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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® microAptiv™

32-Bit Single-Core

200MHz

CANbus, EBI/EMI, Ethernet, I2C, IrDA, LINbus, PMP, SPI, SQI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, HLVD, I2S, POR, PWM, WDT
120

2MB (2M x 8)

FLASH

640K x 8

1.7V ~ 3.6V

A/D 45x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

176-LQFP Exposed Pad

176-LQFP (20x20)
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PIC32MZ Graphics (DA) Family

TABLE 2-1: EXAMPLES OF DIGITAL/
ANALOG ISOLATORS WITH
OPTIONAL LEVEL

TRANSLATION
22| |8
= | = o
52|23
.. o o [oX =
Example Digital/Analog o |© 2| =
Signal Isolation Circuits e 2|0 g
= = =] =
[&] Q = (@]
218168
£S5 c
o <
ADuM7241/40ARZ(1Mbps) | X | — | — | —
ADuUM7241/40CRZ (25Mbps) | X | — | — | —
1ISO721 — | X | ==
LTV-829S (2 Channel) — | — | X | =
LTV-849S (4 Channel) — | — | X | —
FSA266 / NC7WB66 — | — =X
FIGURE 2-6: EXAMPLE DIGITAL/ANALOG SIGNAL ISOLATION CIRCUITS
Conn  Digital Isolator PIC32 VDD
ExternalVDD__ | ~ 1 [
Digital Isolator PIC32 VDD xiema
External VDD | - | + REMOTE_IN IN1
R ~ IN PIC32
REMOTE_IN f }—[ PIC32 REMOTE_OUT OUT1
L iVSS o+—— =
% VSS
PIC32 VDD PIC32 VDD
. Analog / Digital Isolator
Opto Digital
ISOLATOR = | Conn  ;iENNBL
Analog_OUT2 Analog_IN2
EdtemalVOD 7 0 & p T
xiema — External_VDD1
3 PIC32
P Analog_IN1<—— : :
REMOTE_IN %C N N S Y Analog Switch
Vss
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TABLE 3-3: COPROCESSOR 0 REGISTERS (CONTINUED)
Register Register .
Nu?nber Ngz]ime Function
12 Status Processor status and control.
IntCtl Interrupt control of vector spacing.
SRSCHl Shadow register set control.
SRSMap Shadow register mapping control.
View_IPL Allows the Priority Level to be read/written without
extracting or inserting that bit from/to the Status register.
SRSMAP2 Contains two 4-bit fields that provide the mapping from a vector number to the shadow
set number to use when servicing such an interrupt.
13 Cause Describes the cause of the last exception.
NestedExc Contains the error and exception level status bit values that existed prior to the current
exception.
View_RIPL Enables read access to the RIPL bit that is available in the Cause register.
14 EPC Program counter at last exception.
NestedEPC Contains the exception program counter that existed prior to the current exception.
15 PRID Processor identification and revision
Ebase Exception base address of exception vectors.
CDMMBase Common device memory map base.
16 Config Configuration register.
Config1 Configuration register 1.
Config2 Configuration register 2.
Config3 Configuration register 3.
Config4 Configuration register 4.
Configb Configuration register 5.
Config7 Configuration register 7.
17 LLAddr Load link address (microAptiv MPU only).
18 WatchLo Low-order watchpoint address (microAptiv MPU only).
19 WatchHi High-order watchpoint address (microAptiv MPU only).
20-22 |Reserved Reserved in the PIC32 core.
23 Debug EJTAG debug register.
TraceControl EJTAG trace control.
TraceControl2 | EJTAG trace control 2.
UserTraceData1 | EJTAG user trace data 1 register.
TraceBPC EJTAG trace breakpoint register.
Debug2 Debug control/exception status 1.
24 DEPC Program counter at last debug exception.
UserTraceData2 | EJTAG user trace data 2 register.
25 PerfCtl0 Performance counter 0 control.
PerfCnt0 Performance counter 0.
PerfCtl1 Performance counter 1 control.
PerfCnt1 Performance counter 1.
26 ErrCil Software test enable of way-select and data RAM arrays for I-Cache and D-Cache
(microAptiv MPU only).
27 Reserved Reserved in the PIC32 core.
28 TagLo/Datalo Low-order portion of cache tag interface (microAptiv MPU only).

