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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 28/36/44-PIN FAMILY
Pin Diagrams

TABLE 3: PIN NAMES FOR 28-PIN GENERAL PURPOSE DEVICES

Pin # Full Pin Name Pin # Full Pin Name

1 MCLR 15 PGEC3/RPB6/PMD6/RB6

2 VREF+/CVREF+/AN0/C3INC/RPA0/CTED1/RA0 16 TDI/RPB7/CTED3/PMD5/INT0/RB7

3 VREF-/CVREF-/AN1/RPA1/CTED2/RA1 17 TCK/RPB8/SCL1/CTED10/PMD4/RB8

4 PGED1/AN2/C1IND/C2INB/C3IND/RPB0/RB0 18 TDO/RPB9/SDA1/CTED4/PMD3/RB9

5 PGEC1/AN3/C1INC/C2INA/RPB1/CTED12/RB1 19 VSS

6 AN4/C1INB/C2IND/RPB2/SDA2/CTED13/RB2 20 VCAP

7 AN5/C1INA/C2INC/RTCC/RPB3/SCL2/RB3 21 PGED2/RPB10/CTED11/PMD2/RB10

8 VSS 22 PGEC2/TMS/RPB11/PMD1/RB11

9 OSC1/CLKI/RPA2/RA2 23 AN12/PMD0/RB12

10 OSC2/CLKO/RPA3/PMA0/RA3 24 AN11/RPB13/CTPLS/PMRD/RB13

11 SOSCI/RPB4/RB4 25 CVREFOUT/AN10/C3INB/RPB14/SCK1/CTED5/PMWR/RB14

12 SOSCO/RPA4/T1CK/CTED9/PMA1/RA4 26 AN9/C3INA/RPB15/SCK2/CTED6/PMCS1/RB15

13 VDD 27 AVSS

14 PGED3/RPB5/PMD7/RB5 28 AVDD

Note 1: The RPn pins can be used by remappable peripherals. See Table 1 for the available peripherals and Section 11.3 “Peripheral Pin 
Select” for restrictions.

2: Every I/O port pin (RAx-RCx) can be used as a change notification pin (CNAx-CNCx). See Section 11.0 “I/O Ports” for more information.
3: Shaded pins are 5V tolerant.

PIC32MX110F016B
PIC32MX120F032B
PIC32MX130F064B
PIC32MX130F256B
PIC32MX150F128B

28-PIN SOIC, SPDIP, SSOP (TOP VIEW)(1,2,3)

