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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

50MHz

I2C, IrDA, LINbus, PMP, SPI, UART/USART
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
53

512KB (512K x 8)

FLASH

64K x 8

2.3V ~ 3.6V

A/D 28x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-TQFP

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

29.2 5V TOLERANT INPUT PINS

The internal high side diode on 5V tolerant pins are
bussed to an internal floating node, rather than being
connected to VDD, as shown in Figure 2-7. Voltages
on these pins, if VDD < 2.3V, should not exceed
roughly 3.2V relative to Vss of the PIC32 device.
Voltage of 3.6V or higher will violate the absolute
maximum specification, and will stress the oxide
layer separating the high side floating node, which
impacts device reliability. If a remotely powered
“digital-only” signal can be guaranteed to always be
< 3.2V relative to Vss on the PIC32 device side, a
5V tolerant pin could be used without the need for a
digital isolator. This is assuming there is not a
ground loop issue, logic ground of the two circuits
not at the same absolute level, and a remote logic
low input is not less than Vss - 0.3V.

FIGURE 2-7: PIC32 5V TOLERANT PIN ARCHITECTURE EXAMPLE
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TABLE 5-2: INTERRUPT REGISTER MAP (CONTINUED)
a Bits
O~ = o
S #I I =] %)
T ) S — o
I®| oE 4 <3
f_g o & 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 o
2> [}
£
10E0 IPC5 31:16 — — — AD1IP<2:0> AD11S<1:0> — — — OC5IP<2:0> OC5IS<1:0> 0000
15:0 — — — IC51P<2:0> IC51S<1:0> — — — T5IP<2:0> T51S<1:0> 0000
10F0 IPCS 31:16 — — — CMP1IP<2:0> CMP11S<1:0> — — — FCEIP<2:0> FCEIS<1:0> 0000
15:0 — — — RTCCIP<2:0> RTCCIS<1:0> — — — FSCMIP<2:0> FSCMIS<1:0> 0000
31:16 — — — U1IP<2:0> U11S<1:0> — — — SPI1IP<2:0> SPI11S<1:0> 0000
1100 IPC7 > >
15:0 — — — USBIP<2:0>@ USBIS<1:0>®? — = — CMP2IP<2:0> CMP2I1S<1:0>  |0000
110 IPC8 31:16 — — — SPI2IP<2:0> SPI2IS<1:0> — — — PMPIP<2:0> PMPIS<1:0> 0000
15:0 — — — CNIP<2:0> CNIS<1:0> — — — 12C1I1P<2:0> 12C11S<1:0> 0000
120 IPCo 31:16 — — — U4IP<2:0> U41S<1:0> — — — U3IP<2:0> U3IS<1:0> 0000
15:0 — — — 12C2IP<2:0> 12C21S<1:0> — — — U2IP<2:0> U2IS<1:0> 0000
130! Pcio 31:16 — — — DMA1IP<2:0> DMA1IS<1:0> — — — DMAOIP<2:0> DMAOIS<1:0> 0000
15:0 — — — CTMUIP<2:0> CTMUIS<1:0> — — — U5IP<2:0> U5IS<1:0> 0000
O S X — — CANIP<2:0>®) CANIS<1:0>®) — — — CMP3IP<2:0> CMP3IS<1:0>  [0000
15:0 — — — DMA3IP<2:0> DMA3IS<1:0> — — — DMA2IP<2:0> DMA2IS<1:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
1150 | IPC12 T T
150 — — — SPI4P<2:0>Y) SPI4S<1:0>) — — — SPI3P<2:0> SPI3S<1:0> 0000
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  This bitis only available on 100-pin devices.
2:  This bit is only implemented on devices with a USB module.
3:  With the exception of those noted, 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 11.2 “CLR,
SET, and INV Registers” for more information.
4: This register does not have associated CLR, SET, and INV registers.
5:  This bit is only implemented on devices with a CAN module.
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6.1

