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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

40MHz

CANbus, I2C, IrDA, LINbus, PMP, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
49

512KB (512K x 8)

FLASH

64K x 8

2.3V ~ 3.6V

A/D 28x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

TABLE 1-1: PINOUT 1/0O DESCRIPTIONS
Pin Number
Pin Name GSFF:\'I;‘ 100-pin Tsllp?e B_I_l;/fggr Description
TQFP
TQFP
ANO 16 25 I Analog
AN1 15 24 I Analog
AN2 14 23 I Analog
AN3 13 22 I Analog
AN4 12 21 I Analog
AN5 11 20 I Analog
ANG6 17 26 I Analog
AN7 18 27 I Analog
AN8 21 32 I Analog
AN9 22 33 I Analog
AN10 23 34 | Analog
AN11 24 35 | Analog
AN12 27 41 | Analog
AN13 28 42 | Analog
AN14 29 43 | Analog
AN15 30 44 | Analog
AN16 4 10 I Analog
AN17 5 1 I Analog .
Analog input channels.

AN18 6 12 I Analog
AN19 8 14 I Analog
AN20 62 98 | Analog
AN21 64 100 | Analog
AN22 1 3 I Analog
AN23 2 4 I Analog
AN24 49 76 | Analog
AN25 50 77 | Analog
AN26 51 78 | Analog
AN27 3 5 I Analog
AN28 — 1 I Analog
AN29 — 6 I Analog
AN30 — 7 I Analog
AN31 — 8 I Analog
AN32 — 18 I Analog
AN33 — 19 I Analog
AN34 — 39 I Analog
AN35 — 40 I Analog
Legend: CMOS = CMOS compatible input or output Analog = Analog input | = Input O = Output

Note 1:

ST = Schmitt Trigger input with CMOS levels ~ TTL = TTL input buffer P = Power
This pin is only available on devices without a USB module.

This pin is only available on devices with a USB module.

This pin is not available on 64-pin devices with a USB module.

This pin is only available on 100-pin devices without a USB module.

© 2014-2016 Microchip Technology Inc.
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

TABLE 1-1: PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name GSFF;\II? 100-pin T?/Ip?e il;ggr Description
TQFP
TQFP
RC1 — 6 I/0 ST
RC2 — 7 I/0 ST
RC3 — 8 I/0 ST
RC4 — 9 I/0 ST ) L
PORTC is a bidirectional I/0O port
RC12 39 63 I/0 ST
RC13 47 73 I/0 ST
RC14 48 74 I/0 ST
RC15 40 64 I/0 ST
RDO 46 72 I/0 ST
RD1 49 76 I/0 ST
RD2 50 77 I/0 ST
RD3 51 78 I/0 ST
RD4 52 81 I/0 ST
RD5 53 82 I/0 ST
RD6 54 83 I/0 ST
RD7 55 84 I/0 ST ) L
PORTD is a bidirectional I/0 port
RD8 42 68 I/0 ST
RD9 43 69 I/0 ST
RD10 44 70 I/0 ST
RD11 45 7 I/0 ST
RD12 — 79 I/0 ST
RD13 — 80 I/0 ST
RD14 — 47 I/0 ST
RD15 — 48 I/0 ST
REO 60 93 I/0 ST
RE1 61 94 I/0 ST
RE2 62 98 I/0 ST
RE3 63 99 I/0 ST
RE4 64 100 I/0 ST ) e
PORTE is a bidirectional I/O port
RES 1 3 I/0 ST
RE6 2 4 I/0 ST
RE7 3 5 I/0 ST
RE8 — 18 I/0 ST
RE9 — 19 I/0 ST
Legend: CMOS = CMOS compatible input or output Analog = Analog input | = Input O = Output

Note 1:

ST = Schmitt Trigger input with CMOS levels ~ TTL = TTL input buffer P = Power
This pin is only available on devices without a USB module.

