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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC32MX1XX/2XX 28/44-PIN XLP FAMILY
8.0 OSCILLATOR 
CONFIGURATION

The PIC32MX1XX/2XX XLP oscillator system has the
following modules and features:

• A total of five external and internal oscillator options 
as clock sources

• On-Chip PLL with user-selectable input divider, 
multiplier and output divider to boost operating fre-
quency on select internal and external oscillator 
sources

• On-Chip user-selectable divisor postscaler on select 
oscillator sources

• Software-controllable switching between 
various clock sources

• A Fail-Safe Clock Monitor (FSCM) that detects 
clock failure and permits safe application recovery

• Dedicated On-Chip PLL for USB modules 
• Flexible reference clock output

• Multiple clock branches for peripherals for better 
performance flexibility

A block diagram of the oscillator system is provided in
Figure 8-1.

8.1 Fail-Safe Clock Monitor (FSCM)

The PIC32MX1XX/2XX XLP oscillator system includes
a Fail-safe Clock Monitor (FSCM). The FSCM monitors
the SYSCLK for continuous operation. If it detects that
the SYSCLK has failed, it switches the SYSCLK over to
the BFRC oscillator and triggers a NMI. The BFRC is
an untuned 8 MHz oscillator that will drive the SYSCLK
during FSCM event. When the NMI is executed, soft-
ware can attempt to restart the main oscillator or shut
down the system.

In Sleep mode both the SYSCLK and the FSCM
halt, which prevents FSCM detection.

Note: This data sheet summarizes the
features of the PIC32MX1XX/2XX XLP
family of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to Section 42. “Oscillators
with Enhanced PLL” (DS60001250) in
the “PIC32 Family Reference Manual”,
which is available from the Microchip
web site (www.microchip.com/PIC32).
 2016 Microchip Technology Inc. Advance Information DS60001404A-page 79
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REGISTER 11-8: U1EIR: USB ERROR INTERRUPT STATUS REGISTER

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
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

— — — — — — — —

15:8
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

7:0

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/WC-0, HS R/WC-0, HS

BTSEF BMXEF DMAEF(1) BTOEF(2) DFN8EF CRC16EF
CRC5EF(4)

PIDEF
EOFEF(3,5)

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 Unimplemented: Read as ‘0’

bit 7 BTSEF: Bit Stuff Error Flag bit
1 = Packet rejected due to bit stuff error
0 = Packet accepted

bit 6 BMXEF: Bus Matrix Error Flag bit
1 = The base address, of the Buffer Descriptor Table, or the address of an individual buffer pointed to by a

Buffer Descriptor Table entry, is invalid. 
0 = No address error

bit 5 DMAEF: DMA Error Flag bit(1)

1 = USB DMA error condition detected
0 = No DMA error

bit 4 BTOEF: Bus Turnaround Time-Out Error Flag bit(2)

1 = Bus turnaround time-out has occurred
0 = No bus turnaround time-out

bit 3 DFN8EF: Data Field Size Error Flag bit
1 = Data field received is not an integral number of bytes
0 = Data field received is an integral number of bytes

bit 2 CRC16EF: CRC16 Failure Flag bit
1 = Data packet rejected due to CRC16 error
0 = Data packet accepted

Note 1: This type of error occurs when the module’s request for the DMA bus is not granted in time to service the 
module’s demand for memory, resulting in an overflow or underflow condition, and/or the allocated buffer 
size is not sufficient to store the received data packet causing it to be truncated.

2: This type of error occurs when more than 16-bit-times of Idle from the previous End-of-Packet (EOP) 
has elapsed.

3: This type of error occurs when the module is transmitting or receiving data and the SOF counter has 
reached zero.

4: Device mode.

5: Host mode.
 2016 Microchip Technology Inc. Advance Information DS60001404A-page 135
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REGISTER 11-20: U1CNFG1: USB CONFIGURATION 1 REGISTER

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
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

— — — — — — — —

15:8
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

7:0
R/W-0 R/W-0 U-0 R/W-0 U-0 U-0 U-0 R/W-0

UTEYE UOEMON — USBSIDL — — — UASUSPND

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 UTEYE: USB Eye-Pattern Test Enable bit
1 = Eye-Pattern Test is enabled
0 = Eye-Pattern Test is disabled

bit 6 UOEMON: USB OE Monitor Enable bit
1 = OE signal is active; it indicates intervals during which the D+/D- lines are driving
0 = OE signal is inactive

bit 5 Unimplemented: Read as ‘0’

bit 4 USBSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when the device enters Idle mode
0 = Continue module operation when the device enters Idle mode

bit 3-1 Unimplemented: Read as ‘0’

bit 0 UASUSPND: Automatic Suspend Enable bit
1 = USB module automatically suspends upon entry to Sleep mode. See the USUSPEND bit