28

SPDIPSOIC

PIC32MX170F256B

SSOP

1281 281
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY
TABLE 7: PIN NAMES FOR 36-PIN GENERAL PURPOSE DEVICES

Pin # Full Pin Name Pin # Full Pin Name

1 AN4/C1INB/C2IND/RPB2/SDA2/CTED13/RB2 19 TDO/RPB9/SDA1/CTED4/PMD3/RB9

2 AN5/C1INA/C2INC/RTCC/RPB3/SCL2/RB3 20 RPC9/CTED7/RC9

3 PGED4(4)/AN6/RPC0/RC0 21 VSS

4 PGEC4(4)/AN7/RPC1/RC1 22 VCAP

5 VDD 23 VDD

6 VSS 24 PGED2/RPB10/CTED11/PMD2/RB10

7 OSC1/CLKI/RPA2/RA2 25 PGEC2/TMS/RPB11/PMD1/RB11

8 OSC2/CLKO/RPA3/PMA0/RA3 26 AN12/PMD0/RB12

9 SOSCI/RPB4/RB4 27 AN11/RPB13/CTPLS/PMRD/RB13

10 SOSCO/RPA4/T1CK/CTED9/PMA1/RA4 28 CVREFOUT/AN10/C3INB/RPB14/SCK1/CTED5/PMWR/RB14

11 RPC3/RC3 29 AN9/C3INA/RPB15/SCK2/CTED6/PMCS1/RB15

12 VSS 30 AVSS

13 VDD 31 AVDD

14 VDD 32 MCLR

15 PGED3/RPB5/PMD7/RB5 33 VREF+/CVREF+/AN0/C3INC/RPA0/CTED1/RA0

16 PGEC3/RPB6/PMD6/RB6 34 VREF-/CVREF-/AN1/RPA1/CTED2/RA1

17 TDI/RPB7/CTED3/PMD5/INT0/RB7 35 PGED1/AN2/C1IND/C2INB/C3IND/RPB0/RB0

18 TCK/RPB8/SCL1/CTED10/PMD4/RB8 36 PGEC1/AN3/C1INC/C2INA/RPB1/CTED12/RB1

Note 1: The RPn pins can be used by remappable peripherals. See Table 1 for the available peripherals and Section 11.3 “Peripheral Pin 
Select” for restrictions.

2: Every I/O port pin (RAx-RCx) can be used as a change notification pin (CNAx-CNCx). See Section 11.0 “I/O Ports” for more information.
3: The metal plane at the bottom of the device is not connected to any pins and is recommended to be connected to VSS externally.
4: This pin function is not available on PIC32MX110F016C and PIC32MX120F032C devices.
5: Shaded pins are 5V tolerant.

PIC32MX110F016C
PIC32MX120F032C
PIC32MX130F064C
PIC32MX150F128C

36-PIN VTLA (TOP VIEW)(1,2,3,5)

1

36
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY
OC1 PPS PPS PPS PPS O — Output Compare Output 1

OC2 PPS PPS PPS PPS O — Output Compare Output 2

OC3 PPS PPS PPS PPS O — Output Compare Output 3

OC4 PPS PPS PPS PPS O — Output Compare Output 4

OC5 PPS PPS PPS PPS O — Output Compare Output 5

OCFA PPS PPS PPS PPS I ST Output Compare Fault A Input

OCFB PPS PPS PPS PPS I ST Output Compare Fault B Input

INT0 13 16 17 43 I ST External Interrupt 0

INT1 PPS PPS PPS PPS I ST External Interrupt 1

INT2 PPS PPS PPS PPS I ST External Interrupt 2

INT3 PPS PPS PPS PPS I ST External Interrupt 3

INT4 PPS PPS PPS PPS I ST External Interrupt 4

RA0 27 2 33 19 I/O ST PORTA is a bidirectional I/O port

RA1 28 3 34 20 I/O ST

RA2 6 9 7 30 I/O ST

RA3 7 10 8 31 I/O ST

RA4 9 12 10 34 I/O ST

RA7 — — — 13 I/O ST

RA8 — — — 32 I/O ST

RA9 — — — 35 I/O ST

RA10 — — — 12 I/O ST

RB0 1 4 35 21 I/O ST PORTB is a bidirectional I/O port

RB1 2 5 36 22 I/O ST

RB2 3 6 1 23 I/O ST

RB3 4 7 2 24 I/O ST

RB4 8 11 9 33 I/O ST

RB5 11 14 15 41 I/O ST

RB6 12(2) 15(2) 16(2) 42(2) I/O ST

RB7 13 16 17 43 I/O ST

RB8 14 17 18 44 I/O ST

RB9 15 18 19 1 I/O ST

RB10 18 21 24 8 I/O ST

RB11 19 22 25 9 I/O ST

RB12 20(2) 23(2) 26(2) 10(2) I/O ST

RB13 21 24 27 11 I/O ST

RB14 22 25 28 14 I/O ST

RB15 23 26 29 15 I/O ST

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

Pin Name

Pin Number(1)

Pin
Type

Buffer
Type

Description28-pin 
QFN

28-pin 
SSOP/
SPDIP/
SOIC

36-pin 
VTLA

44-pin 
QFN/

TQFP/
VTLA

Legend: CMOS = CMOS compatible input or output Analog = Analog input P = Power
ST = Schmitt Trigger input with CMOS levels O = Output I = Input                      
TTL = TTL input buffer PPS = Peripheral Pin Select — = N/A

Note 1: Pin numbers are provided for reference only. See the “Pin Diagrams” section for device pin availability.