© 2015-2018 Microchip Technology Inc.
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TABLE 4-25: SYSTEM BUS TARGET PROTECTION GROUP 15 REGISTER MAP
a Bits
L= . o
H* [} (=)} [}
4| B8 5 =3
s E}E f‘f 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 2317 2216 21/5 20/4 19/3 18/2 1711 16/0 < 2
2= o
<
31:16( MULTI — — — CODE<3:0> — — — — — — — — 0000
8C20( SBT15ELOG1
15:0 INITID<7:0> REGION<3:0> — CMD<2:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
8C24| SBT15ELOG2
15:0 — — — — — — — — — — — — — — GROUP<1:0> 0000
31:16 — — — — — — — ERRP — — — — — — — — 0000
8C28| SBT15ECON
15:0 — — — — — — — — — — — — — — — — 0000
31:16 — — — — — — — — — — — — — — — — 0000
8C30( SBT15ECLRS
15:0 — — — — — — — — — — — — — — — CLEAR |0000
31:16 — — — — — — — — — — — — — — — — 0000
8C38( SBT15ECLRM
15:0 _ _ _ _ _ — — — — — — — — — — CLEAR |0000
31:16 BASE<21:6> XXXX
8C40( SBT15REGO
15:0 BASE<5:0> PRI — SIZE<4:0> — — — XXXX
31:16 — — — — — — — — — — — — — — — — XXXX
8C50( SBT15RDO
15:0 — — — — — — — — — — — — GROUP3 | GROUP2 | GROUP1 | GROUPO | xxxX
31:16 — — — — — — — — — — — — — — — — XXXX
8C58| SBT15WRO
15:0 — — — — — — — — — — — — GROUP3 | GROUP2 | GROUP1 | GROUPO | xxxX
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0. Reset values are shown in hexadecimal.
Note: For reset values listed as ‘xxxx’, please refer to Table 4-8 for the actual reset values.
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REGISTER 5-6: NVMPWP: PROGRAM FLASH WRITE-PROTECT 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
RIW-1 U0 U0 U0 U0 U0 U0 U0
3124 TeweuLOCK — — — — — — —
RIW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RIW-0
23:16 PWP<23:16>
RW-0 RW-0 RO | RO | RO | R-0 | ro | RO
15:8 PWP<15:8>
_ R0 R-0 R-0 | ro | RrRo ] R0 | R-0 | R0
7:0 PWP<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

bit 30-24
bit 23-0

PWPULOCK: Program Flash Memory Page Write-protect Unlock bit

1 = Register is not locked and can be modified

0 = Register is locked and cannot be modified

This bit is only clearable and cannot be set except by any reset.

Unimplemented: Read as ‘0’

PWP<23:0>: Flash Program Write-protect (Page) Address bits

Physical memory below address 0x1Dxxxxxx is write protected, where ‘xxxxxx’ is specified by PWP<23:0>.
When PWP<23:0> has a value of ‘0, write protection is disabled for the entire program Flash. If the specified
address falls within the page, the entire page and all pages below the current page will be protected.

Note:

The bits in this register are only writable when the NVMKEY unlock sequence is followed.

© 2015-2018 Microchip Technology Inc.
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TABLE 8-1: SYSTEM AND PERIPHERAL CLOCK DISTRIBUTION
Peripheral Clock Source
v N ) Y] ™ < 0 © ~ 8 8 8 8 Q
olelglalalzl2 3|55 /35|51212/2/2/%|3
Tyl 2|18|S|o|l@|283|83|22|82|8|2|2|R|8|¢Q
) D E o o o o o o H:J % H:J % H:J

CPU X

wDT X X x®

DMT X x® X

GLCD x@ x©®

GPU X

DDR2C X® X

SDHC x® X

Flash x@ x@ x@

ADC X X x® X

Comparator x@

CTMU x@

Crypto X

RNG x®

USB X x®

USBCR(™ x®

CAN x@

Ethernet x®

PMP X®

1’c x@

UART x@

RTCC X | x x@

EBI X

sal x@ X

SPI X X

Timers X | x@ X

Output Compare X

Input Capture X

Ports x®

DMA X

Interrupts X

Prefetch X

OSC2 Pin x®)

DSCTRL® X X

HLVD x@

Note 1: PBCLK1 is used by system modules and cannot be turned off.

NG RN

SYSCLK/PBCLKS is used to fetch data from/to the Flash Controller, while the FRC clock is used for programming.
Special Function Register (SFR) access only.

Timer1 only.

PBCLK1 divided by 2 is available on the OSC2 pin in certain clock modes.
REFCLKOS5 (divided version of SPLL clock) is used for the Pixel Clock.
USBCR is the Clock/Reset Control block for the USB.

DSCTRL is the Deep Sleep Control Block.

© 2015-2018 Microchip Technology Inc.
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8.2

Oscillator Control Registers

TABLE 8-2: OSCILLATOR CONFIGURATION REGISTER MAP
2 Bits _
$H| 8. | © .
<8 2E 8 2
T8 §Z | su1s 30/14 29/13 28/12 27/11 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 17/1 16/0 &
g7 o =z
S <