Control Registers

TABLE 6-1: FLASH CONTROLLER REGISTER MAP
@ Bits
o % = % a
e} Q [}
2g| @& 5 8
IS
‘_:‘,‘ & ga':’z = 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 2
2= m <
<
@ [31:16 — — — — — — — — — — — — — — — — 0000
F400 | NVMCON
15:0 WR WREN | WRERR | LVDERR | LVDSTAT — — — — — — — NVMOP<3:0> 0000
31:16 0000
F410| NVMKEY NVMKEY<31:0>
15:0 0000
w|31:16 0000
F420 [NVMADDR NVMADDR<31:0>
15:0 0000
31:16 0000
F430 | NVMDATA NVMDATA<31:0>
15:0 0000
31:16 0000
Faq0| NYMSRC NVMSRCADDR<31:0>
ADDR 15:0 0000
Legend: X = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: This register has corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and OxC, respectively. See Section 11.2 “CLR, SET, and INV Registers” for more

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

REGISTER 10-2: U1OTGIE: USB OTG INTERRUPT ENABLE 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
0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0
' IDIE TIMSECIE | LSTATEIE ACTVIE SESVDIE | SESENDIE — VBUSVDIE
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 IDIE: ID Interrupt Enable bit
1 = ID interrupt enabled
0 = ID interrupt disabled
bit 6 T1MSECIE: 1 Millisecond Timer Interrupt Enable bit
1 = 1 millisecond timer interrupt enabled
0 = 1 millisecond timer interrupt disabled
bit 5 LSTATEIE: Line State Interrupt Enable bit
1 = Line state interrupt enabled
0 = Line state interrupt disabled
bit 4 ACTVIE: Bus Activity Interrupt Enable bit
1= ACTIVITY interrupt enabled
0 = ACTIVITY interrupt disabled
bit 3 SESVDIE: Session Valid Interrupt Enable bit
1 = Session valid interrupt enabled
0 = Session valid interrupt disabled
bit 2 SESENDIE: B-Session End Interrupt Enable bit
1 = B-session end interrupt enabled
0 = B-session end interrupt disabled
bit 1 Unimplemented: Read as ‘0’

bit 0 VBUSVDIE: A-VBUS Valid Interrupt Enable bit

1 = A-VBUS valid interrupt enabled
0 = A-VBUS valid interrupt disabled

© 2014-2016 Microchip Technology Inc. Preliminary DS60001290D-page 111




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

REGISTER 10-6:

UlIR: USB INTERRUPT 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 — — — — — — — —
R/WC-0, HS | R/WC-0, HS R/WC-0, HS R/WC-0, HS | R/WC-0, HS | R/WC-0, HS R-0 R/WC-0, HS
7:0 URSTIF®)
: STALLIF | ATTACHIF® | RESUMEIF® | IDLEIF | TRNIF® | SOFIF | UERRIF® .
DETACHIF®
Legend: WC = Write ‘1’ to clear HS = Hardware Settable bit
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
bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

bit 0

Note 1:

Unimplemented: Read as ‘0’
STALLIF: STALL Handshake Interrupt bit
1 = In Host mode, a STALL handshake was received during the handshake phase of the transaction
In Device mode, a STALL handshake was transmitted during the handshake phase of the transaction

0 = STALL handshake has not been sent

ATTACHIF: Peripheral Attach Interrupt bit(1)

1 = Peripheral attachment was detected by the USB module

0 = Peripheral attachment was not detected

RESUMEIF: Resume Interrupt bit(®)

1 = K-State is observed on the D+ or D- pin for 2.5 ps

0 = K-State is not observed

IDLEIF: Idle Detect Interrupt bit

1 = Idle condition detected (constant Idle state of 3 ms or more)
0 = No Idle condition detected

TRNIF: Token Processing Complete Interrupt bit(®)

1 = Processing of current token is complete; a read of the U1STAT register will provide endpoint information
0 = Processing of current token not complete

SOFIF: SOF Token Interrupt bit

1 = SOF token received by the peripheral or the SOF threshold reached by the host
0 = SOF token was not received nor threshold reached
UERRIF: USB Error Condition Interrupt bit(4)

1 = Unmasked error condition has occurred

0 = Unmasked error condition has not occurred

URSTIF: USB Reset Interrupt bit (Device mode)(5)

1 = Valid USB Reset has occurred

0 = No USB Reset has occurred

DETACHIF: USB Detach Interrupt bit (Host mode)(G)

1 = Peripheral detachment was detected by the USB module

0 = Peripheral detachment was not detected

This bit is valid only if the HOSTEN bit is set (see Register 10-11), there is no activity on the USB for
2.5 ps, and the current bus state is not SEO.