2: Pin number for PIC32MX1XX devices only.

3: Pin number for PIC32MX2XX devices only.
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USBIP<2:0>(2) USBIS<1:0>(2) 0000

CMP2IP<2:0> CMP2IS<1:0> 0000

CNIP<2:0> CNIS<1:0> 0000

U1IP<2:0> U1IS<1:0> 0000

I2C2IP<2:0> I2C2IS<1:0> 0000

SPI2IP<2:0> SPI2IS<1:0> 0000

DMA2IP<2:0> DMA2IS<1:0> 0000

DMA0IP<2:0> DMA0IS<1:0> 0000

T
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20/4 19/3 18/2 17/1 16/0

0x4 0x8 and 0xC, respectively. See Section 11.2 “CLR, 
1100 IPC7
31:16 — — — SPI1IP<2:0> SPI1IS<1:0> — — —

15:0 — — — CMP3IP<2:0> CMP3IS<1:0> — — —

1110 IPC8
31:16 — — — PMPIP<2:0> PMPIS<1:0> — — —

15:0 — — — I2C1IP<2:0> I2C1IS<1:0> — — —

1120 IPC9
31:16 — — — CTMUIP<2:0> CTMUIS<1:0> — — —

15:0 — — — U2IP<2:0> U2IS<1:0> — — —

1130 IPC10
31:16 — — — DMA3IP<2:0> DMA3IS<1:0> — — —

15:0 — — — DMA1IP<2:0> DMA1IS<1:0> — — —

ABLE 7-2: INTERRUPT REGISTER MAP (CONTINUED)
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

Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1: 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 
SET and INV Registers” for more information.

2: These bits are not available on PIC32MX1XX devices.
3: This register does not have associated CLR, SET, INV registers.



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
bit 9-8 IS01<1:0>: Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

bit 7-5 Unimplemented: Read as ‘0’

bit 4-2 IP00<2:0>: Interrupt Priority bits

111 = Interrupt priority is 7
•
•
•

010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 1-0 IS00<1:0>: Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

REGISTER 7-6: IPCx: INTERRUPT PRIORITY CONTROL REGISTER (CONTINUED)

Note: This register represents a generic definition of the IPCx register. Refer to Table 7-1 for the exact bit
definitions.
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY
FIGURE 8-1: OSCILLATOR DIAGRAM 

Timer1, RTCC

Clock Control Logic

Fail-Safe
Clock

Monitor

FSCM INT

FSCM Event

COSC<2:0>
NOSC<2:0>

OSWENFSCMEN<1:0>

PLL

Secondary Oscillator (SOSC)

SOSCEN and FSOSCEN

SOSCO

SOSCI

Primary Oscillator (POSC)

POSC (XT, HS, EC)

CPU and Select Peripherals

Peripherals

FRCDIV<2:0>

WDT, PWRT

8 MHz typical

FRC

31.25 kHz typical

FRC
Oscillator

LPRC
Oscillator

SOSC

LPRC

FRCDIV

TUN<5:0>

div 16

Postscaler

FPLLIDIV<2:0>

PBDIV<1:0>

FRC/16

Postscaler

COSC<2:0>

FIN
div x

div y

PLLODIV<2:0>

div x

32.768 kHz

PLLMULT<2:0>

PBCLK (TPB)

UFIN 4 MHz

PLL x24

USB Clock (48 MHz)

div 2

UPLLEN

UFRCEN
div x

UPLLIDIV<2:0>

UFIN

4 MHz FIN 5 MHz

C1(2)

C2(2)

XTAL

RS(1)

XT

Notes: 1. A series resistor, RS, may be required for AT strip cut crystals or eliminate clipping. Alternately, to increase oscillator circuit gain, 
add a parallel resistor, RP, with a value of 1 M

2. Refer to Section 6. “Oscillator Configuration” (DS60001112) in the “PIC32 Family Reference Manual” for help in determining the 
best oscillator components.