(U1PWRC<1>) in Register 11-5.
0 = USB module does not automatically suspend upon entry to Sleep mode. Software must use the

USUSPEND bit (U1PWRC<1>) to suspend the module, including the USB 48 MHz clock.
 2016 Microchip Technology Inc. Advance Information DS60001404A-page 145
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12.3.5 OUTPUT MAPPING

In contrast to inputs, the outputs of the PPS options
are mapped on the basis of the pin. In this case, a
control register associated with a particular pin
dictates the peripheral output to be mapped. The
RPnR registers (Register 12-2) are used to control
output mapping. Like the [pin name]R registers, each
register contains sets of 4 bit fields. The value of the
bit field corresponds to one of the peripherals, and
that peripheral’s output is mapped to the pin (see
Table  and Figure 12-3).

A null output is associated with the output register reset
value of ‘0’. This is done to ensure that remappable
outputs remain disconnected from all output pins by
default.

FIGURE 12-3: EXAMPLE OF 
MULTIPLEXING OF 
REMAPPABLE OUTPUT 
FOR RPA0

12.3.6 CONTROLLING CONFIGURATION 
CHANGES

Because peripheral remapping can be changed during
run time, some restrictions on peripheral remapping
are needed to prevent accidental configuration
changes. PIC32 devices include two features to
prevent alterations to the peripheral map:

• Control register lock sequence

• Configuration bit select lock

12.3.6.1 Control Register Lock Sequence

Under normal operation, writes to the RPnR and [pin
name]R registers are not allowed. Attempted writes
appear to execute normally, but the contents of the
registers remain unchanged. To change these regis-
ters, they must be unlocked in hardware. The regis-
ter lock is controlled by the Configuration bit,
IOLOCK (CFGCON<13>). Setting IOLOCK prevents
writes to the control registers; clearing IOLOCK
allows writes.

To set or clear the IOLOCK bit, an unlock sequence
must be executed. Refer to Section 6. “Oscillator”
(DS60001112) in the “PIC32 Family Reference
Manual” for details.

12.3.6.2 Configuration Bit Select Lock

As an additional level of safety, the device can be
configured to prevent more than one write session to
the RPnR and [pin name]R registers. The Configuration
bit, IOL1WAY (DEVCFG3<29>), blocks the IOLOCK bit
from being cleared after it has been set once. If
IOLOCK remains set, the register unlock procedure
does not execute, and the PPS control registers cannot
be written to. The only way to clear the bit and re-
enable peripheral remapping is to perform a device
Reset.

In the default (unprogrammed) state, IOL1WAY is set,
restricting users to one write session.

RPA0R<3:0>

0

15

1

Default

U1TX Output

U1RTS Output 2

14

Output Data
RPA0
 2016 Microchip Technology Inc. Advance Information DS60001404A-page 151
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/5 20/4 19/3 18/2 17/1 16/0

— — — — — 0000

— ANSB3 ANSB2 ANSB1 ANSB0 E00F

— — — — — 0000

B5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 FFFF

0000

5 RB4 RB3 RB2 RB1 RB0 xxxx

— — — — — 0000

B5 LATB4 LATB3 LATB2 LATB1 LATB0 xxxx

— — — — — 0000

B5 ODCB4 ODCB3 ODCB2 ODCB1 ODCB0 0000

— — — — — 0000

UB5 CNPUB4 CNPUB3 CNPUB2 CNPUB1 CNPUB0 0000

— — — — — 0000

DB5 CNPDB4 CNPDB3 CNPDB2 CNPDB1 CNPDB0 0000

— — — — — 0000

— — — — — 0000

— — — — — 0000

B5 CNIEB4 CNIEB3 CNIEB2 CNIEB1 CNIEB0 0000

— — — — — 0000

N
TB5

CN
STATB4

CN
STATB3

CN
STATB2

CN
STATB1

CN
STATB0

0000

ctively. See 12.2 “CLR, SET and INV Registers” for more 
TABLE 12-4: PORTB REGISTER MAP
V
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Bits