This pin is only available on devices with a USB module.

This pin is not available on 64-pin devices with a USB module.

This pin is only available on 100-pin devices without a USB module.

© 2014-2016 Microchip Technology Inc. Preliminary
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

2.5 ICSP Pins

The PGECx and PGEDx pins are used for In-Circuit
Serial Programming™ (ICSP™) and debugging pur-
poses. 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 PGEDx 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 voltage 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 MPLAB ICD 3 and MPLAB
REAL ICE connection requirements, refer to the follow-
ing 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 Debugger
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 or debugger
communications 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 voltage low (VIL) requirements

2.7 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,
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

UL

Guard Trace

Guard Ring

Main Oscillator

© 2014-2016 Microchip Technology Inc.
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

FIGURE 4-4: MEMORY MAP FOR DEVICES WITH 512 KB OF PROGRAM MEMORY + 64 KB RAM
Mem\glt;ul?/llap(l) Merﬁg)rlill(\:llillp(l)
OXFFFFFFFF OXFFFFFFFF
Reserved
0xBFC00C00
0XBFCOOBFF Device N
Configuration
0xBFCOO0BFO Registers
0xBFCOOBEF
Boot Flash
0xBFC00000
Reserved
0xBF900000
OxBF8FFFFF
SFRs 8 Reserved
0xBF800000 UQJ >
Reserved
0xBD080000
0xBDO7FFFF
Program Flash®
0xBD000000
Reserved
0xA0010000
0xAQOOFFFF
RAM®)
0xA0000000 / 0x1FC00C00
Reserved /- Device 0x1FCOO0BFF
0x9FC00C00 Configuration
0x9FCOOBFF Device N Registers 0x1FCO0BFO
Configuration 0x1FCOOBEF
0x9FCOOBFO Registers Boot Flash
0x9FCOOBEF 0x1FC00000
Boot Flash
Reserved
0x9FC00000 0x1F900000
Ox1F8FFFFF
Reserved o SFRs
0x9D080000 % > —> 0x1F800000
0x9DO7FFFF X
Program Flash® Reserved
0x9D000000 0x1D080000
0x1DO7FFFF
Reserved
0x80010000 Program Flash®
0x8000FFFF 0x1D000000
RAM®)
0x80000000 _/ Reserved | 1400010000
0x0000FFFF
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) in the “PIC32 Family Reference Manual”) and can be changed by initializa-
tion code provided by end-user development tools (refer to the specific development tool
documentation for information).

© 2014-2016 Microchip Technology Inc.
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

REGISTER 8-4: REFOTRIM: REFERENCE OSCILLATOR TRIM 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 ROTRIM<8:1>
R/W-0 u-0 U-0 u-0 u-0 u-0 u-0 u-0
2316 RoTRIM<0>|  — — — — — — —
15:8 u-0 u-0 U-0 u-0 u-0 u-0 u-0 u-0
7:0 u-0 u-0 U-0 U-0 u-0 u-0 u-0 u-0
Legend: y = Value set from Configuration bits on POR
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 31-23 ROTRIM<8:0>: Reference Oscillator Trim bits

111111111 = 511/512 divisor added to RODIV value
111111110 =510/512 divisor added to RODIV value

100000000 = 256/512 divisor added to RODIV value

000000010 = 2/512 divisor added to RODIV value
000000001 = 1/512 divisor added to RODIV value
000000000 = 0/512 divisor added to RODIV value

bit 22-0 Unimplemented: Read as ‘0’

Note:

While the ON bit (REFOCON<15>) is ‘1’, writes to this register do not take effect until the DIVSWEN bit is

also setto ‘1.

