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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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Peripherals Brown-out Detect/Reset, DMA, I²S, POR, PWM, WDT

Number of I/O 35

Program Memory Size 128KB (128K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 32K x 8

Voltage - Supply (Vcc/Vdd) 2.3V ~ 3.6V

Data Converters A/D 13x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 44-VQFN Exposed Pad
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY
TABLE 4-1: SFR MEMORY MAP

Peripheral

Virtual Address

Base
Offset 
Start

Watchdog Timer

0xBF80

0x0000

RTCC 0x0200

Timer1-5 0x0600

Input Capture 1-5 0x2000

Output Compare 1-5 0x3000

IC1 and IC2 0x5000

SPI1 and SPI2 0x5800

UART1 and UART2 0x6000

PMP 0x7000

ADC 0x9000

CVREF 0x9800

Comparator 0xA000

CTMU 0xA200

Oscillator 0xF000

Device and Revision ID 0xF220

Peripheral Module Disable 0xF240

Flash Controller 0xF400

Reset 0xF600

PPS 0xFA04

Interrupts

0xBF88

0x1000

Bus Matrix 0x2000

DMA 0x3000

USB 0x5050

PORTA-PORTC 0x6000

Configuration 0xBFC0 0x0BF0
DS60001168J-page 44  2011-2016 Microchip Technology Inc.
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— — — — — 0000

— NVMOP<3:0> 0000

0000

0000

0000

0000

0000

0000

0000

0000

ion 11.2 “CLR, SET and INV Registers” for more information.
5.1 Flash Controller Control Registers

TABLE 5-1: FLASH CONTROLLER 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

F400 NVMCON(1) 31:16 — — — — — — — — — — —

15:0 WR WREN WRERR LVDERR LVDSTAT — — — — — —

F410 NVMKEY
31:16

NVMKEY<31:0>
15:0

F420 NVMADDR(1) 31:16
NVMADDR<31:0>

15:0

F430 NVMDATA
31:16

NVMDATA<31:0>
15:0

F440 NVMSRCADDR
31:16

NVMSRCADDR<31:0>
15:0

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 offsets of 0x4, 0x8 and 0xC, respectively. See Sect
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20/4 19/3 18/2 17/1 16/0

— — — — — 0000

INT4EP INT3EP INT2EP INT1EP INT0EP 0000

— — — — — 0000

VEC<5:0> 0000

0000

0000

IC4EIF T4IF INT3IF OC3IF IC3IF 0000

T1IF INT0IF CS1IF CS0IF CTIF 0000

SPI2TXIF SPI2RXIF SPI2EIF PMPEIF PMPIF 0000

IF SPI1EIF USBIF(2) CMP3IF CMP2IF CMP1IF 0000

IC4EIE T4IE INT3IE OC3IE IC3IE 0000

T1IE INT0IE CS1IE CS0IE CTIE 0000

SPI2TXIE SPI2RXIE SPI2EIE PMPEIE PMPIE 0000

IE SPI1EIE USBIE(2) CMP3IE CMP2IE CMP1IE 0000

CS1IP<2:0> CS1IS<1:0> 0000

CTIP<2:0> CTIS<1:0> 0000

OC1IP<2:0> OC1IS<1:0> 0000

T1IP<2:0> T1IS<1:0> 0000

OC2IP<2:0> OC2IS<1:0> 0000

T2IP<2:0> T2IS<1:0> 0000

OC3IP<2:0> OC3IS<1:0> 0000

T3IP<2:0> T3IS<1:0> 0000

OC4IP<2:0> OC4IS<1:0> 0000

T4IP<2:0> T4IS<1:0> 0000

OC5IP<2:0> OC5IS<1:0> 0000

T5IP<2:0> T5IS<1:0> 0000

FCEIP<2:0> FCEIS<1:0> 0000

FSCMIP<2:0> FSCMIS<1:0> 0000

ets of 0x4 0x8 and 0xC, respectively. See Section 11.2 “CLR, 
7.1 Interrupt Control Registers
 