3116 — — — — — FRCDIV<2:0> DRMEN — SLP2SPD| — — — — —  [o020
1200| OSCCON

150 — COSC<2:0> = NOSC<2:0> CLKLOCK = = SLPEN CF = SOSCEN | OSWEN [xx0x

31:16] — = = = = = = = = = = = = = = —  [ooo0
1210| OSCTUN

15:0 — — — — — — — — — — TUN<5:0> 00xx

31118 — — — — — PLLODIV<2:0> — PLLMULT<6:0> 01xx
1220| SPLLCON

150 — = = = = PLLIDIV<2:0> PLLICLK = = = = PLLRANGE<2:0> 0x0x

31:16] — RODIV<14:0> 0000
1280 | REFO1CON

150 ON — | soL [ o [ RstP | — [DIVSWEN] ACTIVE [ — — — — ROSEL<3:0> 0000

31:16 ROTRIM<8:0> — — — — — — —  [oooo
1290 | REFO1TRIM

150 — - | - 1T =T =17 =T =71 =171 = = = = = = = —  |oooo

31:16]  — RODIV<14:0> 0000
12A0 | REFO2CON

150 ON — | so. [ — [ rRstP | — [DIVSWEN] ACTIVE [ — — — — ROSEL<3:0> 0000

31:16 ROTRIM<8:0> — — — — — — —  [oooo
12B0 | REFO2TRIM

150 — - | - 1T =T =17 =T =71 =171 = = = = = = = —  |oooo

31:16]  — RODIV<14:0> 0000
12C0| REFO3CON

150 ON — | soL [ oe [ RstP | — [DIVSWEN] ACTIVE [ — — — — ROSEL<3:0> 0000

31:16 ROTRIM<8:0> — — — — — — —  [oooo
12D0| REFO3TRIM

150 — - | - 1T =T =17 =T =71 =171 = = = = = = = —  |oooo

31:16]  — RODIV<14:0> 0000
12E0 | REFO4CON

150 ON — | soL [ oe [ RstP | — [DIVSWEN] ACTIVE [ — — — — ROSEL<3:0> 0000

31:16 ROTRIM<8:0> — — — — — — —  [oooo
12F0 | REFO4TRIM

150 — - | - 1T =T =17 =T =71 =171 = = = = = = = —  |oooo

31:16]  — RODIV<14:0> 0000
1300 | REFO5CON

150 ON — | so. [ — [ rRstP | — [DIVSWEN] ACTIVE [ — — — — ROSEL<3:0> 0000

31:16 ROTRIM<8:0> — — — — — — —  [oooo
1310 | REFO5TRIM

150 — = = = = = = = = = = = = = = —  [ooo0

31:16]  — = = = = = = = = = = = = = = —  [ooo0
1340| PB1DIV

150 — — — — |pBDIVRDY] — — — — PBDIV<6:0> 8801

31118 — — — — — — — — — — — - | =1 =1 — —  [oooo
1350| PB2DIV

150 ON = = — |pBDIVRDY] — = = = PBDIV<6:0> 8801

36| — = = = = = = = = = = - [ =T =1 — —  |oooo
1360| PB3DIV

150 ON — — — |pBDIVRDY] — — — — PBDIV<6:0> 8801

31:18]  — — — — — — — — — — — - | =1 =1 — —  [oooo
1370| PB4DIV

150 ON — — — |pBDIVRDY] — — — — PBDIV<6:0> 8801
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note  1: Reset values are dependent on the DEVCFGx Configuration bits and the type of reset.
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TABLE 10-3:

DMA CHANNEL 0 THROUGH CHANNEL 7 REGISTER MAP (CONTINUED)

@ Bits
(G - 5} %)
= o =2 2
29 22 3 ¢
o

Tg &5 § 3 = 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 1711 16/0 5
= om <
£

31:16 — — — — — — — — — — — — — — — — 0000
14A0 |DCH5DPTR

15:0 CHDPTR<15:0> 0000
1480 | DoHscsiz 2116l = | - =1 -1 =-7T=-T71T=-1=-1= — — - | = — — [ — Joooo

15:0 CHCSIZ<15:0> XXXX

31:16 — — — — — — — — — — — — — — — — 0000
14c0|poHsCPTR | | | | | | | | | |

15:0 CHCPTR<15:0> 0000
14D0| DCHsDAT 2E161 = | -1 -1 -1-=-7T=-T71T=-1=-1= — — - | = — — [ — Joooo

15:0 CHPDAT<15:0> XXXX

31:16 CHPIGN<7:0> — — — — — — — | — lr00
14E0| DCH6CON

15:0 | CHBUSY — CHPIGNEN — CHPATLEN — — CHCHNS| CHEN | CHAED | CHCHN | CHAEN — CHEDET CHPRI<1:0> 0000

31:16 — — — — — — — — CHAIRQ<7:0> O00FF

DCH6ECON

14F0 15:0 CHSIRQ<7:0> CFORCE | CABORT | PATEN | SIRQEN | AIRQEN — — — FFOO0
1500| DCHBINT 31:16 — — — — — — — — CHSDIE | CHSHIE | CHDDIE | CHDHIE | CHBCIE | CHCCIE | CHTAIE | CHERIE (0000

