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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

Ethernet, I2C, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, POR, PWM, WDT
85

512KB (512K x 8)

FLASH

128K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-TQFP

100-TQFP (12x12)
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PIC32MX5XX/6XX/7XX

TABLE 10:  PIN NAMES (CONTINUED)FOR USB AND CAN DEVICES

121-PIN TFBGA (BOTTOM VIEW)

PIC32MX534F064L L1
PIC32MX564F064L
PIC32MX564F128L
PIC32MX575F256L
PIC32MX575F512L

Note: The TFBGA package skips from row “H” to row “J” and has no “I” row.

Pin # Full Pin Name Pin # Full Pin Name
J3 PGED2/AN7/RB7 K8 VDD
J4 AVDD K9 SCK3/U4TX/U1RTS/CN21/RD15
J5 AN11/PMA12/RB11 K10 USBID/RF3
J6 TCK/RAL K11 SDA3/SDI3/U1RX/RF2
J7 AN12/PMA11/RB12 L1 PGEC2/AN6/OCFA/RB6
J8 No Connect (NC) L2 VREF-/CVREF-/PMA7/RA9

J9 No Connect (NC) L3 AVss

J10 SCL3/SDO3/U1TX/RF8 L4 AN9/C20UT/RB9

Jii D-IRG3 L5 AN10/CVREFOUT/PMA13/RB10

K1 PGEC1/AN1/CN3/RB1 L6 ACLTX/SCK4/USTX/U2RTS/RF13
K2 PGED1/ANO/CN2/RB0O L7 AN13/PMA10/RB13

K3 VREF+/CVREF+/PMAG/RA10 L8 AN15/OCFB/PMALL/PMAO/CN12/RB15
K4 ANS/C1OUT/RBS L9 SS3/U4RX/ULCTS/CN20/RD14

K5 No Connect (NC) L10 SDA5/SDI4/U2RX/PMA9/CN17/RF4
K6 AC1RX/SS4/USRX/U2CTS/RF12 L11 SCL5/SDO4/U2TX/PMA8/CN18/RF5
K7 AN14/PMALH/PMA1/RB14

Note 1: Shaded pins are 5V tolerant.
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3.2 Architecture Overview

The MIPS32 M4K processor core contains several
logic blocks working together in parallel, providing an
efficient high-performance computing engine. The
following blocks are included with the core:

3.2.1

Execution Unit

Multiply/Divide Unit (MDU)

System Control Coprocessor (CPO0)
Fixed Mapping Translation (FMT)
Dual Internal Bus interfaces

Power Management

MIPS16e® Support

Enhanced JTAG (EJTAG) Controller

EXECUTION UNIT

The MIPS32 M4K processor core execution unit imple-
ments a load/store architecture with single-cycle ALU
operations (logical, shift, add, subtract) and an autono-
mous multiply/divide unit. The core contains thirty-two
32-bit General Purpose Registers (GPRs) used for
integer operations and address calculation. One addi-
tional register file shadow set (containing thirty-two reg-
isters) is added to minimize context switching overhead
during interrupt/exception processing. The register file
consists of two read ports and one write port and is fully
bypassed to minimize operation latency in the pipeline.

The execution unit includes:

32-bit adder used for calculating the data address

Address unit for calculating the next instruction
address

Logic for branch determination and branch target
address calculation

Load aligner

Bypass multiplexers used to avoid stalls when
executing instruction streams where data
producing instructions are followed closely by
consumers of their results

Leading Zero/One detect unit for implementing
the CLZ and CLOinstructions

Arithmetic Logic Unit (ALU) for performing bit-wise
logical operations

Shifter and store aligner

3.2.2 MULTIPLY/DIVIDE UNIT (MDU)

MIPS32 M4K processor core includes a Multiply/Divide
Unit (MDU) that contains a separate pipeline for multi-
ply and divide operations. This pipeline operates in par-
allel with the Integer Unit (IU) pipeline and does not stall
when the IU pipeline stalls. This allows MDU opera-
tions to be partially masked by system stalls and/or
other integer unit instructions.

The high-performance MDU consists of a 32x16 booth
recoded multiplier, result/accumulation registers (HI
and LO), a divide state machine, and the necessary
multiplexers and control logic. The first number shown
(‘32" of 32x16) represents the rs operand. The second
number (‘16’ of 32x16) represents the rt operand. The
PIC32 core only checks the value of the latter (rt)
operand to determine how many times the operation
must pass through the multiplier. The 16x16 and 32x16
operations pass through the multiplier once. A 32x32
operation passes through the multiplier twice.

The MDU supports execution of one 16x16 or 32x16
multiply operation every clock cycle; 32x32 multiply
operations can be issued every other clock cycle.
Appropriate interlocks are implemented to stall the
issuance of back-to-back 32x32 multiply operations.
The multiply operand size is automatically determined
by logic built into the MDU.