31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21

6100 ANSELB
31:16 — — — — — — — — — — —

15:0 ANSB15 ANSB14 ANSB13(3) ANSB12(2) — — — — — — —

6110 TRISB
31:16 — — — — — — — — — — —

15:0 TRISB15 TRISB14 TRISB13(3) TRISB12(2) TRISB11(2) TRISB10(2) TRISB9 TRISB8 TRISB7 TRISB6(2) TRIS

6120 PORTB
31:16 — — — — — — — — — — —

15:0 RB15 RB14 RB13(3) RB12(2) RB11(2) RB10(2) RB9 RB8 RB7 RC6(2) RB

6130 LATB
31:16 — — — — — — — — — — —

15:0 LATB15 LATB14 LATB13(3) LATB12(2) LATB11(2) LATB10(2) LATB9 LATB8 LATB7 LATB6(2) LAT

6140 ODCB
31:16 — — — — — — — — — — —

15:0 ODCB15 ODCB14 ODCB13(3) ODCB12(2) ODCB11(2) ODCB10(2) ODCB9 ODCB8 ODCB7 ODCB6 ODC

6150 CNPUB
31:16 — — — — — — — — — — —

15:0 CNPUB15 CNPUB14 CNPUB13(3) CNPUB12(2) CNPUB11(2) CNPUB10(2) CNPUB9 CNPUB8 CNPUB7 CNPUB6(2) CNP

6160 CNPDB
31:16 — — — — — — — — — — —

15:0 CNPDB15 CNPDB14 CNPDB13 CNPDB12(2) CNPDB11(2) CNPDB10(2) CNPDB9 CNPDB8 CNPDB7 CNPDB6(2) CNP

6170 CNCONB
31:16 — — — — — — — — — — —

15:0 ON — SIDL — — — — — — — —

6180 CNENB
31:16 — — — — — — — — — — —

15:0 CNIEB15 CNIEB14 CNIEB13(3) CNIEB11(2) CNIEB11(2) CNIEB10(2) CNIEB9 CNIEB8 CNIEB7 CNIEB6(2) CNIE

6190 CNSTATB

31:16 — — — — — — — — — — —

15:0
CN

STATB15
CN

STATB14
CN

STATB13(3)
CN

STATB12(2)
CN

STATB11(2)
CN

STATB10(2)
CN

STATB9
CN

STATB8
CN

STATB7
CN

STATB6(2)
C

STA

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, respe
information.

2: This bit is not available on USB devices.
3: This bit is not available on VBAT devices.
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— — — — 0000

RPB7<3:0> 0000

— — — — 0000

RPB8<3:0> 0000

— — — — 0000

RPB9<3:0> 0000

— — — — 0000

RPB10<3:0> 0000

— — — — 0000

RPB11<3:0> 0000

— — — — 0000

RPB13<3:0> 0000

— — — — 0000

RPB14<3:0> 0000

— — — — 0000

RPB15<3:0> 0000

— — — — 0000

RPC0<3:0> 0000

— — — — 0000

RPC1<3:0> 0000

— — — — 0000

RPC2<3:0> 0000

— — — — 0000

RPC3<3:0> 0000

— — — — 0000

RPC4<3:0> 0000

— — — — 0000

RPC5<3:0> 0000

T

A
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/4 19/3 18/2 17/1 16/0
FB48 RPB7R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB4C RPB8R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB50 RPB9R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB54 RPB10R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB58 RPB11R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB60 RPB13R(3)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB64 RPB14R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB68 RPB15R
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB6C RPC0R(1)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB70 RPC1R(1)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB74 RPC2R(1)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB78 RPC3R(1)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB7C RPC4R(1)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

FB80 RPC5R(1)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

ABLE 12-7: PERIPHERAL PIN SELECT OUTPUT REGISTER MAP (CONTINUED)
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Bits

31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: This register is only available on 44-pin devices.

2: This register is only available on USB devices.
3: This register is only available on VBAT devices.



PIC32MX1XX/2XX 28/44-PIN XLP FAMILY
REGISTER 14-1: TXCON: TYPE B TIMER CONTROL REGISTER

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
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

— — — — — — — —

15:8
R/W-0 U-0 R/W-0 U-0 U-0 U-0 U-0 U-0

ON(1,3) — SIDL(4) — — — — —

7:0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 U-0

TGATE(3) TCKPS<2:0>(3) T32(2) — TCS(3) —

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 ON: Timer On bit(1,3)

1 = Module is enabled
0 = Module is disabled

bit 14 Unimplemented: Read as ‘0’

bit 13 SIDL: Stop in Idle Mode bit(4)

1 = Discontinue module operation when the device enters Idle mode
0 = Continue module operation when the device enters Idle mode

bit 12-8 Unimplemented: Read as ‘0’

bit 7 TGATE: Timer Gated Time Accumulation Enable bit(3)

When TCS = 1:
This bit is ignored and is read as ‘0’.