When not in Suspend mode, this interrupt should be disabled.

Clearing this bit will cause the STAT FIFO to advance.

Only error conditions enabled through the U1EIE register will set this bit.
Device mode.

Host mode.

© 2014-2016 Microchip Technology Inc.

Preliminary DS60001290D-page 115




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

REGISTER 10-9: UI1EIE: USB ERROR INTERRUPT ENABLE 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 — — — — — — — —
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7:0 CRC5EE®)
) BTSEE BMXEE DMAEE BTOEE DFN8EE CRC16EE > PIDEE
EOFEE®
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 BTSEE: Bit Stuff Error Interrupt Enable bit

1 = BTSEF interrupt enabled
0 = BTSEF interrupt disabled

bit 6 BMXEE: Bus Matrix Error Interrupt Enable bit

1 = BMXEF interrupt enabled
0 = BMXEF interrupt disabled

bit 5 DMAEE: DMA Error Interrupt Enable bit

1 = DMAEF interrupt enabled
0 = DMAEF interrupt disabled

bit 4 BTOEE: Bus Turnaround Time-out Error Interrupt Enable bit

1 = BTOEEF interrupt enabled
0 = BTOEF interrupt disabled

bit 3 DFNS8EE: Data Field Size Error Interrupt Enable bit

1 = DFNS8EF interrupt enabled
0 = DFNB8EF interrupt disabled

bit 2 CRC16EE: CRC16 Failure Interrupt Enable bit

1 = CRC16EF interrupt enabled
0 = CRC16EF interrupt disabled

bit 1 CRCS5EE: CRC5 Host Error Interrupt Enable bit(1)

1 = CRCS5EF interrupt enabled
0 = CRCS5EF interrupt disabled

EOFEE: EOF Error Interrupt Enable bit(®

1 = EOF interrupt enabled
0 = EOF interrupt disabled

bit 0 PIDEE: PID Check Failure Interrupt Enable bit

1 = PIDEF interrupt enabled
0 = PIDEF interrupt disabled

Note 1: Device mode.
2. Host mode.

Note:  For an interrupt to propagate USBIF, the UERRIE bit (U1IE<1>) must be set. I

© 2014-2016 Microchip Technology Inc. Preliminary DS60001290D-page 119



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

11.3 Peripheral Pin Select

A major challenge in general purpose devices is provid-
ing the largest possible set of peripheral features while
minimizing the conflict of features on 1/O pins. The chal-
lenge is even greater on low pin count devices. In an
application where more than one peripheral needs to
be assigned to a single pin, inconvenient workarounds
in application code or a complete redesign may be the
only options.

Peripheral pin select configuration provides an
alternative to these choices by enabling peripheral set
selection and their placement on a wide range of 1/O
pins. By increasing the pinout options available on a
particular device, users can better tailor the device to
their entire application, rather than trimming the
application to fit the device.

The peripheral pin select configuration feature
operates over a fixed subset of digital 1/0 pins. Users
may independently map the input and/or output of most
digital peripherals to these I/O pins. Peripheral pin
select is performed in software and generally does not
require the device to be reprogrammed. Hardware
safeguards are included that prevent accidental or
spurious changes to the peripheral mapping once it has
been established.

11.3.1 AVAILABLE PINS

The number of available pins is dependent on the
particular device and its pin count. Pins that support the
peripheral pin select feature include the designation
“‘RPn” in their full pin designation, where “RP”
designates a remappable peripheral and “n” is the

remappable port number.

11.3.2 AVAILABLE PERIPHERALS

The peripherals managed by the peripheral pin select
are all digital-only peripherals. These include general
serial communications (UART and SPI), general pur-
pose timer clock inputs, timer-related peripherals (input
capture and output compare) and interrupt-on-change
inputs.

In comparison, some digital-only peripheral modules
are never included in the peripheral pin select feature.
This is because the peripheral’s function requires spe-
cial I/O circuitry on a specific port and cannot be easily
connected to multiple pins. These modules include 12c
among others. A similar requirement excludes all mod-
ules with analog inputs, such as the Analog-to-Digital
Converter (ADC).