Divide operations are implemented with a simple 1 bit
per clock iterative algorithm. An early-in detection
checks the sign extension of the dividend (rs) operand.
If rs is 8 bits wide, 23 iterations are skipped. For a 16 bhit
wide rs, 15 iterations are skipped and for a 24 bit wide rs,
7 iterations are skipped. Any attempt to issue a
subsequent MDU instruction while a divide is still active
causes an IU pipeline stall until the divide operation is
completed.

Table 3-1 lists the repeat rate (peak issue rate of cycles
until the operation can be reissued) and latency (num-
ber of cycles until a result is available) for the PIC32
core multiply and divide instructions. The approximate
latency and repeat rates are listed in terms of pipeline
clocks.

TABLE 3-1: MIPS32® M4K® CORE HIGH-PERFORMANCE INTEGER MULTIPLY/DIVIDE UNIT
LATENCIES AND REPEAT RATES
Opcode Operand Size (mul rt) (div rs) Latency Repeat Rate

MULT/ MULTU, MADD/ MADDU, 16 bits 1 1

MSUB/ MSUBU 32 bits 2 2

MUL 16 bits 2 1
32 bits 3 2

DI v/ DI VU 8 bits 12 11
16 bits 19 18
24 bits 26 25
32 bits 33 32
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FIGURE 4-2: MEMORY MAP ON RESET FOR PIC32MX534F064H AND PIC32MX534F064L
DEVICES
Mem\glt;ul?/llap(l) Merﬁg)rlill(\:llillp(l)
OXFFFFFFFF OXFFFFFFFF
0xBFC03000 Reserved
OXBFCO2FFF Device \
Configuration
OxBFCO02FFO Registers
OxBFCO2FEF
Boot Flash
0xBFC00000
0xBF900000 Reserved
OxBF8FFFFF
SFRs - Reserved
0XBF800000 Q >
0
0xBD010000 Reserved
OxBDOOFFFF
Program Flash®
0xBD000000
0xA0004000 Reserved
OxAO003FFF
RAM®)
0xA0000000 / Ox1FC03000
Reserved / Device. Ox1FCO2FFF
0x9FC03000 Configuration
O0X9FCO2FFF Device N Registers 0x1FCO2FFO0
Configuration OX1FCO2EEE
0x9FCO2FFO Registers Boot Flash
Ox9FCO2FEF 0Ox1FC00000
Boot Flash
0x9FC00000 Reserved 0x1F900000
Ox1F8FFFFF
Reserved SFRs
0x9D010000 § > —P 0x1F800000
Ox9DO0FFFF Q
Program Flash® Reserved
0x9D000000 0x1D010000
Ox1DOOFFFF
Reserved
0x80004000 Program Flash®
0x80003FFF 0x1D000000
RAM®)
0x80000000 ‘/ Reserved 0x00004000
0x00003FFF
Reserved RAM@)
0x00000000 \ 0x00000000
Note 1: Memory areas are not shown to scale.

2: The size of this memory region is programmable (see Section 3. “Memory Organization”
(DS60001115)) and can be changed by initialization code provided by end user
development tools (refer to the specific development tool documentation for information).

© 2009-2016 Microchip Technology Inc.
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REGISTER 5-2: NVMKEY: PROGRAMMING UNLOCK 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
W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0
31:24 NVMKEY<31:24>
wo | wo W-0 wo | wo ] W-0 W-0 W-0
23:16
NVMKEY<23:16>
wo | wo W-0 wo [ wo | W-0 W-0 W-0
158 NVMKEY<15:8>
' wo | wo W-0 wo | wo ] W-0 W-0 W-0
70 NVMKEY<7:0>
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 31-0 NVMKEY<31:0>: Unlock Register bits
These bits are write-only, and read as ‘0’ on any read.
Note:  This register is used as part of the unlock sequence to prevent inadvertent writes to the PFM.
REGISTER 5-3: NVMADDR: FLASH 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
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/IW-0 R/W-0
31:24 NVMADDR<31:24>
RW-0 [ RW-0 RIW-0 rRwo [ Rwo [ Rwo RIW-0 RIW-0
23:16 NVMADDR<23:16>
RW-O | RW-0 RW-0 RW-0 | Rwo | RWo RIW-0 RW-0
158 NVMADDR<15:8>
' RW-0 | RW-0 RW-0 RW-0 | Rwo | RWo0 RIW-0 RIW-0
70 NVMADDR<7:0>
Legend:

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 = Bitis unknown

bit 31-0 NVMADDR<31:0>: Flash Address bits

Bulk/Chip/PFM Erase: Address is ignored.

Page Erase: Address identifies the page to erase.
Row Program: Address identifies the row to program.
Word Program: Address identifies the word to program.