When TCS = 0:
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled

bit 6-4 TCKPS<2:0>: Timer Input Clock Prescale Select bits(3)

111 = 1:256 prescale value
110 = 1:64 prescale value
101 = 1:32 prescale value
100 = 1:16 prescale value
011 = 1:8 prescale value
010 = 1:4 prescale value
001 = 1:2 prescale value
000 = 1:1 prescale value

Note 1: 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.

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

3: 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.

4: While operating in 32-bit mode, this bit must be cleared on odd numbered timers to enable the 32-bit timer 
in Idle mode.
DS60001404A-page 170 Advance Information  2016 Microchip Technology Inc.



PIC32MX1XX/2XX 28/44-PIN XLP FAMILY
bit 7 GCEN: General Call Enable bit (when operating as I2C slave)

1 = Enable interrupt when a general call address is received in the I2CxRSR
(module is enabled for reception)

0 = General call address is disabled

bit 6 STREN: SCLx Clock Stretch Enable bit (when operating as I2C slave)

Used in conjunction with SCLREL bit.
1 = Enable software or receive clock stretching
0 = Disable software or receive clock stretching

bit 5 ACKDT: Acknowledge Data bit (when operating as I2C master, applicable during master receive)

Value that is transmitted when the software initiates an Acknowledge sequence.
1 = Send a NACK during an Acknowledge sequence
0 = Send an ACK during an Acknowledge sequence

bit 4 ACKEN: Acknowledge Sequence Enable bit (when operating as I2C master, applicable during master 
receive)

1 = Initiate Acknowledge sequence on SDAx and SCLx pins and transmit ACKDT data bit. 
Hardware clear at end of master Acknowledge sequence.

0 = Acknowledge sequence not in progress

bit 3 RCEN: Receive Enable bit (when operating as I2C master)

1 = Enables Receive mode for I2C. Hardware clear at end of eighth bit of master receive data byte.
0 = Receive sequence not in progress

bit 2 PEN: Stop Condition Enable bit (when operating as I2C master)

1 = Initiate Stop condition on SDAx and SCLx pins. Hardware clear at end of master Stop sequence.
0 = Stop condition not in progress

bit 1 RSEN: Repeated Start Condition Enable bit (when operating as I2C master)

1 = Initiate Repeated Start condition on SDAx and SCLx pins. Hardware clear at end of 
master Repeated Start sequence.

0 = Repeated Start condition not in progress

bit 0 SEN: Start Condition Enable bit (when operating as I2C master)

1 = Initiate Start condition on SDAx and SCLx pins. Hardware clear at end of master Start sequence.
0 = Start condition not in progress

REGISTER 20-1: I2CXCON: I2C CONTROL REGISTER (CONTINUED)

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.
 2016 Microchip Technology Inc. Advance Information DS60001404A-page 199
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20/4 19/3 18/2 17/1 16/0

— — — — — 0000

— CS1P — WRSP RDSP 0000

— — — — — 0000

WAITM<3:0> WAITE<1:0> 0000

— — — — — 0000

0000

0000

0000

0000

0000

— — — — — 0000

0000

— — — — — 0000

— OB3E OB2E OB1E OB0E 008F

— — — — — 0000

> 0000

— — — — — 0000

> 0000

— — — — — 0000

0000

ctively. See 12.2 “CLR, SET and INV Registers” for more 
22.1 PMP Control Registers

TABLE 22-1: PARALLEL MASTER PORT REGISTER MAP
V
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Bits