A key difference between remappable and non-remap-
pable peripherals is that remappable peripherals are
not associated with a default 1/0 pin. The peripheral
must always be assigned to a specific I/O pin before it
can be used. In contrast, non-remappable peripherals
are always available on a default pin, assuming that the
peripheral is active and not conflicting with another
peripheral.

When a remappable peripheral is active on a given I/O
pin, it takes priority over all other digital I/O and digital
communication peripherals associated with the pin.
Priority is given regardless of the type of peripheral that
is mapped. Remappable peripherals never take priority
over any analog functions associated with the pin.

11.3.3 CONTROLLING PERIPHERAL PIN
SELECT

Peripheral pin select features are controlled through
two sets of SFRs: one to map peripheral inputs, and
one to map outputs. Because they are separately
controlled, a particular peripheral’s input and output (if
the peripheral has both) can be placed on any
selectable function pin without constraint.

The association of a peripheral to a peripheral-select-
able pin is handled in two different ways, depending on
whether an input or output is being mapped.

11.34 INPUT MAPPING

The inputs of the peripheral pin select options are
mapped on the basis of the peripheral. That is, a control
register associated with a peripheral dictates the pin it
will be mapped to. The [pin name]R registers, where [pin
name] refers to the peripheral pins listed in Table 11-1,
are used to configure peripheral input mapping (see
Register 11-1). Each register contains sets of 4 bit
fields. Programming these bit fields with an appropriate
value maps the RPn pin with the corresponding value to
that peripheral. For any given device, the valid range of
values for any bit field is shown in Table 11-1.

For example, Figure 11-2 illustrates the remappable
pin selection for the U1RX input.

FIGURE 11-2: REMAPPABLE INPUT

EXAMPLE FOR U1RX
U1RXR<3:0>

X W
RPA2
X 1
RPB6
2 U1RX input
RPA4 to peripheral
([ ] [
([ ] [
( [ ]
X n
RPn
Note: For input only, peripheral pin select functionality

does not have priority over TRISx settings.
Therefore, when configuring RPn pin for input,
the corresponding bit in the TRISx register must
also be configured for input (set to ‘1’).

© 2014-2016 Microchip Technology Inc.

Preliminary

DS60001290D-page 131



ZG1 ebed-go6z10009Sa

Areulwiaid

"ou| ABojouyos | diyoosolN 91.02-710Z @

TABLE 11-17: PERIPHERAL PIN SELECT INPUT REGISTER MAP (CONTINUED)
2]
1”3 - i % Bits .
‘_§ é &JZ 5 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 <=(
S
31:16 = = = = = = = = = = = = = = = = 0000
FASC | U2CTSR 15:0 — — — — — — — — — — — — U2CTSR<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FABO | - USRXR 15:0 — — — — — — — — — — — — U3RXR<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FAB4 | USCTSR 15:0 — — — — — — — — — — — — U3CTSR<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FAGS | U4RXR 15:0 — — — — — — — — — — — — U4RXR<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FABC | U4CTSR 15:0 — — — — — — — — — — — — U4CTSR<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FATO | USRXR 15:0 — — — — — — — — — — — — USRXR<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FAT4 | USCTSR 15:0 — — — — — — — — — — — — U5CTSR<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FAB4 SDHR 15:0 — — — — — — — — — — — — SDI1R<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FABS SS1R 15:0 — — — — — — — — — — — — SS1R<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FA90 SDI2R 15:0 — — — — — — — — — — — — SDI2R<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FAS4 SS2R 15:0 — — — — — — — — — — — — SS2R<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FASC SDISR 15:0 — — — — — — — — — — — — SDI3R<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FAAD SS3R 15:0 — — — — — — — — — — — — SS3R<3:0> 0000
36|  — — — — — — — — — — — — — — | = — | o000
FAAS SDIR 15:0 — — — — — — — — — — — — SDI4R<3:0> 0000
3116  — — — — — — — — — — — — — — | = — | o000
FAAC SS4R 15:0 — — — — — — — — — — — — SS4R<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FACE | CIRXR 15:0 — — — — — — — — — — — — C1RXR<3:0> 0000
31:16 = = = = = = = = = = = = = = | = = 0000
FADO | REFCLKIR 15:0 — — — — — — — — — — — — REFCLKIR<3:0> 0000
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