3. The PBCLK out is only available on the OSC2 pin in certain clock modes.
4. The USB PLL is only available on PIC32MX2XX devices.

OSC2(3)

OSC1

To Internal
Logic

USB PLL(4)

div 2

To ADC

SYSCLK

REFCLKI

REFCLKO

OE

To SPI

ROSEL<3:0>

POSC

FRC
LPRC
SOSC

PBCLK
SYSCLK

XTPLL, HSPLL,
ECPLL, FRCPLL

2 N M
512
----------+ 

 

RODIV<14:0>
(N)

ROTRIM<8:0>
(M)

RP(1)

System PLL

HS 3x 1x
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— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

CHPDAT<7:0> 0000

— — — — — 0000

CHAEN — CHEDET CHPRI<1:0> 0000

CHAIRQ<7:0> 00FF

SIRQEN AIRQEN — — — FF00

CHDHIE CHBCIE CHCCIE CHTAIE CHERIE 0000

CHDHIF CHBCIF CHCCIF CHTAIF CHERIF 0000

0000

0000

0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000

— — — — — 0000

0000
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20/4 19/3 18/2 17/1 16/0

ctively. See Section 11.2 “CLR, SET and INV Registers” for 
3170 DCH1SSIZ
31:16 — — — — — — — — — — —

15:0 CHSSIZ<15:0>

3180 DCH1DSIZ
31:16 — — — — — — — — — — —

15:0 CHDSIZ<15:0>

3190 DCH1SPTR
31:16 — — — — — — — — — — —

15:0 CHSPTR<15:0>

31A0 DCH1DPTR
31:16 — — — — — — — — — — —

15:0 CHDPTR<15:0>

31B0 DCH1CSIZ
31:16 — — — — — — — — — — —

15:0 CHCSIZ<15:0>

31C0 DCH1CPTR
31:16 — — — — — — — — — — —

15:0 CHCPTR<15:0>

31D0 DCH1DAT
31:16 — — — — — — — — — — —

15:0 — — — — — — — —

31E0 DCH2CON
31:16 — — — — — — — — — — —

15:0 CHBUSY — — — — — — CHCHNS CHEN CHAED CHCHN

31F0 DCH2ECON
31:16 — — — — — — — —

15:0 CHSIRQ<7:0> CFORCE CABORT PATEN

3200 DCH2INT
31:16 — — — — — — — — CHSDIE CHSHIE CHDDIE

15:0 — — — — — — — — CHSDIF CHSHIF CHDDIF

3210 DCH2SSA
31:16

CHSSA<31:0>
15:0

3220 DCH2DSA
31:16

CHDSA<31:0>
15:0

3230 DCH2SSIZ
31:16 — — — — — — — — — — —

15:0 CHSSIZ<15:0>

3240 DCH2DSIZ
31:16 — — — — — — — — — — —

15:0 CHDSIZ<15:0>

3250 DCH2SPTR
31:16 — — — — — — — — — — —

15:0 CHSPTR<15:0>

3260 DCH2DPTR
31:16 — — — — — — — — — — —

15:0 CHDPTR<15:0>

3270 DCH2CSIZ
31:16 — — — — — — — — — — —

15:0 CHCSIZ<15:0>

TABLE 9-3: DMA CHANNELS 0-3 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

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
more information.



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
 

REGISTER 10-7: U1IE: USB INTERRUPT ENABLE 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 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

STALLIE ATTACHIE RESUMEIE IDLEIE TRNIE SOFIE UERRIE(1) URSTIE(2)

