
from surrounding circuits. The grounded copper pour
should be routed directly to the MCU ground. Do not
run any signal traces or power traces inside the ground
pour. Also, if using a two-sided board, avoid any traces
on the other side of the board where the crystal is
placed. A suggested layout is illustrated in Figure 2-3.
FIGURE 2-3: SUGGESTED OSCILLATOR
CIRCUIT PLACEMENT

Oscillator
Secondary

Guard Trace

Guard Ring

Main Oscillator

© 2009-2016 Microchip Technology Inc.
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PIC32MX5XX/6XX/7XX

REGISTER 4-3: BMXDUDBA: DATA RAM USER DATA BASE ADDRESS REGISTER
Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
31:24 — — — — — — — —
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16 — — — — — — — —
158 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0
' BMXDUDBA<15:8>
-0 R-0 R-0 R-0 RO | RO | R-0 R-0 R-0
' BMXDUDBA<7:0>
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’
bit 15-10 BMXDUDBA<15:10>: DRM User Data Base Address bits

When non-zero, the value selects the relative base address for User mode data space in RAM, the value
must be greater than BMXDKPBA.

bit 9-0

BMXDUDBA<9:0>: DRM User Data Base Address Read-Only bits

Value is always ‘0’, which forces 1 KB increments

Note 1:

2:

At Reset, the value in this register is forced to zero, which causes all of the RAM to be allocated to Kernal

mode data

usage.

The value in this register must be less than or equal to BMXDRMSZ.

DS60001156J-page 58
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PIC32MX5XX/6XX/7XX

8.0 OSCILLATOR The Oscillator module has the following features:
CONFIGURATION » A total of four external and internal oscillator
options as clock sources
Note:  This data sheet summarizes the features ¢ On-chip PLL with user-selectable input divider,
of the PIC32MX5XX/6XX/7XX family of multiplier and output divider to boost operating
devices. It is not intended to be a frequency on select internal and external
comprehensive reference source. To oscillator sources
complement the information in this data * On-chip user-selectable divisor postscaler on
sheet, refer to Section 6. “Oscillator” select oscillator sources
(DS60001112) in the “PIC32 Family Ref- « Software-controllable switching between
erence Manual’, which is available from various clock sources
the Microchip web site (www.micro- * A Fail-Safe Clock Monitor (FSCM) that detects
chip.com/PIC32). clock failure and permits safe application recovery
or shutdown
« Dedicated On-Chip PLL for USB peripheral
Figure 8-1shows the Oscillator module block diagram.
FIGURE 8-1: OSCILLATOR BLOCK DIAGRAM
fusen T T i}
| UEIN Iuss Clock (48 MHz)
| e— divx » PLL x24 [» div 2 ||
Pri Oscillat UFIN =4 MH UFRCEN
rimary Oscillator = z
(Posc) To Internal UPLLIDIV<2:0> UPLLEN
Logic \ L s - - - - - — - — - — — —
c1® et Al Dc XT, HS, EC
I
\ 4 MHz < FIN < 5 MHz
XTAL \ RE@| XTPLL, HSPLL, Postscaler | Peripherals
L2 " < - RLL | ECPLL, FRCPLL : e
0 ZRel < divx | PLL > divy div x PBCLK
L J Enable ¢
- Rs® | [
| ~— PLL Input Divider PLL Output Divider
co®d 0SCo® FPLLIDIV<2:0> PLLODIV<2:0> PBDIV<1:0>
FRC COSC<2:0> PLL Multiplier
Oscillator — (001 =FRC, PLLMULT<2:0> Fre
8 MHz typical 011 = Posc)
—
TUN<5:0> >| div16 FRC/16,_
FRCDIV CPU and Select Peripherals
- Postscaler > SYSCLK
|
FRCDIV<2:0>
LPRC LPRC
Osscillator 31.25 kHz typical
Secondary Oscillator (Sosc)
SOSCO . - .- - -. ,\\ 32.768 kHz Sosc
> Tcosc<2:0>
SOSCEN and FSOSCEN -
Clock Control Logic
Fail-Safe M,
Clock
Monitor FSCM Event
Notes: 1. A series resistor, Rs, may be required for AT strip cut crystals or eliminate I
clipping. Alternately, to increase oscillator circuit gain, add a parallel .
resistor, RP, with a value of 1 MQ. (N:gggzggz
2. The internal feedback resistor, RF, is typically in the range of 2 to 10 MQ. ) ’
3. Refer to the “PIC32 Family Reference Manual” Section 6. “ Oscillator FSCMEN<1:0> OSWEN WDT PWRT
Configuration” (DS60001112) for help determining the best oscillator ! =
components. Timer1, RTCC