DS60001156J-page 66
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7.1

Control Registers

TABLE 7-2: INTERRUPT REGISTER MAP FOR PIC32MX534F064H, PIC32MX564F064H, PIC32MX564F128H, PIC32MX575F256H AND
PIC32MX575F512H DEVICES
a2 Bits
0~ - o
-c“l SIS =y %)
T o ) % -
L@ | BE o <3
Elw &3 = 31/15 | 30/14 29/13 28/12 2711 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 171 16/0 x
2= @
>
3116 | — = = = = = = = = = = = = = = SS0 | 0000
1000 | INTCON
15:0 — — — MVEC — TPC<2:0> — — — INTAEP | INT3EP |INT2EP | INT1EP | INTOEP | 0000
@318 — — — — — — — — — — — — — — — — | 0000
1010 | INTSTAT
15:0 — — — — — SRIPL<2:0> — — VEC<5:0> 0000
31:16 0000
1020| IPTMR IPTMR<31:0>
15:0 0000
ULTXIF | UIRXIF U1EIF
1030]  1Eso 31:16 | I2CIMIF | I2C1SIF | I2C1BIF | SPISTXIF | SPI3RXIF | SPI3EIF — — — OCSIF IC5IF T5IF INT4IF | OC4IF | IC4IF | T4IF | 0000
I2C3MIF | I2C3SIF | 12C3BIF
15:0 | INT3IF | OC3IF | IC3IF T3IF INT2IF OC2IF IC2IF T2IF INTLIF OC1IF IC1IF TUF INTOIF | CS1IF | CSOIF | CTIF | 0000
31:16 | IC3EIF | IC2EIF | IC1EIF = = CANL1IF USBIF FCEIF | DMA7IF® |DMAGBIF® | DMASIF® |DMA4IF@ | DMA3IF | DMA2IF | DMALIF | DMAOIF | 0000
1040]  1Es1 U2TXIF | U2RXIF | UZ2EIF | U3TXIF | U3RXIF USEIF
15:0 | RTCCIF | FSCMIF = = = SPI4TXIF | SPI4RXIF | SPI4EIF | SPI2TXIF |SPI2RXIF| SPI2EIF | CMP2IF | CMP1IF | PMPIF | AD1IF | CNIF | 0000
I2C5MIF | 12C5SIF | 12C5BIF | I12CAMIF | 12C4SIF | 12C4BIF
1050| IFs2 |3L16]_— = = = — — — = = = — = = — — — | 0000
15:0 — — — — USTXIF | USRXIF USEIF | UBTXIF | UBRXIF | UGEIF U4ATXIF | U4RXIF | U4EIF |PMPEIF| IC5SEIF | IC4EIF | 0000
ULITXIE | UIRXIE U1EIE
1060 1ECO 31:16 | I2CIMIE | I2C1SIE | I2C1BIE | SPI3TXIE | SPI3RXIE | SPI3EIE = = = OCS5IE IC5IE TSIE INT4IE | OC4IE | IC4IE | T4IE | 0000
I2C3MIE | 12C3SIE | I12C3BIE
15:0 | INT3IE | OC3IE | IC3IE T3IE INT2IE OC2IE IC2IE T2IE INTLIE OCL1IE IC1IE TLE INTOIE | CS1IE | CSOIE | CTIE | 0000
31:16 | IC3EIE | IC2EIE | ICIEIE = = CAN1IE | USBIE FCEIE |DMA7IE® [DMAGIE®)| DMASIE® |DMA4IE®| DMASIE |DMAZIE|DMALIE [DMAOIE | 0000
w0l 1Ect U2TXIE | U2RXIE | UZ2EIE | U3TXIE | U3RXIE | USEIE
15:0 | RTCCIE | FSCMIE = = = SPI4TXIE | SPI4RXIE | SPIEIE | SPI2TXIE | SPI2RXIE | SPI2EIE | CMP2IE | CMP1IE | PMPIE | AD1IE | CNIE | 0000
I2CSMIE | I2C5SIE | 12C5BIE | I2CAMIE | 12C4SIE | 12C4BIE
1080]  1EC2 3116 — = = = = = = = = = = = = = = — | o000
15:0 — — — — USTXIE | USRXIE | USEIE | UBTXIE | U6RXIE | USBEIE U4ATXIE | U4RXIE | U4EIE |PMPEIE| IC5EIE | IC4EIE | 0000
100! 1Pco 31:16 | — — — INTOIP<2:0> INTOIS<1:0> — — — CS1IP<2:0> CS1I1S<1:0> | 0000
15:0 — — — CS0IP<2:0> CS0IS<1:0> — — — CTIP<2:0> CTIS<1:.0> | 0000
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Except where noted, all registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4 0x8 and OxC, respectively. See Section 12.1.1 “CLR, SET

and INV Registers” for more information.
2:  These bits are not available on PIC32MX534/564/664/764 devices.
3:  This register does not have associated CLR, SET, and INV registers.
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NOTES:

DS60001156J-page 94 © 2009-2016 Microchip Technology Inc.
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REGISTER 8-1: OSCCON: OSCILLATOR CONTROL REGISTER (CONTINUED)

bit 18-16

bit 15
bit 14-12

bit 11
bit 10-8

bit 7

bit 6

bit 5

bit 4

bit 3

PLLMULT<2:0>: Phase-Locked Loop (PLL) Multiplier bits

111 = Clock is multiplied by 24
110 = Clock is multiplied by 21
101 = Clock is multiplied by 20
100 = Clock is multiplied by 19
011 = Clock is multiplied by 18
010 = Clock is multiplied by 17
001 = Clock is multiplied by 16
000 = Clock is multiplied by 15

Unimplemented: Read as ‘0’
COSC<2:0>: Current Oscillator Selection bits

111 = Internal Fast RC (FRC) Oscillator divided by OSCCON<FRCDIV> bits
110 = Internal Fast RC (FRC) Oscillator divided by 16

101 = Internal Low-Power RC (LPRC) Oscillator

100 = Secondary Oscillator (Sosc)

011 = Primary Oscillator (Posc) with PLL module (XTPLL, HSPLL or ECPLL)
010 = Primary Oscillator (Posc) (XT, HS or EC)

001 = Internal Fast RC Oscillator with PLL module via Postscaler (FRCPLL)
000 = Internal Fast RC (FRC) Oscillator

Unimplemented: Read as ‘0’

NOSC<2:0>: New Oscillator Selection bits

111 = Internal Fast RC Oscillator (FRC) divided by OSCCON<FRCDIV> bits
110 = Internal Fast RC Oscillator (FRC) divided by 16

101 = Internal Low-Power RC (LPRC) Oscillator

100 = Secondary Oscillator (Sosc)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL or ECPLL)

010 = Primary Oscillator (XT, HS or EC)

001 = Internal Fast Internal RC Oscillator with PLL module via Postscaler (FRCPLL)
000 = Internal Fast Internal RC Oscillator (FRC)

On Reset, these bits are set to the value of the FNOSC Configuration bits (DEVCFG1<2:0>).
CLKLOCK: Clock Selection Lock Enable bit

If clock switching and monitoring is disabled (FCKSM<1:0> = 1x):
1 = Clock and PLL selections are locked
0 = Clock and PLL selections are not locked and may be modified

If clock switching and monitoring is enabled (FCKSM<1:0> = 0x):

Clock and PLL selections are never locked and may be modified.

ULOCK: USB PLL Lock Status bit

1 = Indicates that the USB PLL module is in lock or USB PLL module start-up timer is satisfied

0 = Indicates that the USB PLL module is out of lock or USB PLL module start-up timer is in progress or
USB PLL is disabled

SLOCK: PLL Lock Status bit

1 = PLL module is in lock or PLL module start-up timer is satisfied

0 = PLL module is out of lock, PLL start-up timer is running or PLL is disabled

SLPEN: Sleep Mode Enable bit

1 = Device will enter Sleep mode when a WAI T instruction is executed

0 = Device will enter Idle mode when a WAI T instruction is executed

CF: Clock Fail Detect bit

1 = FSCM has detected a clock failure

0 = No clock failure has been detected

Note:

Writes to this register require an unlock sequence. Refer to Section 6. “Oscillator” (DS60001112) in the
“PIC32 Family Reference Manual” for details.

DS60001156J-page 98 © 2009-2016 Microchip Technology Inc.
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TABLE 10-3: DMA CHANNELS 0-7 REGISTER MAP (CONTINUED)
® Bits
o - 5} %)
° nl o = 2
o© i %]
<3| 22 | & &
Tg ';-'3 e 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 —
= o <
£
31:16 — — — — — — — — — — — — — — — — 0000
35F0 | DCH7SSIZ
15:0 CHSSIZ<15:0> 0000
awe] — | — | — [ = 1 = | = — — | = — — — | = — — —  Joooo
3600 | DCH7DSIZ
15:0 CHDSIZ<15:0> 0000
sts] — [ — | — [ — 1 = [ = = = | = = — = = — = —  [oooo
3610 [DCH7SPTR
15:0 CHSPTR<15:0> 0000
sts] — [ — [ — [ — 1 = [ = = = | = = — = | = — = —  [oooo
3620 [DCH7DPTR
15:0 CHDPTR<15:0> 0000
31:16 = | = 1T =T =1 =1 = — = | = — — = | = — — — o000
3630 | DCH7CSIZ
15:0 CHCSIZ<15:0> 0000
sts] — [ — | — [ — 1 = [ = = = | = = — = = — = —  [oooo
3640 [DCH7CPTR
15:0 CHCPTR<15:0> 0000
3116 — = — — = — = = — = — = | = — = —  [oooo
3650 | DCH7DAT
15:0 — — — — — — — — CHPDAT<7:0> 0000
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: DMA channels 4-7 are not available on PIC32MX534/564/664/764 devices.
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REGISTER 10-14: DCHxSPTR: DMA CHANNEL ‘x’ SOURCE 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 — — — — — — — —
158 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
' CHSPTR<15:8>
70 R-0 R-0 R-0 R-0 | R-0 R-0 R-0 R-0
' CHSPTR<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 CHSPTR<15:0>: Channel Source Pointer bits
1111111111111111 = Points to byte 65,535 of the source

0000000000000001 = Points to byte 1 of the source
0000000000000000 = Points to byte 0 of the source

| Note:

When in Pattern Detect mode, this register is reset on a pattern detect.