DETACHIE(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 31-8 Unimplemented: Read as ‘0’

bit 7 STALLIE: STALL Handshake Interrupt Enable bit

1 = STALL interrupt is enabled
0 = STALL interrupt is disabled

bit 6 ATTACHIE: ATTACH Interrupt Enable bit

1 = ATTACH interrupt is enabled
0 = ATTACH interrupt is disabled

bit 5 RESUMEIE: RESUME Interrupt Enable bit

1 = RESUME interrupt is enabled
0 = RESUME interrupt is disabled

bit 4 IDLEIE: Idle Detect Interrupt Enable bit

1 = Idle interrupt is enabled
0 = Idle interrupt is disabled

bit 3 TRNIE: Token Processing Complete Interrupt Enable bit

1 = TRNIF interrupt is enabled
0 = TRNIF interrupt is disabled

bit 2 SOFIE: SOF Token Interrupt Enable bit

1 = SOFIF interrupt is enabled
0 = SOFIF interrupt is disabled

bit 1 UERRIE: USB Error Interrupt Enable bit(1)

1 = USB Error interrupt is enabled
0 = USB Error interrupt is disabled

bit 0 URSTIE: USB Reset Interrupt Enable bit(2)

1 = URSTIF interrupt is enabled
0 = URSTIF interrupt is disabled

DETACHIE: USB Detach Interrupt Enable bit(3)

1 = DATTCHIF interrupt is enabled
0 = DATTCHIF interrupt is disabled

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

2: Device mode.

3: Host mode.
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— — — — — 0000

:0> — TSYNC TCS — 0000

— — — — — 0000

0000

— — — — — 0000

FFFF

ctively. See Section 11.2 “CLR, SET and INV Registers” for 
12.2 Timer1 Control Registers 

TABLE 12-1: TIMER1 REGISTER MAP
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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

0600 T1CON
31:16 — — — — — — — — — — —

15:0 ON — SIDL TWDIS TWIP — — — TGATE — TCKPS<1

0610 TMR1
31:16 — — — — — — — — — — —

15:0 TMR1<15:0>

0620 PR1
31:16 — — — — — — — — — — —

15:0 PR1<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
more information.
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— — — — — 0000

PS<4:0> WDTWINEN WDTCLR 0000

ectively. See Section 11.2 “CLR, SET and INV Registers” for 
14.1 Watchdog Timer Control Registers 

TABLE 14-1: WATCHDOG TIMER CONTROL REGISTER MAP
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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 2

0000 WDTCON
31:16 — — — — — — — — — — —

15:0 ON — — — — — — — — SWDT

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, resp
more information.
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bit 3 SPITBE: SPI Transmit Buffer Empty Status bit

1 = Transmit buffer, SPIxTXB is empty
0 = Transmit buffer, SPIxTXB is not empty

Automatically set in hardware when SPI transfers data from SPIxTXB to SPIxSR.

Automatically cleared in hardware when SPIxBUF is written to, loading SPIxTXB.

bit 2 Unimplemented: Read as ‘0’

bit 1 SPITBF: SPI Transmit Buffer Full Status bit

1 = Transmit not yet started, SPITXB is full
0 = Transmit buffer is not full

Standard Buffer Mode:

Automatically set in hardware when the core writes to the SPIBUF location, loading SPITXB.
Automatically cleared in hardware when the SPI module transfers data from SPITXB to SPISR.

Enhanced Buffer Mode:

Set when CWPTR + 1 = SRPTR; cleared otherwise

bit 0 SPIRBF: SPI Receive Buffer Full Status bit

1 = Receive buffer, SPIxRXB is full
0 = Receive buffer, SPIxRXB is not full

Standard Buffer Mode:

Automatically set in hardware when the SPI module transfers data from SPIxSR to SPIxRXB.
Automatically cleared in hardware when SPIxBUF is read from, reading SPIxRXB.

Enhanced Buffer Mode:

Set when SWPTR + 1 = CRPTR; cleared otherwise

REGISTER 17-3: SPIxSTAT: SPI STATUS REGISTER
DS60001168J-page 172  2011-2016 Microchip Technology Inc.



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
REGISTER 21-5: 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’
 2011-2016 Microchip Technology Inc. DS60001168J-page 207



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
NOTES:
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26.0 POWER-SAVING FEATURES 

This section describes power-saving features for the
PIC32MX1XX/2XX 28/36/44-pin Family. The PIC32
devices offer a total of nine methods and modes,
organized into two categories, that allow the user to
balance power consumption with device performance. In
all of the methods and modes described in this section,
power-saving is controlled by software.