4. PBCLK out is available on the OSC2 pin in certain clock modes.

© 2009-2016 Microchip Technology Inc.
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9.0 PREFETCH CACHE 9.1 Features
Note:  This data sheet summarizes the features * 16 fully-associative lockable cache lines
of the PIC32MX5XX/6XX/7TXX family of » 16-byte cache lines
devices. It is not intended to be a « Up to four cache lines allocated to data
comprehensive reference source. To « Two cache lines with address mask to hold
complement the information in this data repeated instructions

sheet, refer to Section 4. “Prefetch .
Cache” (DS60001119) in the “PIC32 * Pseudo-LRU replacement policy
Family Reference Manual”, which is avail- * All cache lines are software writable
able from the Microchip web site * 16-byte parallel memory fetch
(www.microchip.com/PIC32). < Predictive instruction prefetch

A simplified block diagram of the Prefetch Cache

Prefetch cache increases performance for applications s ey
module is illustrated in Figure 9-1.

executing out of the cacheable program Flash memory
regions by implementing instruction caching, constant
data caching and instruction prefetching.

FIGURE 9-1: PREFETCH CACHE MODULE BLOCK DIAGRAM
ESM CTRL
|
5 Tag Logic Cache Line
% CTRL
X[ ” 2
E > 9
Bus Control . >§<
Cache Control el o
Prefetch Control Cache
Hit LRU A d'-(;”e et ™ | roaTA
ress N
Miss LRU Encode -
L Prefetch . Prefetch =
CTRL RDATA
PFM
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10.0 DIRECT MEMORY ACCESS
(DMA) CONTROLLER

Note:  This data sheet summarizes the features
of the PIC32MX5XX/6XX/7XX family of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to Section 31. “Direct Mem-
ory Access (DMA) Controller”
(DS60001117) in the “PIC32 Family Ref-
erence Manual’, which is available from
the Microchip web site
(www.microchip.com/PIC32).

The Direct Memory Access (DMA) controller is a bus
master module useful for data transfers between
different devices without CPU intervention. The source
and destination of a DMA transfer can be any of the
memory mapped modules existent in the PIC32 (such
as SPI, UART, PMP, etc.) or memory itself.

Following are some of the key features of the DMA
controller module:
« Four identical channels, each featuring:

- Auto-increment source and destination address
registers

- Source and destination pointers

- Memory to memory and memory to
peripheral transfers

« Automatic word-size detection:

- Transfer granularity, down to byte level

- Bytes need not be word-aligned at source and
destination

« Fixed priority channel arbitration
« Flexible DMA channel operating modes:

- Manual (software) or automatic (interrupt) DMA
requests

- One-Shot or Auto-Repeat Block Transfer modes
- Channel-to-channel chaining

« Flexible DMA requests:

- A DMA request can be selected from any of the
peripheral interrupt sources

- Each channel can select any (appropriate)
observable interrupt as its DMA request source

- A DMA transfer abort can be selected from any of
the peripheral interrupt sources

- Pattern (data) match transfer termination

« Multiple DMA channel status interrupts:

- DMA channel block transfer complete

- Source empty or half empty

- Destination full or half full

- DMA transfer aborted due to an external event
- Invalid DMA address generated

« DMA debug support features:

- Most recent address accessed by a DMA channel
- Most recent DMA channel to transfer data

¢ CRC Generation module:

- CRC module can be assigned to any of the
available channels

- CRC module is highly configurable

FIGURE 10-1: DMA BLOCK DIAGRAM
1
INT Controller System IRQ
P <

{ Peripheral Bus )| Address Decoder )| Channel 0 Control

> |

) Channel 1 Control

<>l; Y le»|Bus Interface <Device Bus + Bus Arbitration>

In

Global Control Channel ‘n’ Contro
(DMACON)

A
\4

N

=

Channel Priority
Avrbitration
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REGISTER 10-16: DCHxCSIZ: DMA CHANNEL ‘x’ CELL-SIZE REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 U-0 U-0 U-0 u-0 U-0 u-0 U-0
31:24 — — — — — — — —
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16 — — — — — — — —
15:8 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' CHCSIZ<15:8>
70 R/W-0 R/W-0 R/W-0 Rw-0 | Rwo | R/W-0 R/W-0 R/W-0
' CHCSIZ<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bitis unknown

bit 31-16 Unimplemented: Read as ‘0’
bit 15-0 CHCSIZ<15:0>: Channel Cell-Size bits
1111112111111111 = 65,535 bytes transferred on an event

0000000000000010 = 2 hytes transferred on an event
0000000000000001 = 1 byte transferred on an event
0000000000000000 = 65,536 bytes transferred on an event

REGISTER 10-17: DCHxCPTR: DMA CHANNEL ‘x* CELL POINTER REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 u-0 u-0 U-0 U-0 u-0 u-0 u-0
31:24 — — — — — — — —
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16 — — — — — — — —
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15:8 -
CHCPTR<15:8>
70 R-0 R-0 R-0 R-0 | R-0 R-0 R-0 R-0
’ CHCPTR<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’

bit 15-0 CHCPTR<7:0>: Channel Cell Progress Pointer bits
1111111112111111 = 65,535 bytes have been transferred since the last event
0000000000000001 = 1 byte has been transferred since the last event
0000000000000000 = 0 bytes have been transferred since the last event
Note:  When in Pattern Detect mode, this register is reset on a pattern detect. I

© 2009-2016 Microchip Technology Inc.
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REGISTER 11-14: U1FRMH: USB FRAME NUMBER HIGH REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
u-0 u-0 u-0 u-0 u-0 u-0 u-0 U-0
31:24
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
15:8
70 u-0 u-0 u-0 u-0 u-0 R-0 R-0 R-0
' — — — — — FRMH<2:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-3 Unimplemented: Read as ‘0’
bit 2-0

FRMH<2:0>: Upper 3 bits of the Frame Numbers bits

These register bits are updated with the current frame number whenever a SOF TOKEN is received.

REGISTER 11-15: U1TOK: USB TOKEN REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
31:24
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
15:8
70 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' PID<3:0> EP<3:0>
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-8 Unimplemented: Read as ‘0’
bit 7-4  PID<3:0>: Token Type Indicator bits()

1101 = SETUP (TX) token type transaction
1001 = IN (RX) token type transaction
0001 = OUT (TX) token type transaction

Note: All other values not listed, are Reserved and must not be used.

bit 3-0

EP<3:0>: Token Command Endpoint Address bits

The four bit value must specify a valid endpoint.

© 2009-2016 Microchip Technology Inc.
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14.2

Control Registers

TABLE 14-1: TIMER2 THROUGH TIMERS REGISTER MAP

2 Bits
= L+ <) %]
o #* o =2 2
So| B0 g @
SRl 95| @ &
Tg o & g = 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 -
s> o <
£