REGISTER 10-15: DCHxDPTR: DMA CHANNEL ‘x” DESTINATION 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
CHDPTR<15:8>
20 R-0 R-0 R-0 R-0 | R-0 R-0 R-0 R-0
' CHDPTR<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 CHDPTR<15:0>: Channel Destination Pointer bits
1111111111211111 = Points to byte 65,535 of the destination

0000000000000001 = Points to byte 1 of the destination
0000000000000000 = Points to byte 0 of the destination

DS60001156J-page 130
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12.0 1/O PORTS Following are some of the key features of this module:

« Individual output pin open-drain enable/disable
« Individual input pin weak pull-up enable/disable

* Monitor selective inputs and generate interrupt
when change in pin state is detected

¢ Operation during Sleep and Idle modes

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 12. “I/O Ports” ¢ Fast bit manipulation using CLR, SET and INV
(DS60001120) in the “PIC32 Family registers

Reference Manual”, which is available Figure 12-1 illustrates a block diagram of a typical
from the  Microchip web  site multiplexed I/0 port.

(www.microchip.com/PIC32).

General purpose I/O pins are the simplest of peripher-
als. They allow the PIC32 MCU to monitor and control
other devices. To add flexibility and functionality, some
pins are multiplexed with alternate function(s). These
functions depend on which peripheral features are on
the device. In general, when a peripheral is functioning,
that pin may not be used as a general purpose 1/O pin.

FIGURE 12-1: BLOCK DIAGRAM OF A TYPICAL MULTIPLEXED PORT STRUCTURE

Peripheral Module
S o T, T l

< iﬁ 1
RD PORT T !

Peripheral Module Enable
| Peripheral Output Enable |
L Peripheral Output Data _I
PIO Module T — — — — — —
| RDODC ——— j/‘_ T 7|
| N |
| Data Bus D Q |
| PBCLK cK _|obc |
EN @ ]
| wropc [ ;— \ —i |
] 110 Cell
|  RDTRIS ! ) |'______I
| ~ | | |
| |
| SRR | |
| cKk _|TRIS nel |
| EN @ | o |
| WR TRIS | L — o JI |
Output Multiplexers
| D Q ‘|—|—<< ,—|X| |
| CK _|LAT | 1/0 Pin |
| EN Q L 1 _ 4
WR LAT I
WR PORT
| ]
| RD LAT N
|
|
| | _
| Sleep | Q CK{—‘ Q CK4—||
| PBCLK L_S_F'_"__J
ynchronization
| Peripheral Input /RI

Peripheral Input Buffer

Legend: R = Peripheral input buffer types may vary. Refer to Table 1-1 for peripheral details.

Note: This block diagram is a general representation of a shared port/peripheral structure is only for illustration purposes. The actual structure
for any specific port/peripheral combination may be different than it is shown here.

© 2009-2016 Microchip Technology Inc. DS60001156J-page 157


http://www.microchip.com/PIC32
http://www.microchip.com/PIC32
http://www.microchip.com/PIC32

PIC32MX5XX/6XX/7XX

REGISTER 16-1:

ICXCON: INPUT CAPTURE ‘x’ CONTROL REGISTER

Bit Range Bit Bit Bit Bit Bit Bit Bit Bit
g 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/W-0 u-0 R/W-0 u-0 u-0 u-0 R/W-0 R/W-0
15:8 @)
ON — SIDL — — — FEDGE C32
70 R/W-0 R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0
' ICTMR ICI<1:0> ICOV ICBNE ICM<2:0>
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown

bit 31-16
bit 15

bit 14
bit 13

bit 12-10
bit 9

bit 8

bit 7

bit 6-5

bit 4

bit 3

Note 1:

Unimplemented: Read as ‘0’
ON: Input Capture Module Enable bit®

1 = Module is enabled
0 = Disable and reset module, disable clocks, disable interrupt generation and allow SFR modifications

Unimplemented: Read as ‘0’

SIDL: Stop in Idle Control bit

1 = Halt in Idle mode
0 = Continue to operate in Idle mode

Unimplemented: Read as ‘0’

FEDGE: First Capture Edge Select bit (only used in mode 6, ICM<2:0> = 110)
1 = Capture rising edge first