© 2014-2016 Microchip Technology Inc.
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

REGISTER 10-10: U1STAT: USB 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
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 — — — — — — — —
7:0 R-x R-x R-x R-x R-x R-x U-0 uU-0
' ENDPT<3:0> DIR PPBI — —
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 31-8 Unimplemented: Read as ‘0’
bit 7-4 ENDPT<3:0>: Encoded Number of Last Endpoint Activity bits
(Represents the number of the BDT, updated by the last USB transfer.)
1111 = Endpoint 15
1110 = Endpoint 14
0001 = Endpoint 1
0000 = Endpoint 0
bit 3 DIR: Last BD Direction Indicator bit
1 = Last transaction was a transmit transfer (TX)
0 = Last transaction was a receive transfer (RX)
bit 2 PPBI: Ping-Pong BD Pointer Indicator bit
1 = The last transaction was to the ODD BD bank
0 = The last transaction was to the EVEN BD bank
bit 1-0 Unimplemented: Read as ‘0’
Note:  The U1STAT register is a window into a 4-byte FIFO maintained by the USB module. U1STAT value is only

valid when the TRNIF bit (U1IR<3>) is active. Clearing the TRNIF bit advances the FIFO. Data in register
is invalid when the TRNIF bit = 0.

DS60001290D-page 120 Preliminary © 2014-2016 Microchip Technology Inc.



PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

TABLE 11-2: OUTPUT PIN SELECTION (CONTINUED)

RPN Port Pin RPNR SFR RPNR bits RPNR Value to Peripheral
Selection
RPD9 RPDIR RPD9R<3:0> 0000 = No Connect
RPG6 RPG6R RPG6R<3:0> 0001 = U3RTS
RPB8 RPBS8R RPB8R<3:0> 0010 = U4TX
RPB15 RPB15R RPB15R<3:0> 0011 =REFCLKO
. 0100 = U5TX®
RPD4 RPD4R RPD4R<3:0> 0101 = Reserved
RPBO RPBOR RPBOR<3:0> 0110 = Reserved
RPE3 RPE3R RPE3R<3:0> 0111 = SS1
RPB7 RPB7R RPB7R<3:0> 1000 = SDO1
RPB2 RPB2R RPB2R<3:0> 1001 = Reserved
RPF120) RPF12R RPF12R<3:0> 1010 = Reserved
3 : 1011 = OC5
RPD12 RPD12R RPD12R<3:0> 1100 = Reserved
RPF8() RPF8R RPF8R<3:0> 1101 = C10UT
RPC3®) RPC3R RPC3R<3:0> 1110 = SS3
RPE9®) RPE9R RPE9R<3:0> 1111 = SS4®)
RPD1 RPD1R RPD1R<3:0> 0000 = No Connect
RPG9 RPGYR RPGYR<3:0> 0001 = U2RTS
RPB14 RPB14R RPB14R<3:0> 0010 = Reserved
: 0011 = UTRTS
RPDO RPDOR RPDOR<3:0> 0100 = U5TX®)
RPDS8 RPD8R RPD8R<3:0> 0101 = Reserved
RPB6 RPB6R RPB6R<3:0> 0110 = 882
- 0111 = Reserved
RPD5 RPD5R RPD5R<3:0> 1000 = SDOA
RPF3(® RPF3R RPF3R<3:0> 1001 = Reserved
RPF6( RPF6R RPF6R<3:0> 1010 = Reserved
RPF130) RPF13R RPF13R<3:0> 1011 = OC2
5 : 1100 = OC1
RPC2 RPC2R RPC2R<3:0> 1101 = Reserved
RPE8®) RPE8R RPE8R<3:0> 1110 = Reserved
RPF2(1) RPF2R RPF2R<3:0> 1111 = Reserved

Note 1: This selection is not available on 64-pin USB devices.

This selection is only available on 100-pin General Purpose devices.

This selection is not available on 64-pin devices.

This selection is not available when USBID functionality is used on USB devices.
This selection is not available on devices without a CAN module.

This selection is not available on USB devices.

This selection is not available when VBUSON functionality is used on USB devices.