31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5

7000 PMCON
31:16 — — — — — — — — RDSTART — —

15:0 ON — SIDL ADRMUX<1:0> PMPTTL PTWREN PTRDEN CSF<1:0> ALP

7010 PMMODE
31:16 — — — — — — — — — — —

15:0 BUSY IRQM<1:0> INCM<1:0> — MODE<1:0> WAITB<1:0>

7020 PMADDR
31:16 — — — — — — — — — — —

15:0 — CS1 — — — ADDR<10:0>

7030 PMDOUT
31:16

DATAOUT<31:0>
15:0

7040 PMDIN
31:16

DATAIN<31:0>
15:0

7050 PMAEN
31:16 — — — — — — — — — — —

15:0 — PTEN14 — — — PTEN<10:0>

7060 PMSTAT
31:16 — — — — — — — — — — —

15:0 IBF IBOV — — IB3F IB2F IB1F IB0F OBE OBUF —

7070 PMWADDR
31:16 — — — — — — — — — — —

15:0 — WCS1 — — — WADDR<10:0

7080 PMRADDR
31:16 — — — — — — — — — — —

15:0 — RCS1 — — — RADDR<10:0

7090 PMRDIN
31:16 — — — — — — — — — — —

15:0 RDATAIN<15:0>

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, respe
information.



PIC32MX1XX/2XX 28/44-PIN XLP FAMILY
REGISTER 22-8: PMRDIN: PARALLEL PORT READ INPUT DATA REGISTER  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
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

— — — — — — — —

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

RDATAIN<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

RDATAIN<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 RDATAIN<15:0>: Port Read Input Data bits

Note: This register is only used when the DUALBUF bit (PMCON<17>) is set to ‘1’ and exclusively for reads. If the
DUALBUF bit is ‘0’, the PMDIN register is used for reads instead of PMRDIN.
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REGISTER 23-5: ALRMTIME: ALARM TIME VALUE REGISTER

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— — HR10<1:0> HR01<3:0>

23:16
U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— MIN10<2:0> MIN01<3:0>

15:8
U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— SEC10<2:0> SEC01<3:0>

7:0
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 31-30 Unimplemented: Read as ‘0’

bit 29-28 HR10<1:0>: Binary Coded Decimal value of hours bits, 10s place digit; contains a value from 0 to 2

bit 27-24 HR01<3:0>: Binary Coded Decimal value of hours bits, 1s place digit; contains a value from 0 to 9

bit 23 Unimplemented: Read as ‘0’

bit 22-20 MIN10<2:0>: Binary Coded Decimal value of minutes bits, 10s place digit; contains a value from 0 to 5

bit 19-16 MIN01<3:0>: Binary Coded Decimal value of minutes bits, 1s place digit; contains a value from 0 to 9

bit 15 Unimplemented: Read as ‘0’

bit 14-12 SEC10<2:0>: Binary Coded Decimal value of seconds bits, 10s place digit; contains a value from 0 to 5

bit 11-8 SEC01<3:0>: Binary Coded Decimal value of seconds bits, 1s place digit; contains a value from 0 to 9

bit 7-0 Unimplemented: Read as ‘0’
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bit 3-0 HLVDL<3:0>: High/Low-Voltage Detection Limit Select bits(1)

1111 = External LVDIN pin
1110 = Reserved; do not use
1101 = Reserved; do not use
1100 = Reserved; do not use
1011 = Reserved; do not use
1010 = Selects Trip Point 10
1001 = Selects Trip Point 9
1000 = Selects Trip Point 8
0111 = Selects Trip Point 7
0110 = Selects Trip Point 6
0101 = Selects Trip Point 5
0100 = Selects Trip Point 4
0011 = Reserved; do not use
0010 = Reserved; do not use
0001 = Reserved; do not use
0000 = Reserved; do not use

REGISTER 27-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER

Note 1: To avoid false HLVD events, all HLVD module setting changes should occur only when the module is 
disabled (ON = 0). See Table 33-6 in the “Electrical Characteristics” chapter for the actual trip points.
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28.0 CHARGE TIME 
MEASUREMENT UNIT (CTMU) 

The Charge Time Measurement Unit (CTMU) is a flex-
ible analog module that has a configurable current
source with a digital configuration circuit built around it.
The CTMU can be used for differential time measure-
ment between pulse sources and can be used for gen-
erating an asynchronous pulse. By working with other
on-chip analog modules, the CTMU can be used for
high resolution time measurement, measure capaci-
tance, measure relative changes in capacitance or
generate output pulses with a specific time delay. The
CTMU is ideal for interfacing with capacitive-based
sensors.

The CTMU module includes the following key features:

• Up to 13 channels available for capacitive or time 
measurement input

• On-chip precision current source

• 16-edge input trigger sources

• Selection of edge or level-sensitive inputs

• Polarity control for each edge source

• Control of edge sequence

• Control of response to edges

• High precision time measurement

• Time delay of external or internal signal asynchro-
nous to system clock

• Integrated temperature sensing diode

• Control of current source during auto-sampling

• Four current source ranges

• Time measurement resolution of one nanosecond

A block diagram of the CTMU is shown in Figure 28-1.