0 = Capture falling edge first

C32: 32-bit Capture Select bit

1 = 32-hit timer resource capture

0 = 16-bit timer resource capture

ICTMR: Timer Select bit (Does not affect timer selection when C32 (ICXCON<8>) is ‘1)
1 = Timer2 is the counter source for capture

0 = Timer3 is the counter source for capture

ICI<1:0>: Interrupt Control bits

11 = Interrupt on every fourth capture event

10 = Interrupt on every third capture event

01 = Interrupt on every second capture event

00 = Interrupt on every capture event

ICQOV: Input Capture Overflow Status Flag bit (read-only)

1 = Input capture overflow is occurred

0 = No input capture overflow is occurred

ICBNE: Input Capture Buffer Not Empty Status bit (read-only)

1 = Input capture buffer is not empty; at least one more capture value can be read
0 = Input capture buffer is empty

When using the 1:1 PBCLK divisor, the user’s software should not read/write the peripheral’'s SFRs in the

SYSCLK cycle immediately following the instruction that clears the module’s ON bit.
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22.1 Control Registers
TABLE 22-1: RTCC REGISTER MAP
@ Bits
= o <] %]
° #I o o 2
o b 0
<3| 2 | & &
Tg é 2 g = 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 2216 21/5 20/4 19/3 18/2 171 16/0 —
= o <
£
31:16 — — — — — — CAL<9:0> 0000
0200 | RTCCON
15:0 ON — SIDL — — — — — RTSECSEL [RTCCLKON — — RTCWREN|RTCSYNC| HALFSEC | RTCOE |0000
31:16 — — — — — — — — — — — — — — — — 0000
0210 | RTCALRM
15:0 | ALRMEN | CHIME PIV ALRMSYNC AMASK<3:0> ARPT<7:0> 0000
31:16 HR10<3:0> HR01<3:0> MIN10<3:0> MIN01<3:0> XXXX
0220 | RTCTIME
15:0 SEC10<3:0> SEC01<3:0> — = [ =1 = = — — —  [xxo00
31:16 YEAR10<3:0> YEAR01<3:0> MONTH10<3:0> MONTHO01<3:0> XXXX
0230 | RTCDATE
15:0 DAY10<3:0> DAY01<3:0> = = [ =1 = WDAY01<3:0> xx00
31:16 HR10<3:0> HR01<3:0> MIN10<3:0> MIN01<3:0> XXXX
0240 |ALRMTIME
15:0 SEC10<3:0> SEC01<3:0> — e = — — —  |xxo00
31:16 — — — — — — — — MONTH10<3:0> MONTHO01<3:0> 00xx
0250 |ALRMDATE
15:0 DAY10<3:0> DAY01<3:0> — = [ =1 = WDAY01<3:0> xx0x
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 its virtual address, plus an offset of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more

information.
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REGISTER 24-22: CiFIFOUAN: CAN FIFO USER ADDRESS REGISTER ‘n’ (n = 0 THROUGH 31)

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
. R-x R-x R-x R-x R-x R-x R-x R-x
31:24 CiFIFOUAN<31:24>
. R-x R-x | R-x R-x | R-x | R-Xx | R-x R-x
23:16 -
CiFIFOUAN<23:16>
. R-x R-x | R-x R-x | R-x | R-Xx | R-x R-x
158 CiFIFOUAN<15:8>
_ R-x Rx | Rx Rx | Rx | Rx | RO® R-00)
0 CiFIFOUAN<7:0>
Legend:

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 31-0 CiFIFOUAN<31:0>: CAN FIFO User Address bits
TXEN = 1: (FIFO configured as a transmit buffer)
A read of this register will return the address where the next message is to be written (FIFO head).
TXEN = 0: (FIFO configured as a receive buffer)

Note 1:

A read of this register will return the address where the next message is to be read (FIFO tail).

This bit will always read ‘0’, which forces byte-alignment of messages.

Note:

This register is not guaranteed to read correctly in Configuration mode, and should only be accessed when
the module is not in Configuration mode.

REGISTER 24-23: CiFIFOCIN: CAN MODULE MESSAGE INDEX REGISTER ‘n’ (n = 0 THROUGH 31)

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

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 R-0 R-0 R-0 R-0 R-0

: — — — CiFIFOCI<4:0>
Legend:

X = Bit is unknown

bit 31-5 Unimplemented: Read as ‘0’
CiFIFOCIn<4:0>: CAN Side FIFO Message Index bits

TXEN = 1: (FIFO configured as a transmit buffer)
A read of this register will return an index to the message that the FIFO will next attempt to transmit.

TXEN = 0: (FIFO configured as a receive buffer)
A read of this register will return an index to the message that the FIFO will use to save the next message.

bit 4-0
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25.0 ETHERNET CONTROLLER

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 35. “Ethernet
Controller” (DS60001155) in the “PIC32
Family Reference Manual”, which is avail-
able from the Microchip web site

Note:

(www.microchip.com/PIC32).