15:.0 — — — — — — — — CHSDIF | CHSHIF | CHDDIF | CHDHIF | CHBCIF | CHCCIF | CHTAIF | CHERIF (0000

31:16 XXXX
1510 | DCHBSSA CHSSA<31:0>

15:0 XXXX

31:16 XXXX
1520 | DCH6DSA CHDSA<31:0>

15:0 XXXX

31:16 — — — — — — — — — — — — — — — — 0000
1530 | DCHeSSIZ | | | | | | | | | |

15:0 CHSSIZ<15:0> XXXX

31:16 — — — — — — — — — — — — — — — — 0000
1540 | DCH6DSIZ | | | | | | | | | |

15:0 CHDSIZ<15:0> XXXX

31:16 — — — — — — — — — — — — — — — — 0000
1650 DCHeSPTR | | | | | | | | | |

15:0 CHSPTR<15:0> 0000

31:16 — — — — — — — — — — — — — — — — 0000
1560 [DCH6DPTR | | | | | | | | | |

15:0 CHDPTR<15:0> 0000

31:16 — — — — — — — — — — — — — — — — 0000
1570| DeHecsiz | | | | | | | | | |

15:0 CHCSIZ<15:0> XXXX

31:16 — — — — — — — — — — — — — — — — 0000
1580 [DCH6CPTR | | | | | | | | | |

15:0 CHCPTR<15:0> 0000

e = [ = [ = [ = [ = [ = [ = - — [ =] =T =T=T<=T71="T ="
1590 | DCHBDAT

15:0 CHPDAT<15:0> XXXX

31:16 CHPIGN<7:0> — — — — — — — | — lr00
15A0| DCH7CON

15:0 [cHBUSY| — JcHPIGNEN] — JcHPATLEN] — [ — [CHCHNS| CHEN | CHAED | CHCHN | CHAEN | — |CHEDET| CHPRI<1:0>  [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 12.2 “CLR, SET, and INV Registers” for

more information.
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REGISTER 10-12: DCHxSSIZ: DMA CHANNEL x SOURCE 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
’ CHSSIZ<15:8>
70 RIW-0 RIW-0 RwW-0 | Rwo | Rwo | RWoO RIW-0 RIW-0
' CHSSIZ<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 CHSSIZ<15:0>: Channel Source Size bits
1111112111211111111 = 65,535 byte source size

0000000000000010 = 2 byte source size
0000000000000001 = 1 byte source size
0000000000000000 = 65,536 byte source size

REGISTER 10-13: DCHxDSIZ: DMA CHANNEL x DESTINATION 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
' CHDSIZ<15:8>
70 RIW-0 RIW-0 RIW-0 RWO | RWw0 | RWo RIW-0 RIW-0
’ CHDSIZ<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 CHDSIZ<15:0>: Channel Destination Size bits
11111121111111111 = 65,535 byte destination size

0000000000000010 = 2 byte destination size
0000000000000001 = 1 byte destination size
0000000000000000 = 65,536 byte destination size

DS60001361F-page 202 © 2015-2018 Microchip Technology Inc.
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REGISTER 11-17: USBEOFRST: USB END-OF-FRAME/SOFT RESET 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 R/W-0 R/W-0
31:24 — — — — — — NRSTX NRST
] R/W-0 R/W-1 R/W-1 R/W-1 R/W-0 R.W-0 R/W-1 R/W-0
23:16 LSEOF<7:0>
] R/W-0 | R/W-1 R/W-1 R/W-1 | R/W-0 R.W-1 R/W-1 R/W-1
15:8 FSEOF<7:0>
70 RW-1 | RMW-0 RW-0 RW-0 | RMW-0 R.W-0 RW-0 RW-0
HSEOF<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 31-26 Unimplemented: Read as ‘0’

NRSTX: Reset of XCLK Domain bit
1 = Reset the XCLK domain, which is clock recovered from the received data by the PHY
0 = Normal operation
NRST: Reset of CLK Domain bit
1 = Reset the CLK domain, which is clock recovered from the peripheral bus
0 = Normal operation

LSEOF<7:0>: Low-Speed EOF bits
These bits set the Low-Speed transaction in units of 1.067 ps (default setting is 121.6 us) prior to the EOF

bit 25

bit 24

bit 23-16

bit 15-8

bit 7-0

to stop new transactions from beginning.

FSEOF<7:0>: Full-Speed EOF bits
These bits set the Full-Speed transaction in units of 533.3 ps (default setting is 63.46 us) prior to the EOF

to stop new transactions from beginning.

HSEOF<7:0>: Hi-Speed EOF bits
These bits set the Hi-Speed transaction in units of 133.3 s (default setting is 17.07us) prior to the EOF to
stop new transactions from beginning.

© 2015-2018 Microchip Technology Inc.
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12.1 Parallel I/O (PIO) Ports

All port pins have ten registers directly associated with
their operation as digital I/O. The data direction register
(TRISx) determines whether the pin is an input or an
output. If the data direction bitis a ‘1’, then the pin is an
input. All port pins are defined as inputs after a Reset.
Reads from the latch (LATX) read the latch. Writes to
the latch write the latch. Reads from the port (PORTX)
read the port pins, while writes to the port pins write the
latch.

12.11 OPEN-DRAIN CONFIGURATION

In addition to the PORTX, LATx, and TRISx registers for
data control, some port pins can also be individually
configured for either digital or open-drain output. This is
controlled by the Open-Drain Control register, ODCX,
associated with each port. Setting any of the bits con-
figures the corresponding pin to act as an open-drain
output.

The open-drain feature allows the generation of out-
puts higher than VDDIO (e.g., 5V) on any desired 5V-tol-
erant pins by using external pull-up resistors. The
maximum open-drain voltage allowed is the same as
the maximum VIH specification.