 

FIGURE 28-1: CTMU BLOCK DIAGRAM

Note: This data sheet summarizes the features
of the PIC32MX1XX/2XX 28/44-pin XLP
Family of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to Section 37. “Charge Time
Measurement Unit (CTMU)”
(DS60001167), which is available from the
Documentation > Reference Manual
section of the Microchip PIC32 web site
(www.microchip.com/pic32).

CTED1

CTED13

Current Source

Edge
Control
Logic

CTMUCON1 or CTMUCON2

Pulse
Generator

CTMUI

Comparator 2

Timer1
OC1

Current
Control

ITRIM<5:0>
IRNG<1:0>

CTMUCON

CTMU
Control
Logic

EDG1STAT
EDG2STAT

ADC

CTPLSIC1-IC3
CMP1-CMP3

C2INB

CDelay

CTMUT

Temperature
Sensor

Current Control Selection TGEN EDG1STAT, EDG2STAT

CTMUT 0 EDG1STAT = EDG2STAT

CTMUI 0 EDG1STAT  EDG2STAT

CTMUP 1 EDG1STAT  EDG2STAT

No Connect 1 EDG1STAT = EDG2STAT

TriggerTGEN

CTMUP

External capacitor
for pulse generation

(To ADC S&H capacitor)

(To ADC)

PBCLK

•
•
•
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PIC32MX1XX/2XX 28/44-PIN XLP FAMILY
REGISTER 28-1: CTMUCON: CTMU CONTROL REGISTER
Bit 

Range
Bit

31/23/15/7
Bit

30/22/14/6
Bit

29/21/13/5
Bit

28/20/12/4
Bit

27/19/11/3
Bit

26/18/10/2
Bit

25/17/9/1
Bit

24/16/8/0

31:24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EDG1MOD EDG1POL EDG1SEL<3:0> EDG2STAT EDG1STAT

23:16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0

EDG2MOD EDG2POL EDG2SEL<3:0> — —

15:8
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

ON — CTMUSIDL TGEN(1) EDGEN EDGSEQEN IDISSEN(2) CTTRIG

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

ITRIM<5:0> IRNG<1:0>

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 EDG1MOD: Edge1 Edge Sampling Select bit

1 = Input is edge-sensitive
0 = Input is level-sensitive

bit 30 EDG1POL: Edge 1 Polarity Select bit

1 = Edge1 programmed for a positive edge response
0 = Edge1 programmed for a negative edge response

bit 29-26 EDG1SEL<3:0>: Edge 1 Source Select bits

1111 = C3OUT pin is selected
1110 = C2OUT pin is selected
1101 = C1OUT pin is selected
1100 = IC3 Capture Event is selected
1011 = IC2 Capture Event is selected
1010 = IC1 Capture Event is selected
1001 = CTED8 pin is selected
1000 = CTED7 pin is selected
0111 = CTED6 pin is selected
0110 = CTED5 pin is selected
0101 = CTED4 pin is selected
0100 = CTED3 pin is selected
0011 = CTED1 pin is selected
0010 = CTED2 pin is selected
0001 = OC1 Compare Event is selected
0000 = Timer1 Event is selected

bit 25 EDG2STAT: Edge2 Status bit 

Indicates the status of Edge2 and can be written to control edge source

1 = Edge2 has occurred
0 = Edge2 has not occurred

Note 1: When this bit is set for Pulse Delay Generation, the EDG2SEL<3:0> bits must be set to ‘1110’ to select 
C2OUT.

2: The ADC module Sample and Hold capacitor is not automatically discharged between sample/conversion 
cycles. Software using the ADC as part of a capacitive measurement, must discharge the ADC capacitor 
before conducting the measurement. The IDISSEN bit, when set to ‘1’, performs this function. The ADC 
module must be sampling while the IDISSEN bit is active to connect the discharge sink to the capacitor 
array.

3: Refer to the CTMU Current Source Specifications (Table 33-42) in 33.0 “Electrical Characteristics” for 
current values.

4: This bit setting is not available for the CTMU temperature diode.
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30.3 On-Chip Voltage Regulator

All PIC32MX1XX/2XX 28/44-pin XLP Family devices’
core and digital logic are designed to operate at a nom-
inal 1.8V. To simplify system designs, most devices in
the PIC32MX1XX/2XX 28/44-pin XLP Family family
incorporate an on-chip regulator providing the required
core logic voltage from VDD.