The Ethernet controller is a bus master module that
interfaces with an off-chip Physical Layer (PHY) to
implement a complete Ethernet node in a system.

Key features of the Ethernet Controller include:

¢ Supports 10/100 Mbps data transfer rates

« Supports full-duplex and half-duplex operation

¢ Supports RMIl and MIl PHY interface

¢ Supports MIIM PHY management interface

¢ Supports both manual and automatic Flow Control

* RAM descriptor-based DMA operation for both
receive and transmit path

¢ Fully configurable interrupts
« Configurable receive packet filtering
- CRC check
- 64-byte pattern match
- Broadcast, multicast and unicast packets

- Magic Packet™

64-bit hash table
Runt packet

« Supports packet payload checksum calculation
« Supports various hardware statistics counters

Figure 25-1 illustrates a block diagram of the Ethernet

controller.
FIGURE 25-1: ETHERNET CONTROLLER BLOCK DIAGRAM
r— - - — — — — — — — — - h
I I
I Q I
| TXDMA |RE | TXBM |
L1 N TX Bus 1 N :
Master V| TX Function
I I
TX Flow Control
I I
o | |
[%2]
3 | | MiRMI L]
3 IF _
o | | RX Flow
@ | <O | Control
RXDMA |ZE | RXBM
I I
External
| | MAC PHY
< ) FI{\Z(aEtL:eSr \I/]:,\l/ RX Filter <} l RX Function
I I
I I
| Checksum ! MM /L
| | IF —
I I
py | DMA | MAC Control
s ® Control | Confiar:ﬁation
oS Registers Ethernet DMA g
= | | Registers
=0
g L N N
’\ Host IF
Ethernet Controller
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REGISTER 26-1:

CMxCON: COMPARATOR ‘x’ 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-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 U-0 u-0 u-0 U-0 R-0
' oN®D COE cpoL® — — — — couT
20 R/W-1 R/W-1 U-0 R/W-0 u-0 U-0 R/W-1 R/W-1
’ EVPOL<1:0> — CREF — — CCH<1:0>
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

bit 14

bit 13

bit 12-9
bit 8

bit 7-6

bit 5

bit 4

bit 3-2
bit 1-0

Note 1:

ON: Comparator ON bit(1)
Clearing this bit does not affect the other bits in this register.

1 = Module is enabled. Setting this bit does not affect the other bits in this register
0 = Module is disabled and does not consume current.

COE: Comparator Output Enable bit

1 = Comparator output is driven on the output CxOUT pin
0 = Comparator output is not driven on the output CxOUT pin

CPOL: Comparator Output Inversion bit®

1 = Output is inverted
0 = Output is not inverted

Unimplemented: Read as ‘0’
COUT: Comparator Output bit

1 = Output of the Comparator is a ‘1’
0 = Output of the Comparator is a ‘0’

EVPOL<1:0>: Interrupt Event Polarity Select bits

11 = Comparator interrupt is generated on a low-to-high or high-to-low transition of the comparator output

10 = Comparator interrupt is generated on a high-to-low transition of the comparator output
01 = Comparator interrupt is generated on a low-to-high transition of the comparator output
00 = Comparator interrupt generation is disabled

Unimplemented: Read as ‘0’

CREF: Comparator Positive Input Configure bit

1 = Comparator non-inverting input is connected to the internal CVREF

0 = Comparator non-inverting input is connected to the CxIN+ pin

Unimplemented: Read as ‘0’

CCH<1:0>: Comparator Negative Input Select bits for Comparator

11 = Comparator inverting input is connected to the IVREF

10 = Comparator inverting input is connected to the C2IN+ pin for C1 and C1IN+ pin for C2
01 = Comparator inverting input is connected to the C1IN+ pin for C1 and C2IN+ pin for C2
00 = Comparator inverting input is connected to the C1IN- pin for C1 and C2IN- pin for C2

When using the 1:1 PBCLK divisor, the user’s software should not read/write the peripheral’s SFRs in the

SYSCLK cycle immediately following the instruction that clears the module’s ON bit.