No g~
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TABLE 11-13: PORTF REGISTER MAP FOR PIC32MX120F064H, PIC32MX130F128H, PIC32MX150F256H, AND
PIC32MX170F512H DEVICES ONLY

2 Bits
O~ ©
-E#I EE o %)
S D0 % =6
ID| of o <3
Tm| &3 = | 3115 30/14 29113 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0 ¢
= 1]
£
6510l TRISF U8 — — — — — — — — — — — — — — — —  [oo00
15:0 — — — — — — — — — TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO |007F
es20| porTE 31161 — — — — — — — — — — — — — — — — _|ooo0
15:0 — — — — — — — — — RF6 RF5 RF4 RF3 RF2 RF1 RFO  |xxxx
31:16]  — — — — — — — — — — — — — — — —  |oo00
6530| LATF
15:0 — — — — — — — — — LATF6 | LATF5 | LATF4 | LATF3 | LATF2 | LATF1 | LATFO |xxxx
510l opce 31161 — — — — — — — — — — — — — — — — _|ooo0
15:0 — — — — — — — — — ODCF6 | ODCF5 | ODCF4 | ODCF3 | ODCF2 | ODCF1 | ODCFO |0000
o550l onpur 131181 — — — — — — — — — — — — — — — —  |oo00
15:0 — — — — — — — — — | CNPUF6 | CNPUF5 | CNPUF4 | CNPUF3 | CNPUF2 | CNPUF1 | CNPUFO0 | 0000
esc0| cnpor 21161 = — — — — — — — — — — — — — — — _|ooo0
15:0 — — — — — — — — — | CNPDF6 | CNPDF5 | CNPDF4 | CNPDF3 | CNPDF2 | CNPDF1 | CNPDFO | 0000
31:16]  — — — — — — — — — — — — — — — —  |oo00
6570 | CNCONF
150| ON — SIDL — — — — — — — — — — — — —  |o0o00
es80| cnene 1161 = — — — — — — — — — — — — — — — _|ooo0
15:0 — — — — — — — — — CNIEF6 | CNIEF5 | CNIEF4 | CNIEF3 | CNIEF2 | CNIEF1 | CNIEFO |0000
31:16]  — — — — — — — — — — — — — — — —  |oo00
6590| CNSTATF | . . . . . . . . . CN CN CN CN CN CN CN_ 15000
' STATF6 | STATF5 | STATF4 | STATF3 | STATF2 | STATF1 | STATFO

Legend:
Note 1:

x = Unknown value on Reset

more information.

; — = Unimplemented, read as *

0’; Reset values are shown in hexadecimal.
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 11.2 “CLR, SET, and INV Registers” for

ATINVA NId-00T/79 XXG/XXZ/XXTXNCEDId



PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

REGISTER 13-1: TxCON: TYPE B TIMER ‘x’ CONTROL REGISTER (CONTINUED)(‘'x’ =

bit 3

bit 2
bit 1

bit 0

Note 1:

THROUGH 5)
T32: 32-Bit Timer Mode Select bit(®
1 = Odd numbered and even numbered timers form a 32-bit timer
0 = Odd numbered and even numbered timers form a separate 16-bit timer
Unimplemented: Read as ‘0’

TCS: Timer Clock Source Select bit(®)
1 = External clock from TxCK pin
0 = Internal peripheral clock

Unimplemented: Read as ‘0’

When using 1:1 PBCLK divisor, the user’s software should not read/write the peripheral SFRs in the
SYSCLK cycle immediately following the instruction that clears the module’s ON bit.

This bit is available only on even numbered timers (Timer2 and Timer4).

While operating in 32-bit mode, this bit has no effect for odd numbered timers (Timer3 and Timer5). All
timer functions are set through the even numbered timers.

While operating in 32-bit mode, this bit must be cleared on odd numbered timers to enable the 32-bit timer
in Idle mode.