A low-ESR capacitor (such as tantalum) must be
connected to the VCAP pin (see Figure 30-1). This
helps to maintain the stability of the regulator. The
recommended value for the filter capacitor is provided
in 33.1 “DC Characteristics”.

30.3.1 ON-CHIP REGULATOR AND POR

It takes a fixed delay for the on-chip regulator to gener-
ate an output. During this time, designated as TPU,
code execution is disabled. TPU is applied every time
the device resumes operation after any power-down,
including Sleep mode.

30.3.2 ON-CHIP REGULATOR AND BOR

PIC32MX1XX/2XX 28/44-pin XLP Family devices also
have a simple brown-out capability. If the voltage
supplied to the regulator is inadequate to maintain a
regulated level, the regulator Reset circuitry will
generate a Brown-out Reset. This event is captured by
the BOR flag bit (RCON<1>). The brown-out voltage
levels are specific in 33.1 “DC Characteristics”.

FIGURE 30-1: CONNECTIONS FOR THE 
ON-CHIP REGULATOR

30.4 Programming and Diagnostics

PIC32MX1XX/2XX 28/44-pin XLP Family devices pro-
vide a complete range of programming and diagnostic
features that can increase the flexibility of any applica-
tion using them. These features allow system design-
ers to include:

• Simplified field programmability using two-wire 
In-Circuit Serial Programming™ (ICSP™) 
interfaces

• Debugging using ICSP

• Programming and debugging capabilities using 
the EJTAG extension of JTAG

• JTAG boundary scan testing for device and board 
diagnostics

PIC32 devices incorporate two programming and diag-
nostic modules, and a trace controller, that provide a
range of functions to the application developer.

Figure 30-2 illustrates a block diagram of the
programming, debugging, and trace ports.

FIGURE 30-2: BLOCK DIAGRAM OF 
PROGRAMMING, 
DEBUGGING AND TRACE 
PORTS

Note: It is important that the low-ESR capacitor
is placed as close as possible to the VCAP

pin.

VDD

VCAP

VSS

PIC32

CEFC(2,3)

3.3V(1)

Note 1: These are typical operating voltages. Refer to 
33.1 “DC Characteristics” for the full 
operating ranges of VDD.

2: It is important that the low-ESR capacitor is 
placed as close as possible to the VCAP pin.

3: The typical voltage on the VCAP pin is 1.8V.

(10 F typ)

TDI

TDO

TCK

TMS

JTAG
Controller

ICSP™
Controller

Core

JTAGEN DEBUG<1:0>

ICESEL

PGEC1

PGED1

PGEC4

PGED4
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32.11 Demonstration/Development 
Boards, Evaluation Kits, and 
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully
functional systems. Most boards include prototyping
areas for adding custom circuitry and provide applica-
tion firmware and source code for examination and
modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™
demonstration/development board series of circuits,
Microchip has a line of evaluation kits and demonstra-
tion software for analog filter design, KEELOQ® security
ICs, CAN, IrDA®, PowerSmart battery management,
SEEVAL® evaluation system, Sigma-Delta ADC, flow
rate sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.

32.12 Third-Party Development Tools

Microchip also offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

• Device Programmers and Gang Programmers 
from companies, such as SoftLog and CCS

• Software Tools from companies, such as Gimpel 
and Trace Systems

• Protocol Analyzers from companies, such as 
Saleae and Total Phase

• Demonstration Boards from companies, such as 
MikroElektronika, Digilent® and Olimex

• Embedded Ethernet Solutions from companies, 
such as EZ Web Lynx, WIZnet and IPLogika®
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PIC32MX1XX/2XX 28/44-PIN XLP FAMILY
TABLE 33-9: DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)  

DC
CHARACTERISTICS

Standard Operating Conditions: 2.5V to 3.6V (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +105°C for V-Temp 

Param. 
No.