REGISTER 15-1:

ICXCON: INPUT CAPTURE ‘X’ CONTROL REGISTER (‘x’ =1 THROUGH 5)

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-o
31:24 — — — — — — — —
u-o u-0 u-0 u-o u-0 u-0 u-o u-o
23:16 — — — — — — — —
15:8 R/W-0 u-0 R/W-0 u-0 u-0 u-0 R/W-0 R/W-0
' ON® — SIDL — — — FEDGE C32
7.0 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 bit W = Writable bit U = Unimplemented bit
-n = Bit Value at POR: (‘0’, “1’, x = unknown) P = Programmable bit  r = Reserved bit

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)

1 = Module 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 = Haltin CPU Idle mode

0 = Continue to operate in CPU 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-bit timer resource capture

0 = 16-bit timer resource capture

ICTMR: Timer Select bit (Does not affect timer selection when C32 (ICxCON<8>) is ‘1’)
0 = Timer3 is the counter source for capture

1 = Timer2 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

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

1 = Input capture overflow occurred

0 = No input capture overflow 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 1:1 PBCLK divisor, the user software should not read/write the peripheral’'s SFRs in the

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

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

REGISTER 17-1: SPIXCON: SPI CONTROL REGISTER (CONTINUED)

bit 17

bit 16

bit 15

bit 14
bit 13

bit 12

bit 11-10

bit 9

bit 8

bit 7

bit 6

bit 5

Note 1:

SPIFE: Frame Sync Pulse Edge Select bit (Framed SPI mode only)

1 = Frame synchronization pulse coincides with the first bit clock

0 = Frame synchronization pulse precedes the first bit clock

ENHBUF: Enhanced Buffer Enable bit®?

1 = Enhanced Buffer mode is enabled

0 = Enhanced Buffer mode is disabled

ON: SPI Peripheral On bit®

1 = SPI Peripheral is enabled

0 = SPI Peripheral is disabled

Unimplemented: Read as ‘0’

SIDL: Stop in Idle Mode bit

1 = Discontinue operation when CPU enters in Idle mode

0 = Continue operation in Idle mode

DISSDO: Disable SDOx pin bit

1 = SDOx pin is not used by the module. Pin is controlled by associated PORT register

0 = SDOx pin is controlled by the module

MODE<32,16>: 32/16-Bit Communication Select bits

When AUDEN =1:

MODE32 MODE16 Communication
11 24-bit Data, 32-bit FIFO, 32-bit Channel/64-bit Frame
10 32-bit Data, 32-bit FIFO, 32-bit Channel/64-bit Frame
01 16-bit Data, 16-bit FIFO, 32-bit Channel/64-bit Frame
00 16-bit Data, 16-bit FIFO, 16-bit Channel/32-bit Frame

When AUDEN = 0:
MODE32 MODE16 Communication
1x 32-bit
01 16-bit
00 8-bit
SMP: SPI Data Input Sample Phase bit
Master mode (MSTEN = 1):
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
Slave mode (MSTEN = 0):
SMP value is ignored when SPI is used in Slave mode. The module always uses SMP = 0.
CKE: SPI Clock Edge Select bit®
1 = Serial output data changes on transition from active clock state to Idle clock state (see CKP bit)
0 = Serial output data changes on transition from Idle clock state to active clock state (see CKP bit)
SSEN: Slave Select Enable (Slave mode) bit
1 = SSx pin used for Slave mode
0 = SSx pin not used for Slave mode, pin controlled by port function.
CKP: Clock Polarity Select bit®
1 = Idle state for clock is a high level; active state is a low level
0 = Idle state for clock is a low level; active state is a high level

MSTEN: Master Mode Enable bit

1 = Master mode

0 = Slave mode

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

This bit can only be written when the ON bit = 0.

This bit is not used in the Framed SPI mode. The user should program this bit to ‘0’ for the Framed SPI
mode (FRMEN = 1).