31:16 — — — — — — — — — — — — — — — — 0000
0800 |T2CON >

15:0 ON — SIDL — — — — — TGATE TCKPS<2:0> T32 — TCs® — 0000

31:16 — — — — — — — — — — | — | — — — — — 0000
0810 | TMR2

15:0 TMR2<15:0> 0000

31:16 — — — — — — — — = = | — | — — — — — 0000
0820 | PR2

15:0 PR2<15:0> FFFF

31:16 — — — — — — — — — — | — | — — — — — 0000
0AQO [T3CON >

15:0 ON — SIDL — — — — — TGATE TCKPS<2:0> — — TCs® — 0000

31:16 — — — — — — — — — — | — | — — — — — 0000
0A10 | TMR3

15:0 TMR3<15:0> 0000

31:16 — — — — — — — — = = | — | — — — — — 0000
0A20 | PR3

15:0 PR3<15:0> FFFF

31:16 — — — — — — — — — — | — | — — — — — 0000
0C00 |T4CON >

15:0 ON — SIDL — — — — — TGATE TCKPS<2:0> T32 — TCs® — 0000

31:16 — — — — — — — — — — | — | — — — — — 0000
0C10 | TMR4

15:0 TMR4<15:0> 0000

31:16 — — — — — — — — = = | — | — — — — — 0000
0C20 | PR4

15:0 PR4<15:0> FFFF

31:16 — — — — — — — — — — | — | — — — — — 0000
OEOO [T5CON >

15:0 ON — SIDL — — — — — TGATE TCKPS<2:0> — — TCs® — 0000

31:16 — — — — — — — — — — | — | — — — — — 0000
O0E10 | TMR5

15:0 TMR5<15:0> 0000

31:16 — — — — — — — — = = | — | — — — — — 0000
0E20 | PR5

15:0 PR5<15:0> FFFF

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more
information.

2: These bits are not available on 64-pin devices.
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PIC32MX5XX/6XX/7XX

15,0 WATCHDOG TIMER (WDT) This section describes the operation of the WDT and
Power-up Timer of the PIC32MX5XX/6XX/7XX.

The WDT, when enabled, operates from the internal
Low-Power Oscillator (LPRC) clock source and can be
used to detect system software malfunctions by reset-
ting the device if the WDT is not cleared periodically in
software. Various WDT time-out periods can be
selected using the WDT postscaler. The WDT can also

Note: This data sheet summarizes the features
of the PIC32MX5XX/6XX/7XX family of
devices. However, it is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to Section 8. “Watchdog

Timer and  Power-up  Timer” be used to wake the device from Sleep or Idle mode.
(DS60001114) in the “PIC32 Family .

Reference Manual”, which is available The following are key features of the WDT module:
from  the  Microchip  web  site « Configuration or software controlled

(www.microchip.com/PIC32).

¢ User-configurable time-out period
« Can wake the device from Sleep or Idle mode

FIGURE 15-1: WATCHDOG TIMER AND POWER-UP TIMER BLOCK DIAGRAM

PWRT Enable LPRC

WDT Enable:E> > Control

PWRT Enable

LPRC 1:64 Output PWRT

Oscillator
P 1
Clock

- D—> 25-bit Counter

L

WDTCLR =1

WDT Enable :1 ) > \ \ % 25
Wake

0 Device Reset
e — WDT Counter Reset
WDT Enable 1 NMI (Wake-up)

Reset Event

Power Save

FWDTPS<4:0> (DEVCFG1<20:16>)
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REGISTER 20-2:

UxSTA: UARTx STATUS AND CONTROL REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
_ u-0 u-o U-0 u-0 u-o u-0 u-0 R/IW-0
31:24 — — — — — — — ADM_EN

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/IW-0 RIW-0
23:16 ADDR<7:0>
_ R/W-0 | R/W-0 RIW-0 R/W-0 R/W-0, HC R/W-0 R-0 R-1
158 UTXISEL<1:0> UTXINV URXEN UTXBRK UTXEN UTXBF TRMT
. R/W-0 | R/W-0 R/W-0 R-1 R0 R-0 RIW-0, HS R-0
0 URXISEL<1:0> ADDEN RIDLE PERR FERR OERR URXDA
Legend: HS = Set by hardware HC = Cleared by hardware

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 31-25
bit 24

bit 23-16

bit 15-14

bit 13

bit 12

bit 11

bit 10

bit 9

Unimplemented: Read as ‘0’

ADM_EN: Automatic Address Detect Mode Enable bit

1= Automatic Address Detect mode is enabled

0 = Automatic Address Detect mode is disabled

ADDR<7:0>: Automatic Address Mask bits

When the ADM_EN bit is ‘1", this value defines the address character to use for automatic address
detection.