Refer to the pin name tables (Table 5 and Table 7) for
the available pins and their functionality.

12.1.2 CONFIGURING ANALOG AND
DIGITAL PORT PINS

The ANSELXx register controls the operation of the
analog port pins. The port pins that are to function as
analog inputs must have their corresponding ANSEL
and TRIS bits set. In order to use port pins for 1/0
functionality with digital modules, such as Timers,
UARTS, etc., the corresponding ANSELXx bit must be
cleared.

The ANSELX register has a default value of OxFFFF;
therefore, all pins that share analog functions are
analog (not digital) by default.

If the TRIS bit is cleared (output) while the ANSELX bit
is set, the digital output level (VOH or VOL) is converted
by an analog peripheral, such as the ADC module or
Comparator module.

When the PORT register is read, all pins configured as
analog input channels are read as cleared (a low level).

Pins configured as digital inputs do not convert an
analog input. Analog levels on any pin defined as a
digital input (including the ANx pins) can cause the
input buffer to consume current that exceeds the
device specifications.

12.1.3 I/0 PORT WRITE/READ TIMING

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically this instruction
would be an NOP.

1214 INPUT CHANGE NOTIFICATION

The input change notification function of the I/O ports
allows the PIC32MZ DA devices to generate interrupt
requests to the processor in response to a change-of-
state on selected input pins. This feature can detect
input change-of-states even in Sleep mode, when the
clocks are disabled. Every I/O port pin can be selected
(enabled) for generating an interrupt request on a
change-of-state.

Five control registers are associated with the CN
functionality of each /0 port. The CNENx/CNNEx
registers contain the CN interrupt enable control bits
for each of the input pins. Setting any of these bits
enables a CN interrupt for the corresponding pins.
CNENx enables a mismatch CN interrupt condition
when the EDGEDETECT bit (CNCONx<11>) is not
set. When the EDGEDETECT bit is set, CNNEx
controls the negative edge while CNENx controls the
positive.

The CNSTATx/CNFx registers indicate the status of
change notice based on the setting of the
EDGEDETECT bit. If the EDGEDETECT bit is set to
‘0’, the CNSTATX register indicates whether a change
occurred on the corresponding pin since the last read
of the PORTXx bit. If the EDGEDETECT bit is set to ‘1,
the CNFx register indicates whether a change has
occurred and through the CNNEx/CNENXx registers
the edge type of the change that occurred is also
indicated.

Each I/0O pin also has a weak pull-up and a weak
pull-down connected to it. The pull-ups act as a
current source or sink source connected to the pin,
and eliminate the need for external resistors when
push-button or keypad devices are connected. The
pull-ups and pull-downs are enabled separately using
the CNPUx and the CNPDx registers, which contain
the control bits for each of the pins. Setting any of
the control bits enables the weak pull-ups and/or
pull-downs for the corresponding pins.

Note:  Pull-ups and pull-downs on change
notification pins should always be
disabled when the port pin is configured as
a digital output.

An additional control register (CNCONXx) is shown in
Register 12-3.

12.2 CLR, SET, and INV Registers

Every I/O module register has a corresponding CLR
(clear), SET (set) and INV (invert) register designed to
provide fast atomic bit manipulations. As the name of
the register implies, a value written to a SET, CLR or
INV register effectively performs the implied operation,
but only on the corresponding base register and only
bits specified as ‘1’ are modified. Bits specified as ‘0’
are not modified.

Reading SET, CLR and INV registers returns undefined
values. To see the affects of a write operation to a SET,
CLR or INV register, the base register must be read.
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REGISTER 23-2:  12CXSTAT: I2C STATUS REGISTER (CONTINUED)
bit 5 D_A: Data/Address bit (when operating as 1°C slave)
1 = Indicates that the last byte received was data
0 = Indicates that the last byte received was device address
Hardware clear at device address match. Hardware set by reception of slave byte.
bit 4 P: Stop bit
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
Hardware set or clear when Start, Repeated Start or Stop detected.
bit 3 S: Start bit

1 = Indicates that a Start (or Repeated Start) bit has been detected last
0 = Start bit was not detected last
Hardware set or clear when Start, Repeated Start or Stop detected.

bit 2 R_W: Read/Write Information bit (when operating as 12c slave)
1 = Read - indicates data transfer is output from slave
0 = Write — indicates data transfer is input to slave
Hardware set or clear after reception of I2C device address byte.
bit 1 RBF: Receive Buffer Full Status bit
1 = Receive complete, I2CxRCV is full
0 = Receive not complete, I2CxRCV is empty
Hardware set when I2CxRCYV is written with received byte. Hardware clear when software
reads I2CxRCV.
bit 0 TBF: Transmit Buffer Full Status bit
1 = Transmit in progress, I2CxTRN is full

0 = Transmit complete, I2CxTRN is empty
Hardware set when software writes I2CxTRN. Hardware clear at completion of data transmission.
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REGISTER 24-1:

UxMODE: UARTx MODE 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 — — — — — — — —
R/W-0 R-0, HS, HC u-0 u-0 u-0 R/W-0 R/W-0 R/W-0
23:16 SLPEN ACTIVE — — — CLKSEL<1:0> RUNOVF
R/W-0 u-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0
15:8 ON — SIDL IREN RTSMD — UEN<1:0>(1)
) R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
70 WAKE LPBACK ABAUD RXINV BRGH PDSEL<1:0> STSEL
Legend: HS = Hardware set HC = Hardware cleared

R = Readable bit
-n = Value at POR

W = Writable bit
qr =

U = Unimplemented bit, read as ‘0’

Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-24
bit 23

bit 22

bit 21-19
bit 18-17

bit 16

bit 15

bit 14
bit 13

Note 1:

Unimplemented: Read as ‘0’

SLPEN: Run During Sleep Enable bit
1 = UARTxX BRG clock runs during Sleep mode
0 = UARTx BRG clock is turned off during Sleep mode
Note:  SLPEN =1 only applies if CLKSEL = FRC. All clocks, as well as the UART, are disabled in Deep
Sleep mode.
ACTIVE: UARTx Module Running Status bit
1 = UARTx module is active (UXMODE register should not be updated)
0 = UARTx module is not active (UxXMODE register can be updated)
Unimplemented: Read as ‘0’
CLKSEL<1:0>: UARTx Module Clock Selection bits
11 = BRG clock is PBCLK2
10 = BRG clock is FRC
01 = BRG clock is SYSCLK (turned off in Sleep mode)
00 = BRG clock is PBCLK2 (turned off in Sleep mode)
RUNOVF: Run During Overflow Condition Mode bit
1 = When an Overflow Error (OERR) condition is detected, the shift register continues to run to remain
synchronized
0 = When an Overflow Error (OERR) condition is detected, the shift register stops accepting new data
(Legacy mode)
ON: UARTx Enable bit

1 = UARTx module is enabled. UARTX pins are controlled by UARTXx as defined by UEN<1:0>and UTXEN
control bits

0 = UARTx module is disabled. All UARTX pins are controlled by corresponding bits in the PORTX, TRISX,
and LATXx registers; UARTx power consumption is minimal

Unimplemented: Read as ‘0’

SIDL: Stop in Idle Mode bit

1 = Discontinue operation when device enters Idle mode
0 = Continue operation in Idle mode

These bits are present for legacy compatibility, and are superseded by PPS functionality on these devices
(see Section 12.4 “Peripheral Pin Select (PPS)” for more information).
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REGISTER 29-6:

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SIGN19: AN19 Signed Data Mode bit

1 = AN19 is using Signed Data mode

0 = AN19 is using Unsigned Data mode
DIFF18: AN18 Mode bit

1 = AN18 is using Differential mode

0 = AN18 is using Single-ended mode
SIGN18: AN18 Signed Data Mode bit

1 = AN18 is using Signed Data mode

0 = AN18 is using Unsigned Data mode
DIFF17: AN17 Mode bit

1 = AN17 is using Differential mode

0 = AN17 is using Single-ended mode
SIGN17: AN17 Signed Data Mode bit

1 = AN17 is using Signed Data mode

0 = AN17 is using Unsigned Data mode
DIFF16: AN16 Mode bit

1 = AN16 is using Differential mode

0 = AN16 is using Single-ended mode
SIGN16: AN16 Signed Data Mode bit

1 = AN16 is using Signed Data mode

0 = AN16 is using Unsigned Data mode

ADCIMCON2: ADC INPUT MODE CONTROL REGISTER 2 (CONTINUED)
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REGISTER 30-2:

CiCFG: CAN BAUD RATE CONFIGURATION 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 — ‘ — | — ‘ — — — — —
] uU-0 R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
2316 — | WAKFIL | — | — — SEG2PH<2:0>(14)
] R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
198 "SEG2PHTS® | SAM® | SEG1PH<2:0> \ PRSEG<2:0>
) R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
70 SJW<1:0>) | BRP<5:0>
Legend: HC = Hardware Clear S = Settable bit
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit  -n = Bit Value at POR: (‘0’, ‘1, x = Unknown)

bit 31-23
bit 22

bit 21-19
bit 18-16

bit 15

bit 14

bit 13-11

Note 1:

Unimplemented: Read as ‘0’
WAKFIL: CAN Bus Line Filter Enable bit

1 = Use CAN bus line filter for wake-up
0 = CAN bus line filter is not used for wake-up

Unimplemented: Read as ‘0’
SEG2PH<2:0>: Phase Buffer Segment 2 bits(>*)
111 = Lengthis 8 x TQ

000 = Lengthis 1 x TQ
SEG2PHTS: Phase Segment 2 Time Select bit(1)

1 = Freely programmable
0 = Maximum of SEG1PH or Information Processing Time, whichever is greater

SAM: Sample of the CAN Bus Line bit®

1 = Bus line is sampled three times at the sample point
0 = Bus line is sampled once at the sample point

SEG1PH<2:0>: Phase Buffer Segment 1 bits*)
111 =Lengthis 8 x TQ

000 = Lengthis 1 x TQ

SEG2PH < SEG1PH. If SEG2PHTS is clear, SEG2PH will be set automatically.
3 Time bit sampling is not allowed for BRP < 2.