When AUDEN = 1, the SPI module functions as if the CKP bit is equal to ‘1’, regardless of the actual value
of CKP.
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TABLE 19-1: UART1 THROUGH UARTS5 REGISTER MAP (CONTINUED)
® Bits
o s e 2
24 2 2 < ]
I® 58 o &
e 2= = 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 Z
.=>;
31:16 — — — — — — — — — — — — — — — — 0000
6440 U3BRGY
15:0 Baud Rate Generator Prescaler 0000
. = = = = = = = = = = = = = = = — |oo00
6600| Uamope® |31:16
15:0 ON — SIDL IREN RTSMD — UEN<1:0> WAKE | LPBACK | ABAUD | RXINV BRGH PDSEL<1:0> STSEL {0000
31:16 — — — — — — — ADM_EN ADDR<7:0> 0000
6610 U4STAD
15:0 UTXISEL<1:0> UTXINV | URXEN | UTXBRK [ UTXEN | UTXBF TRMT URXISEL<1:0> ADDEN | RIDLE PERR FERR OERR | URXDA |FFFF
3118 — — — — — — — — — [ = — — — — — —  oooo
6620 | U4TXREG
15:0 — — — — — — — TX8 Transmit Register 0000
3118 — — — — — — — — — [ = — — [ =0 =1 = —  oooo
6630 | U4RXREG
15:0 — — — — — — — RX8 Receive Register 0000
3118 — — — — — — — — — [ = — — [ =0 =1 = —  oooo
6640 U4BRG(
15:0 Baud Rate Generator Prescaler 0000
. = = = = = = = = = = = = = = = — |oo00
6800 | UsMoDE(2) |31:16 |
15:0 ON — SIDL IREN RTSMD — UEN<1:0> WAKE | LPBACK | ABAUD | RXINV BRGH PDSEL<1:0> STSEL {0000
x [31:16 — — — — — — — ADM_EN ADDR<7:0> 0000
6810 U5STA(L?)
15:0 UTXISEL<1:0> UTXINV | URXEN | UTXBRK | UTXEN | UTXBF TRMT URXISEL<1:0> ADDEN | RIDLE PERR FERR OERR | URXDA |FFFF
3118 — — — — — — — — — [ = — — — — — —  oooo
6820 [USTXREG(!2)
15:0 — — — — — — — TX8 Transmit Register 0000
31:16 — — — — — — — — — — — — — — — — 0000
6830 [USRXREG(1:2) | | | |
15:0 — — — — — — — RX8 Receive Register 0000
31:16 — — — — — — — — — — — — — — — — 0000
6840 | U5BRG(1? | | | |
15:0 Baud Rate Generator Prescaler 0000
Legend: X = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  This register has 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 more

information.

2:  This register is only available on 100-pin devices.
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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 22-4:

ADI1CHS: ADC INPUT SELECT 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
3124 RIW-0 U0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0

’ CHONB — CHO0SB<5:0>
0316 RIW-0 U-0 rRwo | Rwo | Rwo | RIW-0 RIW-0 RIW-0
’ CHONA — CHOSA<5:0>
u-0 U0 U0 U-0 U-0 U0 U-0 U-0
15:8 — — — — — — — —
u-0 U0 U0 U-0 u-0 U0 U-0 U-0
7:0 — — — — — — — —
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 31

bit 30
bit 29-24

bit 23

bit 22

Note 1:
2:
3:

CHONB: Negative Input Select bit for Sample B

1 = Channel 0 negative input is AN1

0 = Channel 0 negative input is VREFL
Unimplemented: Read as ‘0’

CHOSB<5:0>: Positive Input Select bits for Sample B
For 64-pin devices:

011110 = Channel 0 positive input is Open(l)

011101 = Channel 0 positive input is CTMU temperature sensor (CTMUT)(z)
011100 = Channel 0 positive input is IVRer(®

011011 = Channel 0 positive input is AN27

000001 = Channel 0 positive input is AN1
000000 = Channel 0 positive input is ANO

For 100-pin devices:

110010 = Channel 0 positive input is Open(l)

110001 = Channel 0 positive input is CTMU temperature sensor (CTMUT)(Z)
110000 = Channel 0 positive input is IVRer(®

101111 = Channel 0 positive input is AN47

0000001 = Channel 0 positive input is AN1
0000000 = Channel 0 positive input is ANO