UTXISEL<1:0>: TX Interrupt Mode Selection bits

11 = Reserved, do not use

10 = Interrupt is generated and asserted while the transmit buffer is empty

01 = Interrupt is generated and asserted when all characters have been transmitted

00 = Interrupt is generated and asserted while the transmit buffer contains at least one empty space

UTXINV: Transmit Polarity Inversion bit

If I'DA mode is disabled (i.e., IREN (UxMODE<12>) is ‘0"):
1 = UxXTX Idle state is ‘0’
0 = UxTX Idle state is ‘1’

If I'DA mode is enabled (i.e., IREN (UXMODE<12>) is ‘'1"):
1 = IrDA encoded UxTX Idle state is ‘1’
0 = IrDA encoded UxTX Idle state is ‘0’

URXEN: Receiver Enable bit
1 = UARTX receiver is enabled. UxRX pin is controlled by UARTx (if ON = 1)
0 = UARTXx receiver is disabled. UxRX pin is ignored by the UARTx module. UxRX pin is controlled by port.

UTXBRK: Transmit Break bit

1 = Send Break on next transmission. Start bit followed by twelve ‘0’ bits, followed by Stop bit; cleared by
hardware upon completion.

0 = Break transmission is disabled or completed

UTXEN: Transmit Enable bit

1 = UARTX transmitter is enabled. UxTX pin is controlled by UARTXx (if ON = 1)

0 = UARTX transmitter is disabled. Any pending transmission is aborted and buffer is reset. UXTX pin is
controlled by port.

UTXBF: Transmit Buffer Full Status bit (read-only)

1 = Transmit buffer is full

0 = Transmit buffer is not full, at least one more character can be written
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REGISTER 24-16: CiFLTCONG6: CAN FILTER CONTROL REGISTER 6 (CONTINUED)

bit 15 FLTENZ25: Filter 25 Enable bit
1 = Filter is enabled
0 = Filter is disabled
bit 14-13 MSEL25<1:0>: Filter 25 Mask Select bits

11 = Acceptance Mask 3 selected
10 = Acceptance Mask 2 selected
01 = Acceptance Mask 1 selected
00 = Acceptance Mask 0 selected

bit 12-8  FSEL25<4:0>: FIFO Selection bits
11111 = Message matching filter is stored in FIFO buffer 31
11110 = Message matching filter is stored in FIFO buffer 30

00001 = Message matching filter is stored in FIFO buffer 1
00000 = Message matching filter is stored in FIFO buffer 0

bit 7 FLTEN24: Filter 24 Enable bit
1 = Filter is enabled
0 = Filter is disabled
bit 6-5 MSEL24<1:0>: Filter 24 Mask Select bits
11 = Acceptance Mask 3 selected
10 = Acceptance Mask 2 selected
01 = Acceptance Mask 1 selected
00 = Acceptance Mask 0 selected
bit 4-0 FSEL24<4:0>: FIFO Selection bits
11111 = Message matching filter is stored in FIFO buffer 31
11110 = Message matching filter is stored in FIFO buffer 30

00001 = Message matching filter is stored in FIFO buffer 1
00000 = Message matching filter is stored in FIFO buffer 0

Note:  The bits in this register can only be modified if the corresponding filter enable (FLTENN) bit is ‘0.
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REGISTER 24-20: CiFIFOCONnN: CAN FIFO CONTROL REGISTER ‘n’ (n =0 THROUGH 31)

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1-0

Note 1:

TXABAT: Message Aborted bit®

1 = Message was aborted

0 = Message completed successfully

TXLARB: Message Lost Arbitration bit)

1 = Message lost arbitration while being sent

0 = Message did not lose arbitration while being sent

TXERR: Error Detected During Transmission bit()

1 = A bus error occured while the message was being sent

0 = A bus error did not occur while the message was being sent
TXREQ: Message Send Request

TXEN = 1: (FIFO configured as a Transmit FIFO)

Setting this bit to ‘1’ requests sending a message.