SJW < SEG2PH.

The Time Quanta per bit must be greater than 7 (that is, TQBIT > 7).

Note:

This register can only be modified when the CAN module is in Configuration mode (OPMOD<2:0>
(CiCON<23:21>) =100) .
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REGISTER 30-7: CiRXOVF: CAN RECEIVE FIFO OVERFLOW STATUS 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-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
3124 "RXOVF31 | RXOVF30 | RXOVF29 | RXOVF28 | RXOVF27 | RXOVF26 | RXOVF25 | RXOVF24
) R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
2316 T RXOVF23 | RXOVF22 | RXOVF21 | RXOVF20 | RXOVF19 | RXOVF18 | RXOVF17 | RXOVF16
] R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
198 "RXOVF15 | RXOVF14 | RXOVF13 | RXOVF12 | RXOVFT1 | RXOVF10 | RXOVF9 | RXOVF8
) R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
70 RXOVF7 | RXOVF6 | RXOVF5 | RXOVF4 | RXOVF3 | RXOVF2 | RXOVF1 | RXOVFO

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 31-0 RXOVF<31:0>: FIFOn Receive Overflow Interrupt Pending bit

1 = FIFO has overflowed
0 = FIFO has not overflowed

REGISTER 30-8: CiTMR: CAN TIMER 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/W-0 R/W-0
31:24 CANTS<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
23:16 CANTS<7:0>
) R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15:8 CANTSPRE<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
70 CANTSPRE<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 31-0  CANTS<15:0>: CAN Time Stamp Timer bits
This is a free-running timer that increments every CANTSPRE system clocks when the CANCAP bit
(CiCON<20>) is set.

bit 15-0  CANTSPRE<15:0>: CAN Time Stamp Timer Prescaler bits
1111 1111 1111 1111 = CAN time stamp timer (CANTS) increments every 65,535 system clocks

0000 0000 0000 0000 = CAN time stamp timer (CANTS) increments every system clock

Note 1: CiTMR will be frozen when CANCAP = 0.
2. The CiTMR prescaler count will be reset on any write to CiTMR (CANTSPRE will be unaffected).
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TABLE 31-3: ETHERNET CONTROLLER REGISTER SUMMARY (CONTINUED)
a Bits
(S - ) %)
R o =) 2
T oo ] 2
Il BE | &
S5 e 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 -
2% () <
£
31:16 — — — — — — — — — — — — — — — —
om0 | EMACH 0000
MWTD | 15:0 MWTD<15:0> 0000
31:16 = = = = = = = = = = = = = = = = 0000
22C0 EMAC1
MRDD | 15:0 MRDD<15:0> 0000
EMAC1 |31:16 — — — — — — — — — — — — — — — — 0000
22D0
MIND | 150 = = = = = = = = = = = = LINKFAIL | NOTVALID | SCAN | MIIMBUSY [0000
EMAC1 |31:16 — — — — — — — — — — — — — — — — XXXX
2300 @
SAO 15:0 STNADDR6<7:0> STNADDR5<7:0> XXXX
EMAC1 |31:16 — — — — | — — — — — — — — | — — — — XXXX
2310 SA1®
15:0 STNADDR4<7:0> STNADDR3<7:0> XXXX
EMAC1 |31:16 — — — — | — — — — — — — — | — — — — XXXX
2320 SA2@)
15:0 STNADDR2<7:0> STNADDR1<7:0> XXXX
Legend: X = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note  1: All registers in this table (with the exception of ETHSTAT) have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.2 “CLR, SET, and

INV Registers” for more information.

2: Reset values default to the factory programmed value.
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NOTES:
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TABLE 38-1:

DDR SDRAM CONTROLLER REGISTER SUMMARY (CONTINUED)