CHONA: Negative Input Select bit for Sample A Multiplexer Setting(3)

1 = Channel 0 negative input is AN1
0 = Channel 0 negative input is VREFL

Unimplemented: Read as ‘0’

This selection is only used with CTMU capacitive and time measurement.
See Section 26.0 “Charge Time Measurement Unit (CTMU)” for more information.
Internal precision 1.2V reference. See Section 24.0 “Comparator” for more information.
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25.0 COMPARATOR VOLTAGE
REFERENCE (CVrer)

Note:  This data sheet summarizes the features
of the PIC32MX1XX/2XX/5XX 64/100-pin
family of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to Section 20. “Comparator
Voltage Reference (CVREF)”
(DS60001109) in the “PIC32 Family
Reference Manual”, which is available
from the Microchip web site
(www.microchip.com/PIC32).

The CVREF module is a 16-tap, resistor ladder network
that provides a selectable reference voltage. Although
its primary purpose is to provide a reference for the
analog comparators, it also may be used independently
of them.

FIGURE 25-1:

A block diagram of the module is illustrated in
Figure 25-1. The resistor ladder is segmented to
provide two ranges of voltage reference values and has
a power-down function to conserve power when the
reference is not being used. The module’s supply refer-
ence can be provided from either device VDD/VSS or an
external voltage reference. The CVREF output is avail-
able for the comparators and typically available for pin
output.

The CVREF module has the following features:

* High and low range selection

+ Sixteen output levels available for each range

* Internally connected to comparators to conserve
device pins

» Output can be connected to a pin

COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

CVRSS =1

VREF+ o
\c |_|
AVDD Zl—o
CVRSS =0 8R

CVRSRC (DACREFH)

CVR<3:0> ———  p» CVREF

<

x

]
L] E r— "

~ + CVREFOUT
: 3 g X

© | CVRCON<CVROE>

CVREN R
RS
RZ
RS
16 Steps < T
|
i
RZ
RS
RZ

CVRR |
CVRSS =1
VREF- X}F——0

N

Avss [p——
CVRSS =0

T
P

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

REGISTER 25-1:

CVRCON: COMPARATOR VOLTAGE REFERENCE 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 — — — — — — — —

) R/W-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
15:8 OND — — — — — — —
70 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

' — CVROE CVRR CVRSS CVR<3:0>

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

bit 14-7

bit 6

bit 5

bit 4

bit 3-0

ON: Comparator Voltage Reference On bit()
1 = Module is enabled
Setting this bit does not affect other bits in the register.
0 = Module is disabled and does not consume current
Clearing this bit does not affect the other bits in the register.
Unimplemented: Read as ‘0’
CVROE: CVREFOUT Enable bit
1 = Voltage level is output on CVREFOUT pin
0 = Voltage level is disconnected from CVREFOUT pin
CVRR: CVREF Range Selection bit
1 =0to 0.625 CVRsRc, with CVRSRC/24 step size
0 =0.25 CVRSRC to 0.719 CVRsSRC, with CVRSRC/32 step size
CVRSS: CVREF Source Selection bit
1 = Comparator voltage reference source, CVRSRC = (VREF+) — (VREF-)
0 = Comparator voltage reference source, CVRSRC = AVDD — AVSS
CVR<3:0>: CVREF Value Selection 0 < CVR<3:0> < 15 bits
When CVRR =1:
CVREF = (CVR<3:0>/24) ¢ (CVRSRC)
When CVRR =0:
CVREF = 1/4 ¢ (CVRSRC) + (CVR<3:0>/32) e (CVRSRC)

Note 1: When using 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.