The bit will automatically clear when all the messages queued in the FIFO are successfully sent.
Clearing the bit to ‘0’ while set (‘1) will request a message abort.
TXEN = 0: (FIFO configured as a receive FIFO)

This bit has no effect.

RTREN: Auto RTR Enable bit

1 = When a remote transmit is received, TXREQ will be set

0 = When a remote transmit is received, TXREQ will be unaffected
TXPR<1:0>: Message Transmit Priority bits

11 = Highest message priority

10 = High intermediate message priority

01 = Low intermediate message priority

00 = Lowest message priority

These bits can only be modified when the CAN module is in Configuration mode (OPMOD<2:0> bits
(CiCON<23:21>) = 100).

This bit is updated when a message completes (or aborts) or when the FIFO is reset.
This bit is reset on any read of this register or when the FIFO is reset.
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REGISTER 25-37: EMAC1SAO: ETHERNET CONTROLLER MAC STATION ADDRESS 0 REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 |27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
31:24
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16
15:8 RIW-P R/W-P R/W-P R/W-P R/W-P RIW-P R/W-P R/W-P
' STNADDRG6<7:0>
70 R/W-P R/W-P R/W-P R/W-P R/W-P R/W-P R/W-P R/W-P
' STNADDR5<7:0>
Legend: P = Programmable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’

bit 15-8

bit 7-0

STNADDRG6<7:0>: Station Address Octet 6 bits
These bits hold the sixth transmitted octet of the station address.
STNADDRS5<7:0>: Station Address Octet 5 bits
These bits hold the fifth transmitted octet of the station address.

Note 1:

Both 16-bit and 32-bit accesses are allowed to these registers (including the SET, CLR and INV registers).
8-bit accesses are not allowed and are ignored by the hardware.

This register is loaded at reset from the factory preprogrammed station address.
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26.0 COMPARATOR The Comparator module contains two comparators that
can be configured in a variety of ways.

Note: This data sheet summarizes the features

) Key features of the Comparator module include:
of the PIC32MX5XX/6XX/7XX family of

devices. It is not intended to be a » Selectable inputs available include:
comprehensive reference source. To - Analog inputs multiplexed with 1/0O pins
complement the information in this data - On-chip internal absolute voltage reference (IVREF)
sheet, refer to Section 19 - Comparator voltage reference (CVREF)

“Comparator” (DS60001110) in the
“PIC32 Family Reference Manual”, which
is available from the Microchip web site
(www.microchip.com/PIC32). A block diagram of the Comparator module is
illustrated in Figure 26-1.

¢ Outputs can be inverted
¢ Selectable interrupt generation

FIGURE 26-1: COMPARATOR MODULE BLOCK DIAGRAM
Comparator 1
CREF . COUT (CM1CON<8>)
R ON cPOL C10UT (CMSTAT<0>)
c1N+® |
() 1 +
CVREF AR f—— -4 c10UT
I
CCH<1:0> c1 L F_ !
C1IN- —o ]
| — COE
ClIN+ J———0 |
C2iN+ [X}—-L1o I
| I
IVRer(® - 10 |
Comparator 2
CREF COUT (CM2CON<8>)
R ON cPOL C20UT (CMSTAT<1>)
C2IN+ I
() 1 +
CVREF AR f—— -4 C20UT
I
CCH<1:0> c2 L F_ !
C2IN- —o- ]
| — COE
caiN+ DXJ——o |
C1IN+ @—:_o !
IVRer®  ——+o0 [
Note 1: On devices with a USB module, and when the module is enabled, this pin is controlled by the USB module,
and therefore, is not available as a comparator input.
2: Internally connected. See Section 27.0 “Comparator Voltage Reference (CVREF)".
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31.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers (MCU) and dsPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:
* Integrated Development Environment