© 2014-2016 Microchip Technology Inc. Preliminary DS60001290D-page 167



PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

REGISTER 17-2: SPIXCONZ2: SPI CONTROL REGISTER 2

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
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
R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
158 SPISGNEXT — — FRMERREN| SPIROVEN |SPITUREN | IGNROV | IGNTUR
] R/W-0 u-0 u-0 u-0 R/W-0 u-0 R/W-0 R/W-0
70 AUDEN® — — — AUDMONO{2) — AUDMOD<1:0>(%2)
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 SPISGNEXT: Sign Extend Read Data from the RX FIFO bit
1 = Data from RX FIFO is sign extended
0 = Data from RX FIFO is not sign extened
bit 14-13 Unimplemented: Read as ‘0’
bit 12 FRMERREN: Enable Interrupt Events via FRMERR bit
1 = Frame Error overflow generates error events
0 = Frame Error does not generate error events
bit 11 SPIROVEN: Enable Interrupt Events via SPIROV bit
1 = Receive overflow generates error events
0 = Receive overflow does not generate error events
bit 10 SPITUREN: Enable Interrupt Events via SPITUR bit
1 = Transmit Underrun Generates Error Events
0 = Transmit Underrun Does Not Generates Error Events
bit 9 IGNROV: Ignore Receive Overflow bit (for Audio Data Transmissions)
1 = AROV is not a critical error; during ROV data in the fifo is not overwritten by receive data
0 = AROV is a critical error which stop SPI operation
bit 8 IGNTUR: Ignore Transmit Underrun bit (for Audio Data Transmissions)
1 = ATUR is not a critical error and zeros are transmitted until the SPIXTXB is not empty
0 = ATUR is a critical error which stop SPI operation
bit 7 AUDEN: Enable Audio CODEC Support bit()
1 = Audio protocol enabled
0 = Audio protocol disabled
bit 6-5 Unimplemented: Read as ‘0’
bit 3 AUDMONO: Transmit Audio Data Format bit(1-?)
1 = Audio data is mono (Each data word is transmitted on both left and right channels)
0 = Audio data is stereo
bit 2 Unimplemented: Read as ‘0’
bit -0  AUDMOD<1:0>: Audio Protocol Mode bit(%:2)
11 = PCM/DSP mode
10 = Right Justified mode
01 = Left Justified mode
00 = I°S mode
Note 1: This bit can only be written when the ON bit = 0.
2. This bit is only valid for AUDEN = 1.

© 2014-2016 Microchip Technology Inc. Preliminary DS60001290D-page 187



PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

REGISTER 20-1:

PMCON: PARALLEL PORT 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
uU-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
31:24 — — — — — — — —
. R/W-0, HC U-0 U-0 U-0 U-0 U-0 R/W-0 U-0
2316 "RDSTART — — — — — DUALBUF —
. R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
158 ON® — SIDL ADRMUX<1:0> PMPTTL | PTWREN | PTRDEN
. R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
70 CSF<1:0>@ ALP® Ccs2P® cs1P® — WRSP RDSP
Legend: HC = Hardware cleared

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 31-24
bit 23

bit 22-18
bit 17

bit 16
bit 15

bit 14
bit 13

bit 12-11

bit 10

bit 9

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

Unimplemented: Read as ‘0’
RDSTART: Start a Read on the PMP Bus bit(®)