© 2014-2016 Microchip Technology Inc.
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28.2 Registers
TABLE 28-1: DEVCFG: DEVICE CONFIGURATION WORD SUMMARY

0 Bits
O~ - ) [%)
oS ¥ [ = @
3| 25 | & ¢
‘_:‘,‘ & gz = 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 g
=~ o <
<
31:16|FVBUSONIO|FUSBIDIO| IOL1WAY [PMDL1WAY| — = — = — — — — = — — = XXXX
0BFO|DEVCFG3
15:0 USERID<15:0> XXXX
31:16 — — — — — — — — — — — — — FPLLODIV<2:0> XXXX
0BF4|DEVCFG2 D @)
15:0 | UPLLEN — — — — UPLLIDIV<2:0> — FPLLMUL<2:0> — FPLLIDIV<2:0> XXXX
0BF8 IDEVCEGH 31:16 — — — — — — FWDTWINSZ<1:0> [FWDTEN| WINDIS — WDTPS<4:0> XXXX
15:0 FCKSM<1:0> FPBDIV<1:0> — |OSCIOFNC| POSCMOD<1:0> IESO — FSOSCEN — — | FNOSC<2:0> XXXX
31:16 — — — CP — — — BWP — — — — PWP<9:6> XXXX
0BFC|DEVCFGO
15:0 PWP<5:0> — — — — — — — ICESEL<1:0> | JTAGEN DEBUG<1:0> XXXX
Legend: X = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  This bit is only available on devices with a USB module.
TABLE 28-2: DEVICE AND REVISION ID SUMMARY
2] .
&‘{; _ N ° Bits a
° #I Do o %
g 2f | & g
‘_§ o5 §z = 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 18/2 171 16/0 @
= . 3
>
31:16 — — — — — — — — — — — — — — = — 0000
F200 | CFGCON >
15:0 — — IOLOCK |PMDLOCK — — — — — — — — JTAGEN |TROEN® — TDOEN (000B
r220| DEVID 31:16 VER<3:0> DEVID<27:16> XXXX
15:0 DEVID<15:0> XXXX
@ 31:16 0000
F230 [SYSKEY SYSKEY<31:0>
15:0 0000
Legend: X = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1: Reset values are dependent on the device.
2: This bit is not available on 64-pin devices.
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PIC32MX1XX/2XX/5XX 64/100-PIN FAMILY

FIGURE 31-16: I2Cx BUS START/STOP BITS TIMING CHARACTERISTICS (SLAVE MODE)

SCLx Lo Lo I Lo
Lo 831 : : 1534
1S30 11 ¢ us3gr

SN (« .

SDAX T / )) j ;

Lo « 7

: ! ) ! !

Y Y

Start Stop
Condition Condition

Note: Refer to Figure 31-1 for load conditions.

FIGURE 31-17:

I2Cx BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)

1S20 > ' e—

e 1521

Note: Refer to Figure 31-1 for load conditions.
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34.0 PACKAGING INFORMATION

34.1 Package Marking Information

64-Lead TQFP (10x10x1 mm) Example
D PIC3E D PIC3
XXXXXXXXXX PIC32MX150F
XXXXXXXXXX 256H-I/PT
XXXXXXXXXX @3
YYWWNNN 0510017
O O
64-Lead QFN (9x9x0.9 mm) Example
O O
R PIC* D PIC3*
XXXXXXXXXX PIC32MX150F
XXXXXXXXXX 256H-I/MR
XXXXXXXXXX ©d
YYWWNNN 0510017
100-Lead TQFP (14x14x1 mm) Example
D PIC3* D PIC3
XXXXXXXXXXXX PIC32MX150F
XXXXXXXXXXXX 256L-I/PF (@3
YYWWNNN 0510017
O O
100-Lead TQFP (12x12x1 mm) Example
D PIC*? D PIC*#
XXXXXXXXXXXX PIC32MX150F
XXXXXXXXXXXX 256L-I/PT
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.

be carried over to the

Note: In the event the full Microchip part number cannot be marked on one line, it will

characters for customer-specific information.

next line, thus limiting the number of available

© 2014-2016 Microchip Technology Inc.
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64-Lead Plastic Quad Flat, No Lead Package (MR) — 9x9x0.9 mm Body [QFN]
With 0.40 mm Contact Length and 5.40x5.40mm Exposed Pad

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

C1 |
- |
_I_ |
(A A
— —
== ——
— —
—/ —
— —
Cc2 | — I G
— —
— —
T2 —
— — T
—/ —
— —
= — Vi
— —
—/ —
- CAA000000000000003
ol
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits| MIN__ [ NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 5.50
Optional Center Pad Length T2 5.50
Contact Pad Spacing C1 8.90
Contact Pad Spacing C2 8.90
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 0.85
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2154A
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