g Bits
sH| &e 5 2
B g5 | & ¢
E E’z - 31/15 30/14 29/13 28/12 27/11 26/10 25/9 2418 2317 22/6 21/5 20/4 19/3 18/2 17/1 16/0 x
2= o <
g
DDR 31:16 MDALCMD<7:0> (\:’XAE[')"Z CASCMD2 |RASCMD2 CSCMD2<7:3> 0000
80A8
CMD110 . ] CLKEN WEN ] CLKEN
15:0 CSCMD2<2:0> ‘ CMD2 ‘ CMD ‘CASCMD1 ‘RASCMD1 ‘ CSCMD1<7:0> Cmp1 0000
DDR 31:16 MDALCMD<7:0> ‘ (\:/X/IEE')\IZ ‘ CASCMD2 ‘ RASCMDZ‘ CSCMD2<7:3> 0000
80AC
CMD111 . ) CLKEN WEN . CLKEN
15:0 CSCMD2<2:0> ‘ EMD2 ‘ CMD ‘CASCMD1 ‘RASCMD1 ‘ CSCMD1<7:0> Cmp1 0000
bR 31:16 MDALCMD<7:0> ‘ g ‘ CASCMD2 ‘ RASCMDZ‘ CSCMD2<7:3> 0000
80B0
CMD112 - . CLKEN WEN . CLKEN
15:0 CSCMD2<2:0> ‘ EMD2 ‘ CMDA ‘CASCMD1 ‘RASCMD1 ‘ CSCMD1<7:0> CMD1 |0000
DDR 31:16 MDALCMD<7:0> ‘ (\:’XAE[')"Z ‘ CASCMD2 ‘ RASCMDZ‘ CSCMD2<7:3> 0000
80B4
CMD113 ] ) CLKEN WEN ] CLKEN
15:0 CSCMD2<2:0> ‘ CMD2 ‘ CMD ‘CASCMD1 ‘RASCMD1 ‘ CSCMD1<7:0> Cmp1 0000
DDR 31:16 MDALCMD<7:0> ‘ é",{,ﬁg‘z ‘ CASCMD2 ‘ RASCMDZ‘ CSCMD<27:3> 0000
80B8
CMD114 . . CLKEN WEN . CLKEN
15:0 CSCMD2<2:0> ‘ EMD2 ‘ CMD ‘CASCMD1 ‘RASCMD1 ‘ CSCMD1<7:0> Cmp1 0000
bR 31:16 MDALCMD<7:0> ‘ oy ‘ CASCMD2 ‘ RASCMDZ‘ CSCMD2<7:3> 0000
80BC
CMD115 . ) CLKEN WEN . CLKEN
15:0 CSCMD2<2:0> MD2 cMD1 | CASCMD1/RASCMD1 CSCMD1<7:0> CMD1 |0000
s0co |PPR 31:16 - [ =1 = — — — — — - [ = — — WAIT<8:5> 0000
CMD20 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
s0c4 |POR 31:16 — | = — - | = — - | = - | = — — WAIT<8:5> 0000
CMD21 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
s0cs |PPR 31:16 - | = 1T =1 =1 = — - | = - | = — — WAIT<8:5> 0000
CMD22 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
s0cc|PPR 31:16 - | = 1T =T =71 = — - | = - | = — — WAIT<8:5> 0000
CMD23 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
DDR st — [ — [ — [ — ] -— — - [ = - [ = — — WAIT<8:5> 0000
80D0
CMD24 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
80D |PPR st — [ — [ — | — ] -— — - [ = - [ = — — WAIT<8:5> 0000
CMD25 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
s0ps |PPR 31:16 = | = = = | = = = | = = | = = = WAIT<8:5> 0000
CMD26 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
sopc|PPR 31:16 - | = 1T =1 =1 = — - | = - | = — — WAIT<8:5> 0000
CMD27 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
80E0 |PPR 31:16 - | = 1T =1 =1 = — - | = - | = — — WAIT<8:5> 0000
CMD28 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
DDR 31:16 - | = 1T =T =71 = — - | = - | = — — WAIT<8:5> 0000
80E4
CMD29 15:0 WAIT<4:0> BNKADDRCMD<2:0> MDADDRHCMD<7:0> 0000
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REGISTER 39-13: SDHCCAP: SDHC CAPABILITIES REGISTER (CONTINUED)
bit 5-0 TOCLKFREQ<5:0>: Time-out Clock Frequency bits
The TOCLKU bit defines the unit, either kHz or MHz, of these bit values.

111111 =63 kHz or 63 MHz
111110 =62 kHz or 62 MHz
111101 =61 kHz or 61 MHz

000010 =2 kHz or 2 MHz
000001 =1 kHz or 1 MHz
000000 = Reserved
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40.4.1 CONTROLLING CONFIGURATION
CHANGES

Because peripherals can be disabled during run time,
some restrictions on disabling peripherals are needed
to prevent accidental configuration changes. PIC32MZ
DA devices include two features to prevent alterations
to enabled or disabled peripherals:

» Control Register Lock Sequence
» Configuration Bit Select Lock

40.4.1.1 Control Register Lock

Under normal operation, writes to the PMDx registers
are not allowed. Attempted writes appear to execute
normally, but the contents of the registers remain
unchanged. To change these registers, they must be
unlocked in hardware. The register lock is controlled by
the PMDLOCK Configuration bit (CFGCON<12>).
Setting the PMDLOCK bit prevents writes to the control
registers and clearing the PMDLOCK bit allows writes.

To set or clear the PMDLOCK bit, an unlock sequence
must be executed. Refer to Section 42. “Oscillators
with Enhanced PLL” (DS60001250) in the “PIC32
Family Reference Manual” for details.

40.4.1.2  Configuration Bit Select Lock

As an additional level of safety, the device can be con-
figured to prevent more than one write session to the
PMDx registers. The PMDL1WAY Configuration bit
(DEVCFG3<28>) blocks the PMDLOCK bit from being
cleared after it has been set once. If the PMDLOCK bit
remains set, the register unlock procedure does not
execute, and the PPS control registers cannot be writ-
ten to. The only way to clear the bit and re-enable PMD
functionality is to perform a device Reset.
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