26.1 Power Saving with CPU Running

When the CPU is running, power consumption can be
controlled by reducing the CPU clock frequency,
lowering the PBCLK and by individually disabling
modules. These methods are grouped into the
following categories:

• FRC Run mode: the CPU is clocked from the FRC 
clock source with or without postscalers

• LPRC Run mode: the CPU is clocked from the 
LPRC clock source

• SOSC Run mode: the CPU is clocked from the 
SOSC clock source

In addition, the Peripheral Bus Scaling mode is available
where peripherals are clocked at the programmable
fraction of the CPU clock (SYSCLK).

26.2 CPU Halted Methods

The device supports two power-saving modes, Sleep
and Idle, both of which Halt the clock to the CPU. These
modes operate with all clock sources, as follows:

• POSC Idle mode: the system clock is derived from 
the POSC. The system clock source continues to 
operate. Peripherals continue to operate, but can 
optionally be individually disabled.

• FRC Idle mode: the system clock is derived from 
the FRC with or without postscalers. Peripherals 
continue to operate, but can optionally be 
individually disabled.

• SOSC Idle mode: the system clock is derived from 
the SOSC. Peripherals continue to operate, but 
can optionally be individually disabled.

• LPRC Idle mode: the system clock is derived from 
the LPRC. Peripherals continue to operate, but 
can optionally be individually disabled. This is the 
lowest power mode for the device with a clock 
running.

• Sleep mode: the CPU, the system clock source 
and any peripherals that operate from the system 
clock source are Halted. Some peripherals can 
operate in Sleep using specific clock sources. 
This is the lowest power mode for the device.

26.3 Power-Saving Operation

Peripherals and the CPU can be Halted or disabled to
further reduce power consumption. 

26.3.1 SLEEP MODE

Sleep mode has the lowest power consumption of the
device power-saving operating modes. The CPU and
most peripherals are Halted. Select peripherals can
continue to operate in Sleep mode and can be used to
wake the device from Sleep. See the individual
peripheral module sections for descriptions of
behavior in Sleep.

Sleep mode includes the following characteristics: 

• The CPU is halted

• The system clock source is typically shutdown. 
See Section 26.3.3 “Peripheral Bus Scaling 
Method” for specific information. 

• There can be a wake-up delay based on the 
oscillator selection

• The Fail-Safe Clock Monitor (FSCM) does not 
operate during Sleep mode

• The BOR circuit remains operative during Sleep 
mode

• The WDT, if enabled, is not automatically cleared 
prior to entering Sleep mode 

• Some peripherals can continue to operate at 
limited functionality in Sleep mode. These 
peripherals include I/O pins that detect a change 
in the input signal, WDT, ADC, UART and 
peripherals that use an external clock input or the 
internal LPRC oscillator (e.g., RTCC, Timer1 and 
Input Capture).

• I/O pins continue to sink or source current in the 
same manner as they do when the device is not in 
Sleep

• The USB module can override the disabling of the 
Posc or FRC. Refer to the USB section for 
specific details.

• Modules can be individually disabled by software 
prior to entering Sleep in order to further reduce 
consumption

Note: This data sheet summarizes the features
of the PIC32MX1XX/2XX 28/36/44-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 10. “Power-
Saving Features” (DS60001130), which
is available from the Documentation >
Reference Manual section of the
Microchip PIC32 web site
(www.microchip.com/pic32).
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26.4 Peripheral Module Disable

The Peripheral Module Disable (PMD) registers
provide a method to disable a peripheral module by
stopping all clock sources supplied to that module.
When a peripheral is disabled using the appropriate
PMD control bit, the peripheral is in a minimum power
consumption state. The control and status registers
associated with the peripheral are also disabled, so
writes to those registers do not have effect and read
values are invalid.