1 = Start a read cycle on the PMP bus
0 = No effect

This bit is cleared by hardware at the end of the read cycle when the BUSY bit (PMMODE<15>) = 0.
Unimplemented: Read as ‘0’
DUALBUF: Parallel Master Port Dual Read/Write Buffer Enable bit
This bit is only valid in Master mode.
1 = PMP uses separate registers for reads and writes
Reads: PMRADDR and PMRDIN
Writes: PMRWADDR and PMDOUT
0 = PMP uses legacy registers for reads and writes
Reads/Writes: PMADDR and PMRDIN
Unimplemented: Read as ‘0’
ON: Parallel Master Port Enable bit®
1 = PMP enabled
0 = PMP disabled, no off-chip access performed
Unimplemented: Read as ‘0’
SIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
ADRMUX<1:0>: Address/Data Multiplexing Selection bits
11 = Lower 8 bits of address are multiplexed on PMD<15:0> pins
10 = All 16 bits of address are multiplexed on PMD<7:0> pins
01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins, upper bits are on PMA<15:8>
00 = Address and data appear on separate pins
PMPTTL: PMP Module TTL Input Buffer Select bit
1 = PMP module uses TTL input buffers
0 = PMP module uses Schmitt Trigger input buffer
PTWREN: Write Enable Strobe Port Enable bit
1 = PMWR/PMENB port enabled
0 = PMWR/PMENB port disabled

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

2. These bits have no effect when their corresponding pins are used as address lines.
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REGISTER 20-2: PMMODE: PARALLEL PORT MODE REGISTER (CONTINUED)
bit 5-2 WAITM<3:0>: Data Read/Write Strobe Wait States bits(®)
1111 = Wait of 16 TpB

0001 = Wait of 2 TPB
0000 = Wait of 1 TPB (default)

bit 1-0  WAITE<1:0>: Data Hold After Read/Write Strobe Wait States bits(?)
11 = Wait of 4 TPB
10 = Wait of 3 TPB
01 = Wait of 2 TPB
00 = Wait of 1 TPB (default)

For Read operations:

11 = Wait of 3 TPB

10 = Wait of 2 TPB

01 = Wait of 1 TPB

00 = Wait of 0 TPB (default)

Note 1: Whenever WAITM<3:0> = 0000, WAITB and WAITE bits are ignored and forced to 1 TPBCLK cycle for a
write operation; WAITB = 1 TPBCLK cycle, WAITE = 0 TPBCLK cycles for a read operation.

2: Address bits, A15 and A14, are not subject to automatic increment/decrement if configured as Chip Select
CS2 and CS1.

3. These pins are active when MODE16 = 1 (16-bit mode).
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REGISTER 20-4:

PMDOUT: PARALLEL PORT OUTPUT DATA 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 U0 U-0 U-0 u-0 U0 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
’ DATAOUT<15:8>
7:0 R/W-0 R/W-0 Rw-0 | Rwo | RW0 | RWoO RIW-0 R/W-0
DATAOUT<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
bit 15-0

Unimplemented: Read as ‘0’

DATAOUT<15:0>: Port Data Output bits

This register is used for Read operations in the Enhanced Parallel Slave mode and Write operations for Dual
Buffer Master mode.

In Dual Buffer Master mode, the DUALBUF bit (PMPCON<17>) = 1, a write to the MSB triggers the trans-
action on the PMP port. When MODE16 = 1, MSB = DATAOUT<15:8>. When MODE16 = 0,

MSB = DATAOUT<7:0>.

Note:

In Master mode, a read will return the last value written to the register. In Slave mode, a read will return
indeterminate results.

REGISTER 20-5:

PMDIN: PARALLEL PORT INPUT DATA 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/W-0 R/W-0
’ DATAIN<15:8>
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
DATAIN<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

DATAIN<15:0>: Port Data Input bits

This register is used for both Parallel Master Port mode and Enhanced Parallel Slave mode.

In Parallel Master mode, a write to the MSB triggers the write transaction on the PMP port. Similarly, a read
to the MSB triggers the read transaction on the PMP port.

When MODE16 = 1, MSB = DATAIN<15:8>. When MODE16 = 0, MSB = DATAIN<7:0>.