Typical(2) Maximum Units Conditions

Power-Down Current (IPD) (Note 1)

DC40k — — µA -40°C

Sleep (Note 1)
DC40l 25 42 µA +25°C

DC40m 240 390 µA +85°C

DC40n — — µA +105°C

DC41k — — nA -40°C

Deep Sleep (Note 5)
DC41l 673 800 nA +25°C

DC41m — — nA +85°C

DC41n — — nA +105°C

DC42k — — nA -40°C

VBAT (Note 6)
DC42l — — nA +25°C

DC42m — — nA +85°C

DC42n — — nA +105°C

Module Differential Current

DC44a 5 — A 3.6V Watchdog Timer Current: IWDT (Note 3)

DC44b 23 — A 3.6V RTCC + Timer1 w/32 kHz Crystal: IRTCC + ITMR (Note 3)

DC44c 1000 — mA 3.6V ADC Current: IADC (Notes 3, 4)

DC44d 15 — µA 3.6V Deadman Timer Current: IDMT

DC44e 0.71 — µA 3.6V Deep Sleep Watchdog Timer Current: IDSWDT (Note 3)

DC44f 0.8 — µA 3.6V RTCC Current: IRTCC (Note 3)

Note 1: The test conditions for IPD current measurements are as follows:
• Oscillator mode is EC (for 8 MHz and below) and EC+PLL (for above 8 MHz) with OSC1 driven by 

external square wave from rail-to-rail, (OSC1 input clock input over/undershoot < 100 mV required)

• OSC2/CLKO is configured as an I/O input pin

• USB PLL is disabled (USBMD = 1), VUSB3V3 is connected to VSS

• CPU is in Sleep mode

• L1 Cache and Prefetch modules are disabled

• No peripheral modules are operating, (ON bit = 0), and the associated PMD bit is set. All clocks are 
disabled ON bit (PBxDIV<15>) = 0 (x 1,7)

• WDT, DMT, Clock Switching, Fail-Safe Clock Monitor, and Secondary Oscillator are disabled

• All I/O pins are configured as inputs and pulled to VSS

• MCLR = VDD

• RTCC and JTAG are disabled

• Voltage regulator is in Stand-by mode (VREGS = 0; IOANCPEN = 0)

2: Data in the “Typical” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guid-
ance only and are not tested.

3: The  current is the additional current consumed when the module is enabled. This current should be 
added to the base IPD current.

4: Voltage regulator is operational (VREGS = 1).

5: The test conditions for Deep Sleep mode current measurements are as follows:

• All I/O pins are configured as inputs and pulled to VSS

• DSBOREN, DSWDTEN, and DGPREN are set to ‘0’ and RTCDIS is set to ‘1’

6: The test conditions for VBAT mode current measurements is as follows:

• VBATBOREN is set to ‘0’
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TABLE 33-12: DC CHARACTERISTICS: I/O PIN OUTPUT SPECIFICATIONS  

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +105°C for V-temp

Param. Symbol Characteristic Min. Typ. Max. Units Conditions

DO10 VOL

Output Low Voltage

I/O Pins
— — 0.4 V IOL  10 mA, VDD = 3.3V

DO20 VOH

Output High Voltage

I/O Pins

1.5(1) — —

V

IOH  -14 mA, VDD = 3.3V

2.0(1) — — IOH  -12 mA, VDD = 3.3V

2.4 — — IOH  -10 mA, VDD = 3.3V

3.0(1) — — IOH  -7 mA, VDD = 3.3V

Note 1: Parameters are characterized, but not tested.
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TABLE 33-37: ANALOG-TO-DIGITAL CONVERSION TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +105°C for V-temp

Param. 
No.

Symbol Characteristics Min. Typical(1) Max. Units Conditions

Clock Parameters

AD50 TAD ADC Clock Period(2) 65 — — ns See Table 33-36

Conversion Rate

AD55 TCONV Conversion Time — 12 TAD — — —

AD56 FCNV Throughput Rate 
(Sampling Speed)

— — 1000 ksps AVDD = 3.0V to 3.6V

— — 400 ksps AVDD = 2.0V to 3.6V

AD57 TSAMP Sample Time 1 TAD — — — TSAMP must be  132 ns

Timing Parameters

AD60 TPCS Conversion Start from Sample
Trigger(3)

— 1.0 TAD — — Auto-Convert Trigger 
(SSRC<2:0> = 111) 
not selected

AD61 TPSS Sample Start from Setting
Sample (SAMP) bit

0.5 TAD — 1.5 TAD — —

AD62 TCSS Conversion Completion to
Sample Start (ASAM = 1)(3)

— 0.5 TAD — — —

AD63 TDPU Time to Stabilize Analog Stage 
from ADC Off to ADC On(3)

— — 2 s —

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

2: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity 
performance, especially at elevated temperatures.

3: Characterized by design but not tested.

4: The ADC module is functional at VBORMIN < VDD < 2.0V, but with degraded performance. Unless otherwise 
stated, module functionality is tested, but not characterized.
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