To disable a peripheral, the associated PMDx bit must
be set to ‘1’. To enable a peripheral, the associated
PMDx bit must be cleared (default). See Table 26-1 for
more information.

TABLE 26-1: PERIPHERAL MODULE DISABLE BITS AND LOCATIONS

Note: Disabling a peripheral module while it’s
ON bit is set, may result in undefined
behavior. The ON bit for the associated
peripheral module must be cleared prior to
disable a module via the PMDx bits.

Peripheral(1) PMDx bit Name(1) Register Name and Bit Location

ADC1 AD1MD PMD1<0>

CTMU CTMUMD PMD1<8>

Comparator Voltage Reference CVRMD PMD1<12>

Comparator 1 CMP1MD PMD2<0>

Comparator 2 CMP2MD PMD2<1>

Comparator 3 CMP3MD PMD2<2>

Input Capture 1 IC1MD PMD3<0>

Input Capture 2 IC2MD PMD3<1>

Input Capture 3 IC3MD PMD3<2>

Input Capture 4 IC4MD PMD3<3>

Input Capture 5 IC5MD PMD3<4>

Output Compare 1 OC1MD PMD3<16>

Output Compare 2 OC2MD PMD3<17>

Output Compare 3 OC3MD PMD3<18>

Output Compare 4 OC4MD PMD3<19>

Output Compare 5 OC5MD PMD3<20>

Timer1 T1MD PMD4<0>

Timer2 T2MD PMD4<1>

Timer3 T3MD PMD4<2>

Timer4 T4MD PMD4<3>

Timer5 T5MD PMD4<4>

UART1 U1MD PMD5<0>

UART2 U2MD PMD5<1>

SPI1 SPI1MD PMD5<8>

SPI2 SPI2MD PMD5<9>

I2C1 I2C1MD PMD5<16>

I2C2 I2C2MD PMD5<17>

USB(2) USBMD PMD5<24>

RTCC RTCCMD PMD6<0>

Reference Clock Output REFOMD PMD6<1>

PMP PMPMD PMD6<16>

Note 1: Not all modules and associated PMDx bits are available on all devices. See TABLE 1: “PIC32MX1XX 
28/36/44-Pin General Purpose Family Features” and TABLE 2: “PIC32MX2XX 28/36/44-pin USB 
Family Features” for the lists of available peripherals.

2: The module must not be busy after clearing the associated ON bit and prior to setting the USBMD bit.
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TABLE 30-6: DC CHARACTERISTICS: IDLE CURRENT (IIDLE)  

DC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +105°C for V-temp 

Parameter 
No.

Typical(2) Max. Units Conditions

Idle Current (IIDLE): Core Off, Clock on Base Current (Notes 1, 4)

DC30a 1 1.5 mA 4 MHz (Note 3)

DC31a 2 3 mA 10 MHz

DC32a 4 6 mA 20 MHz (Note 3)

DC33a 5.5 8 mA 30 MHz (Note 3)

DC34a 7.5 11 mA 40 MHz

DC37a 100 — µA -40°C

3.3V

LPRC (31 kHz) 
(Note 3)DC37b 250 — µA +25°C

DC37c 380 — µA +85°C

Note 1: The test conditions for IIDLE 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 oscillator is disabled if the USB module is implemented, PBCLK divisor = 1:8

• CPU is in Idle mode (CPU core Halted), and SRAM data memory Wait states = 1

• No peripheral modules are operating, (ON bit = 0), but the associated PMD bit is cleared

• WDT, 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

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

3: This parameter is characterized, but not tested in manufacturing.

4: IIDLE electrical characteristics for devices with 256 KB Flash are only provided as Preliminary information.
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TABLE 30-12: DC CHARACTERISTICS: PROGRAM MEMORY 

DC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +105°C for V-temp 

Param.
No.