Note:

This register is not used in Dual Buffer Master mode (i.e., DUALBUF bit (PMPCON<17>) = 1).
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REGISTER 21-5:

ALRMTIME: ALARM TIME VALUE 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-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
31:24 HR10<3:0> HRO1<3:0>
RIW-x RW-x | RWx | RW-x RIW-x RWx | RWx | RWx
23:16 MIN10<3:0> MINO1<3:0>
. RW-x RW-x | Rwx | Rwx RW-x RW-x |  RWx | RWx
15:8 SEC10<3:0> SEC01<3:0>
70 u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-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 31-28
bit 27-24
bit 23-20
bit 19-16
bit 15-12
bit 11-8
bit 7-0

HR10<3:0>: Binary Coded Decimal value of hours bits, 10s place digits; contains a value from 0 to 2
HRO01<3:0>: Binary Coded Decimal value of hours bits, 1s place digit; contains a value from 0 to 9
MIN10<3:0>: Binary Coded Decimal value of minutes bits, 10s place digits; contains a value from 0 to 5
MINO01<3:0>: Binary Coded Decimal value of minutes bits, 1s place digit; contains a value from 0 to 9
SEC10<3:0>: Binary Coded Decimal value of seconds bits, 10s place digits; contains a value from 0 to 5
SECO01<3:0>: Binary Coded Decimal value of seconds bits, 1s place digit; contains a value from 0 to 9

Unimplemented: Read as ‘0’
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22.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (ADC)

The 10-bit Analog-to-Digital Converter (ADC) includes
the following features:

» Successive Approximation Register (SAR)

Note: This data sheet summarizes the features conversion
of the PIC32MX1XX/2XX/5XX 64/100-pin * Up to 1 Msps conversion speed
family of devices. It is not intended to be « Up to 48 analog input pins
a comprehensive reference source. To « External voltage reference input pins
complement the |nform_at|on in this dat_a + One unipolar, differential Sample and Hold
sheet, refer to Section 17. “10-bit .
_ Y Amplifier (SHA)
Analog-to-Digital Converter (ADC) Aut tic Ch s q
(DS60001104) in the “PIC32 Family utomatic .hannel scan mode
Reference Manual”, which is available + Selectable conversion trigger source
from the  Microchip web site » 16-word conversion result buffer
(www.microchip.com/PIC32). + Selectable buffer fill modes
+ Eight conversion result format options
» Operation during CPU Sleep and Idle modes
A block diagram of the 10-bit ADC is illustrated in
Figure 22-1. The 10-bit ADC has up to 28 analog input
pins, designated ANO-AN27. In addition, there are two
analog input pins for external voltage reference
connections. These voltage reference inputs may be
shared with other analog input pins and may be
common to other analog module references.
FIGURE 22-1. ADC1 MODULE BLOCK DIAGRAM
CcTMUI® VRer+®  AVDD VRer-D  AVss
r—— - - - - — — — — — — /7 - - 7
| : | >
AN47 ——
| | VCFG<2:0>
IVRer®)
| CTMUT® | ADC1BUF0
| open® | ADC1BUF1
ADC1BUF2
| Charmal o ___|ssH | VREFH VREFL ,
| Scan I | v r |
| CHOSA<5:0> CHOSB<5:0> ) . S sARADC [ |
| T | | | |
CSCNA ! I ' '
| | | | |
| AN1 fomm oo . | :
VREFL ADC1BUFE
| | ADC1BUFF
| ! |
| CHONA CHONB |
L - - - | = -
Alternate
Input Selection
ALTS (AD1CON2<0>)
Note 1: VREF+ and VREF- inputs can be multiplexed with other analog inputs.
2. Connected to the CTMU temperature reference diode. See Section 26.0 “Charge Time Measurement Unit
(CTMU)” for more information.
3. Internal precision 1.2V reference. See Section 24.0 “Comparator” for more information.
4: This selection is only used with CTMU capacitive and time measurement.
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REGISTER 22-3:

AD1CON3: ADC CONTROL REGISTER 3

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 U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' ADRC — — SAMC<4:0>(1)
-0 RW-0 RW-0 RW-0 RWo | Rwo | Rwo | Rw R/W-0
' ADCS<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
bit 15

bit 14-13
bit 12-8

bit 7-0

Note 1:
2:

Unimplemented: Read as ‘0’
ADRC: ADC Conversion Clock Source bit

1 = Clock derived from FRC
0 = Clock derived from Peripheral Bus Clock (PBCLK)

Unimplemented: Read as ‘0’

SAMC<4:0>: Auto-Sample Time bits(®)
11111 =31 TAD

00001 =1 TAD

00000 = 0 TAD (Not allowed)
ADCS<7:0>: ADC Conversion Clock Select bits®@
11111111 =TpB + 2+ (ADCS<7:0> + 1) =512 « TPB = TAD

00000001 =TpPB *» 2 » (ADCS<7:0> + 1) =4 « TPB = TAD
00000000 =TPB * 2 * (ADCS<7:0> + 1) =2« TPB = TAD

This bit is only used if the SSRC<2:0> bits (AD1CON1<7:5>) = 111.
This bit is not used if the ADRC bit (AD1CON3<15>) = 1.
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REGISTER 23-13: C1FLTCON3: CAN FILTER CONTROL REGISTER 3 (CONTINUED)

bit 20-16 FSEL14<4:0>: FIFO Selection bits
11111 = Reserved

10000 = Reserved
01111 = Message matching filter is stored in FIFO buffer 15

00000 = Message matching filter is stored in FIFO buffer 0
bit 15 FLTEN13: Filter 13 Enable bit

1 = Filter is enabled
0 = Filter is disabled

bit 14-13 MSEL13<1:0>: Filter 13 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 FSEL13<4:0>: FIFO Selection bits
11111 = Reserved

10000 = Reserved
01111 = Message matching filter is stored in FIFO buffer 15

00000 = Message matching filter is stored in FIFO buffer 0
bit 7 FLTEN12: Filter 12 Enable bit

1 = Filter is enabled
0 = Filter is disabled

bit 6-5 MSEL12<1:0>: Filter 12 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 FSEL12<4:0>: FIFO Selection bits
11111 = Reserved

10000 = Reserved
01111 = Message matching filter is stored in FIFO buffer 15

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. I
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REGISTER 23-14: C1RXFn: CAN ACCEPTANCE FILTER ‘n’ REGISTER (‘'n’ = 0 THROUGH 15)

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-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
31:24 SID<10:3>
_ RWx | Rwx | Rwx u-0 RW-0 U-0 RWx | RMWx
23:16 SID<2:0> — EXID — EID<17:16>
_ RWx | RWx | RWx RIW-x RIW-x RW-x RWx | RMWx
10:8 EID<15:8>
. RWx | Rwx | Rwx RIW-x RIW-x RW-x RWx | RMW-x
7o EID<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 31-21 SID<10:0>: Standard Identifier bits
1 = Message address bit SIDx must be ‘1’ to match filter

0 = Message address bit SIDx must be ‘0’ to match filter

bit 20 Unimplemented: Read as ‘0’
bit 19 EXID: Extended Identifier Enable bits
1 = Match only messages with extended identifier addresses
0 = Match only messages with standard identifier addresses
bit 18 Unimplemented: Read as ‘0’
bit 17-0 EID<17:0>: Extended Identifier bits
1 = Message address bit EIDx must be ‘1’ to match filter
0 = Message address bit EIDx must be ‘0’ to match filter
Note:  This register can only be modified when the filter is disabled (FLTENn = 0).
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29.0 INSTRUCTION SET

The  PIC32MX1XX/2XX/5XX  64/100-pin  family
instruction set complies with the MIPS32® Release 2
instruction set architecture. The PIC32 device family
does not support the following features:

» Core extend instructions

» Coprocessor 1 instructions

» Coprocessor 2 instructions

Note: Refer to “MIPS32® Architecture for
Programmers Volume II: The MIPS32®
Instruction Set” at www.imgtec.com for
more information.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =
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