- MPLAB® X IDE Software
e Compilers/Assemblers/Linkers

- MPLAB XC Compiler

- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

« Simulators
- MPLAB X SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
« In-Circuit Debuggers/Programmers
- MPLABICD 3
- PICkit™ 3
» Device Programmers
- MPLAB PM3 Device Programmer

« Low-Cost Demonstration/Development Boards,
Evaluation Kits and Starter Kits

 Third-party development tools

31.1 MPLAB X Integrated Development
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for Microchip and third-party software, and
hardware development tool that runs on Windows®,
Linux and Mac OS® X. Based on the NetBeans IDE,
MPLAB X IDE is an entirely new IDE with a host of free
software components and plug-ins for high-
performance application development and debugging.
Moving between tools and upgrading from software
simulators to hardware debugging and programming
tools is simple with the seamless user interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that includes code completion and context menus,
MPLAB X IDE is flexible and friendly enough for new
users. With the ability to support multiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of experienced
users.

Feature-Rich Editor:

¢ Color syntax highlighting

* Smart code completion makes suggestions and
provides hints as you type

« Automatic code formatting based on user-defined
rules

« Live parsing
User-Friendly, Customizable Interface:

« Fully customizable interface: toolbars, toolbar
buttons, windows, window placement, etc.

¢ Call graph window

Project-Based Workspaces:

« Multiple projects

« Multiple tools

« Multiple configurations

¢ Simultaneous debugging sessions

File History and Bug Tracking:

¢ Local file history feature
 Built-in support for Bugzilla issue tracker
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TABLE 32-5:

DC CHARACTERISTICS: OPERATING CURRENT (Iop) (CONTINUED)

DC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for Industrial

-40°C < TA < +105°C for V-Temp

Param.

No Typical(3) Max. Units Conditions
Operating Current (Iob)12) for PIC32MX534/564/664/764 Family Devices
-40°C,
DC20c 6 9 Cod ing Flash +25°C,
ode executing from Flas
mA 9 +85°C — 4 MHz
DC20d 7 10 +105°C
DC20e 2 — Code executing from SRAM —
DC21b 19 32 A Code executing from Flash 25 MHz
m J— —_
DC21c 14 — Code executing from SRAM (Note 4)
DC22b 31 50 A Code executing from Flash 60 MHz
DC22c 29 — Code executing from SRAM (Note 4)
-40°C,
DC23c 39 65 Cod ing Flash +25°C,
ode executing from Flas
mA g +85°C — 80 MHz
DC23d 49 70 +105°C
DC23e 39 — Code executing from SRAM —
o LPRC (31 kHz)
DC25b 100 150 HA — +25°C 3.3V (Note 4)
Note 1: A device’s IDD supply current is mainly a function of the operating voltage and frequency. Other factors,
such as PBCLK (Peripheral Bus Clock) frequency, number of peripheral modules enabled, internal code
execution pattern, execution from Program Flash memory vs. SRAM, /O pin loading and switching rate,
oscillator type, as well as temperature, can have an impact on the current consumption.
2: The test conditions for IDD measurements are as follows:
« Oscillator mode is EC (for 8 MHz and below) and EC+PLL (for above 8 MHz) with OSC1 driven by
external square wave from rail-to-rail, (OSC1 input clock input over/undershoot < 100 mV required)
e OSC2/CLKO is configured as an I/O input pin
e USB PLL oscillator is disabled if the USB module is implemented, PBCLK divisor = 1:8
* CPU, program Flash, and SRAM data memory are operational, program Flash memory Wait
states =111, Program Cache and Prefetch are disabled and SRAM data memory Wait states = 1
* No peripheral modules are operating, (ON bit = 0)
« WDT, Clock Switching, Fail-Safe Clock Monitor, and Secondary Oscillator are disabled
« All'I/O pins are configured as inputs and pulled to Vss
* MCLR =VDD
« CPU executing whi | e(1) statement from Flash
e RTCC and JTAG are disabled
3: Data in “Typical” column is at 3.3V, 25°C at specified operating frequency unless otherwise stated.
Parameters are for design guidance only and are not tested.
4: All parameters are characterized, but only those parameters listed for 4 MHz and 80 MHz are tested at