Setting this bit will invert the signal to the comparator interrupt generator as well. This will result in an

interrupt being generated on the opposite edge from the one selected by EVPOL<1:0>.
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TABLE 32-4:

DC TEMPERATURE AND VOLTAGE SPECIFICATIONS

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. Symbol Characteristics Min. Typical | Max. | Units Conditions
Operating Voltage
DC10 |VDD Supply Voltage 2.3 — 3.6 \% —
DC12 |VDR RAM Data Retention Voltage® |  1.75 — — v —
DC16 |VPOR VDD Start Voltage to Ensure 1.75 — 2.1 \% —
Internal Power-on Reset Signal
DC17 |SvbD VDD Rise Rate to Ensure 0.00005 — 0.115 | Vl/ps —
Internal Power-on Reset Signal
Note 1. This is the limit to which VDD can be lowered without losing RAM data.
2. Overall functional device operation at VBORMIN < VDD < VDDMIN is tested, but not characterized. All device

Analog modules, such as ADC, etc., will function, but with degraded performance below VDDMIN. Refer to
parameter BO10 in Table 32-10 for BOR values.
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TABLE 32-38: ANALOG-TO-DIGITAL CONVERSION TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions (see Note 4): 2.5V to 3.6V
(unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-Temp

P?\Ir(a)lm. Symbol Characteristics Min. Typical(l) Max. Units Conditions
Clock Parameters
AD50 |TAD |Ana|og-to-DigitaI Clock Period® ‘ 65 | — ‘ — ‘ ns ‘See Table 32-37
Conversion Rate
AD55 |TCcONv  |Conversion Time — 12 TaD — — —
AD56 |FcNv Throughput Rate — — 1000 ksps |AVDD = 3.0V to 3.6V
(Sampling Speed) — — 400 ksps |AVDD = 2.5V to 3.6V
AD57 |Tsamp |Sample Time 1 TaD — — — | TsamP must be > 132 ns
Timing Parameters
AD60 |TPCS Conversion Start from Sample — 1.0 TaD — —  |Auto-Convert Trigger
Trigger® (SSRC<2:0> = 111)
not selected
AD61 |TPSS Sample Start from Setting 0.5 TaD — 1.5 TAD — —
Sample (SAMP) bit
AD62 |TCSS Conversion Completion to — 0.5 TaD — — —
Sample Start (ASAM = 1)©)
AD63 |TDPU Time to Stabilize Analog Stage — — us —
from Analog-to-Digital Off to
Analog-to-Digital On®
Note 1: These parameters are characterized, but not tested in manufacturing.
2: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures.
3: Characterized by design but not tested.
4: The ADC module is functional at VBORMIN < VDD < 2.5V, but with degraded performance. Unless otherwise

stated, module functionality is tested, but not characterized.
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FIGURE 32-28: EJTAG TIMING CHARACTERISTICS
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TABLE 32-43: EJTAG 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

P?\:im' Symbol Description(l) Min. | Max. | Units Conditions

EJ1 TTCKCYC TCK Cycle Time 25 — ns —

EJ2 TTCKHIGH TCK High Time 10 — ns —

EJ3 TTCKLOW TCK Low Time 10 — ns —

EJ4 TTSETUP TAP Signals Setup Time Before 5 — ns —
Rising TCK

EJ5 TTHOLD TAP Signals Hold Time After 3 — ns —
Rising TCK

EJ6 TTDOOUT TDO Output Delay Time from — 5 ns —
Falling TCK

EJ7 TTDOZSTATE |TDO 3-State Delay Time from — 5 ns —
Falling TCK

EJ8 TTRSTLOW  |TRST Low Time 25 — ns —

EJ9 TRF TAP Signals Rise/Fall Time, All — — ns —
Input and Output

Note 1: These parameters are characterized, but not tested in manufacturing.
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34.0 PACKAGING INFORMATION

34.1 Package Marking Information
64-Lead TQFP (10x10x1 mm) Example
D PICE D PICE
XXXXXXXXXX PIC32MX575F
XXXXXXXXXX 512H-801/PT
XXXXXXXXXX
YYWWNNN 0510017
O O
100-Lead TQFP (14x14x1 mm) Example
D PIC3* D PIC3*
XXXXXXXXXXXX PIC32MX575F
XXXXXXXXXXXX 512L-801/PF(e3)
YYWWNNN 0510017
O O
100-Lead TQFP (12x12x1 mm) Example
D PIC* R PIC*?
XXXXXXXXXXXX PIC32MX575F
XXXXXXXXXXXX 512L-80I/PT €3
YYWWNNN 0510017
O O
Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (
can be found on the outer packaging for this package.
Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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64-Lead Plastic Thin Quad Flatpack (PT)-10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

SECTION A-A E —

|
DETAIL 1
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Number of Leads N 64

Lead Pitch e 0.50 BSC

Overall Height A - - 1.20

Molded Package Thickness A2 0.95 1.00 1.05

Standoff A1 0.05 - 0.15

Foot Length L 0.45 0.60 0.75

Footprint L1 1.00 REF

Foot Angle ¢ 0° | 35 | 7°

Overall Width E 12.00 BSC

Overall Length D 12.00 BSC

Molded Package Width E1 10.00 BSC

Molded Package Length D1 10.00 BSC

Lead Thickness C 0.09 - 0.20

Lead Width b 0.17 0.22 0.27

Mold Draft Angle Top o 11° 12° 13°
Notes: Mold Draft Angle Bottom B 11° 12° 13°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.25mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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