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

Program Flash Memory(3)

D130 EP Cell Endurance 20,000 — — E/W —

D131 VPR VDD for Read 2.3 — 3.6 V —

D132 VPEW VDD for Erase or Write 2.3 — 3.6 V —

D134 TRETD Characteristic Retention 20 — — Year Provided no other specifications 
are violated

D135 IDDP Supply Current during 
Programming

— 10 — mA —

TWW Word Write Cycle Time — 411 —

F
R

C
 C

yc
le

s See Note 4

D136 TRW Row Write Cycle Time — 6675 — See Note 2,4

D137 TPE Page Erase Cycle Time — 20011 — See Note 4

TCE Chip Erase Cycle Time — 80180 — See Note 4

Note 1: Data in “Typical” column is at 3.3V, 25°C unless otherwise stated.

2: The minimum SYSCLK for row programming is 4 MHz. Care should be taken to minimize bus activities 
during row programming, such as suspending any memory-to-memory DMA operations. If heavy bus 
loads are expected, selecting Bus Matrix Arbitration mode 2 (rotating priority) may be necessary. The 
default Arbitration mode is mode 1 (CPU has lowest priority).

3: Refer to the “PIC32 Flash Programming Specification” (DS60001145) for operating conditions during 
programming and erase cycles.

4: This parameter depends on FRC accuracy (See Table 30-19) and FRC tuning values (See Register 8-2).
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SP51 TSSH2DOZ SSx  to SDOX Output
High-Impedance 
(Note 4)

5 — 25 ns —

SP52 TSCH2SSH
TSCL2SSH

SSx  after SCKx Edge TSCK + 
20

— — ns —

SP60 TSSL2DOV SDOx Data Output Valid after
SSx Edge

— — 25 ns —

TABLE 30-31: SPIx MODULE SLAVE MODE (CKE = 1) TIMING REQUIREMENTS  (CONTINUED)

AC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +105°C for V-temp

Param.
No.

Symbol Characteristics(1) Min. Typical(2) Max. Units Conditions

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

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

3: The minimum clock period for SCKx is 50 ns. 

4: Assumes 50 pF load on all SPIx pins.
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FIGURE 30-20: PARALLEL SLAVE PORT TIMING     
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TABLE 30-41: CTMU CURRENT SOURCE SPECIFICATIONS

DC CHARACTERISTICS Standard Operating Conditions (see Note 3):2.3V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +105°C for V-temp

Param 
No.

Symbol Characteristic Min. Typ. Max. Units Conditions

CTMU CURRENT SOURCE

CTMUI1 IOUT1 Base Range(1) — 0.55 — µA CTMUCON<9:8> = 01

CTMUI2 IOUT2 10x Range(1) — 5.5 — µA CTMUCON<9:8> = 10

CTMUI3 IOUT3 100x Range(1) — 55 — µA CTMUCON<9:8> = 11

CTMUI4 IOUT4 1000x Range(1) — 550 — µA CTMUCON<9:8> = 00

CTMUFV1 VF Temperature Diode Forward
Voltage(1,2)

— 0.598 — V TA = +25ºC, 
CTMUCON<9:8> = 01

— 0.658 — V TA = +25ºC, 
CTMUCON<9:8> = 10

— 0.721 — V TA = +25ºC, 
CTMUCON<9:8> = 11

CTMUFV2 VFVR Temperature Diode Rate of
Change(1,2)

— -1.92 — mV/ºC CTMUCON<9:8> = 01

— -1.74 — mV/ºC CTMUCON<9:8> = 10

— -1.56 — mV/ºC CTMUCON<9:8> = 11

Note 1: Nominal value at center point of current trim range (CTMUCON<15:10> = 000000).

2: Parameters are characterized but not tested in manufacturing. Measurements taken with the following 
conditions:

• VREF+ = AVDD = 3.3V

• ADC module configured for conversion speed of 500 ksps

• All PMD bits are cleared (PMDx = 0)

• Executing a while(1) statement

• Device operating from the FRC with no PLL

3: The CTMU module is functional at VBORMIN < VDD < VDDMIN, but with degraded performance. Unless 
otherwise stated, module functionality is tested, but not characterized.
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