3.3V in manufacturing.
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FIGURE 32-6:

TIMER1, 2, 3, 4, 5 EXTERNAL CLOCK TIMING CHARACTERISTICS

|
I
TxCK |

<« Tx10 — |
|

TMRx

&

<
-¢
<

0S60

/
|
-«—Tx11 —»I

x5 —mM8M

A

\J

- Tx20 —» |

Note: Refer to Figure 32-1 for load conditions.

x

TABLE 32-23: TIMER1 EXTERNAL CLOCK TIMING REQUIREMENTS)

AC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for Industrial

-40°C < TA < +105°C for V-Temp

Pell\rlgm. Symbol Characteristics@ Min. Typical | Max. | Units Conditions
TA10 |[TTxH TxCK Synchronous, | [(12.5 ns or 1 TPB)/N] — — ns [Must also meet
High Time |with prescaler +25ns parameter TA15
Asynchronous, 10 — — ns —
with prescaler
TA11l |[TTxL TxCK Synchronous, | [(12.5 ns or 1 TPB)/N] — — ns [Must also meet
Low Time |with prescaler +25ns parameter TA15
Asynchronous, 10 — — ns —
with prescaler
TA15 |[TTXP TxCK Synchronous, [(Greater of 25 ns or — — ns |VDD >2.7V
Input Period |with prescaler 2 TrB)/N] + 30 ns
[(Greater of 25 ns or — — ns |VDD <27V
2 TpB)/N] + 50 ns
Asynchronous, 20 — — ns |VDD > 2.7V
with prescaler (Note 3)
50 — — ns |VDD<2.7V
(Note 3)
0Ss60 |FT1 SOSC1/T1CK Oscillator 32 — 100 | kHz —
Input Frequency Range
(oscillator enabled by setting
TCS bit (TLCON<1>))
TA20 |TckexTMRL |Delay from External TXCK — — 1 TPB —
Clock Edge to Timer
Increment
Note 1: Timerlis a Type A.

2: This parameter is characterized, but not tested in manufacturing.
3: N = Prescale Value (1, 8, 64, 256).
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OULPUL COMPAIE....cciiieeieeeee et ee e et ee e 185
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PaCKaging .....ccoiiiiiiieii et 401
DEtalilS ..ot 403
[ = U 1T SR 401
Parallel Master Port (PMP) ......ccoooiiiiiiiieiiieee e 211
PIC32 Family USB Interface Diagram...........cccccceeevineennnee 134
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Pinout 1/O Descriptions (table) ..........ccovueveriiiiniiiie e 26
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Power-Saving Features...........coccevivieriiieeniiee e 331
CPU Halted Methods ..........ccooiiiiiiiiiieniece e 331
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Program Flash Memory
Wait State CharacteristiCs.........ccccovvueeeeiiieeriiieeeen. 363
R
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ADI1CHS (ADC Input Select) ......ccccooueeiieniiiiieiiene 239
ADI1CON1 (ADC Control 1) ..cccvveeveeeeeiiiiieieee e 235
AD1CON2 (ADC CoNtrol 2) ......cccvveveeieeeriireeiieenns 237
ADI1CON3 (ADC Control 3) .....cccveeveriiieiieiieesiieanns 238
ADI1CSSL (ADC Input Scan Select) .....cccccevvevvienennns 240
ALRMDATE (Alarm Date Value)..........ccccccveeeveninnnnns 230

ALRMTIME (Alarm Time Value) .......
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CHELRU (Cache LRU) .......ooiiiiiiiiiiieiee e
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278
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CiFIFOINTN (CAN FIFO Interrupt Register ‘n’) ......... 276
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CiFLTCONSG (CAN Filter Control 6) .........cccccevueeunene 268
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DEVID (Device and Revision ID)............ ... 342
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

« Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

¢ Local Sales Office

« Field Application Engineer (FAE)

¢ Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://microchip.com/support
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