TABLE 7-2: INTERRUPT 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

1000 INTCON
31:16 — — — — — — — — — — —

15:0 — — — MVEC — TPC<2:0> — — —

1010 INTSTAT(3) 31:16 — — — — — — — — — — —

15:0 — — — — — SRIPL<2:0> — —

1020 IPTMR
31:16

IPTMR<31:0>
15:0

1030 IFS0
31:16 FCEIF RTCCIF FSCMIF AD1IF OC5IF IC5IF IC5EIF T5IF INT4IF OC4IF IC4IF

15:0 IC3EIF T3IF INT2IF OC2IF IC2IF IC2EIF T2IF INT1IF OC1IF IC1IF IC1EIF

1040 IFS1
31:16 DMA3IF DMA2IF DMA1IF DMA0IF CTMUIF I2C2MIF I2C2SIF I2C2BIF U2TXIF U2RXIF U2EIF

15:0 CNCIF CNBIF CNAIF I2C1MIF I2C1SIF I2C1BIF U1TXIF U1RXIF U1EIF SPI1TXIF SPI1RX

1060 IEC0
31:16 FCEIE RTCCIE FSCMIE AD1IE OC5IE IC5IE IC5EIE T5IE INT4IE OC4IE IC4IE

15:0 IC3EIE T3IE INT2IE OC2IE IC2IE IC2EIE T2IE INT1IE OC1IE IC1IE IC1EIE

1070 IEC1
31:16 DMA3IE DMA2IE DMA1IE DMA0IE CTMUIE I2C2MIE I2C2SIE I2C2BIE U2TXIE U2RXIE U2EIE

15:0 CNCIE CNBIE CNAIE I2C1MIE I2C1SIE I2C1BIE U1TXIE U1RXIE U1EIE SPI1TXIE SPI1RX

1090 IPC0
31:16 — — — INT0IP<2:0> INT0IS<1:0> — — —

15:0 — — — CS0IP<2:0> CS0IS<1:0> — — —

10A0 IPC1
31:16 — — — INT1IP<2:0> INT1IS<1:0> — — —

15:0 — — — IC1IP<2:0> IC1IS<1:0> — — —

10B0 IPC2
31:16 — — — INT2IP<2:0> INT2IS<1:0> — — —

15:0 — — — IC2IP<2:0> IC2IS<1:0> — — —

10C0 IPC3
31:16 — — — INT3IP<2:0> INT3IS<1:0> — — —

15:0 — — — IC3IP<2:0> IC3IS<1:0> — — —

10D0 IPC4
31:16 — — — INT4IP<2:0> INT4IS<1:0> — — —

15:0 — — — IC4IP<2:0> IC4IS<1:0> — — —

10E0 IPC5
31:16 — — — AD1IP<2:0> AD1IS<1:0> — — —

15:0 — — — IC5IP<2:0> IC5IS<1:0> — — —

10F0 IPC6
31:16 — — — CMP1IP<2:0> CMP1IS<1:0> — — —

15:0 — — — RTCCIP<2:0> RTCCIS<1:0> — — —

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 offs
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.
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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
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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
REGISTER 9-5: DCRCDATA: DMA CRC 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
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

DCRCDATA<31:24>

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

DCRCDATA<23:16>

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

DCRCDATA<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

DCRCDATA<7:0>

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 DCRCDATA<31:0>: CRC Data Register bits

Writing to this register will seed the CRC generator. Reading from this register will return the current value of
the CRC. Bits greater than PLEN will return ‘0’ on any read.

When CRCTYP (DCRCCON<15>) = 1 (CRC module is in IP Header mode):
Only the lower 16 bits contain IP header checksum information. The upper 16 bits are always ‘0’. Data written
to this register is converted and read back in 1’s complement form (i.e., current IP header checksum value).

When CRCTYP (DCRCCON<15>) = 0 (CRC module is in LFSR mode):
Bits greater than PLEN will return ‘0’ on any read.

REGISTER 9-6: DCRCXOR: DMA CRCXOR 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
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

DCRCXOR<31:24>

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

DCRCXOR<23:16>

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

DCRCXOR<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

DCRCXOR<7:0>

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 DCRCXOR<31:0>: CRC XOR Register bits

When CRCTYP (DCRCCON<15>) = 1 (CRC module is in IP Header mode):
This register is unused.

When CRCTYP (DCRCCON<15>) = 0 (CRC module is in LFSR mode):
1 = Enable the XOR input to the Shift register
0 = Disable the XOR input to the Shift register; data is shifted in directly from the previous stage in

the register
DS60001168J-page 92  2011-2016 Microchip Technology Inc.
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19/3 18/2 17/1 16/0

— — — — 0000

ANSC3(4) ANSC2(3) ANSC1 ANSC0 000F

— — — — 0000

TRISC3 TRISC2(3) TRISC1 TRISC0 03FF

0000

RC3 RC2(3) RC1 RC0 xxxx

— — — — 0000

LATC3 LATC2(3) LATC1 LATC0 xxxx

— — — — 0000

ODCC3 ODCC2(3) ODCC1 ODCC0 0000

— — — — 0000

CNPUC3 CNPUC2(3) CNPUC1 CNPUC0 0000

— — — — 0000

CNPDC3 CNPDC2(3) CNPDC1 CNPDC0 0000

— — — — 0000

— — — — 0000

— — — — 0000

CNIEC3 CNIEC2(3) CNIEC1 CNIEC0 0000

— — — — 0000

CNSTATC3 CNSTATC2(3) CNSTATC1 CNSTATC0 0000

L

N y. See Section 11.2 “CLR, SET and INV Registers” for 
ABLE 11-5: PORTC REGISTER MAP
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31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4

6200 ANSELC
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

6210 TRISC
31:16 — — — — — — — — — — — —

15:0 — — — — — — TRISC9 TRISC8(3) TRISC7(3) TRISC6(3) TRISC5(3) TRISC4(3)

6220 PORTC
31:16 — — — — — — — — — — —

15:0 — — — — — — RC9 RC8(3) RC7(3) RC6(3) RC5(3) RC4(3)

6230 LATC
31:16 — — — — — — — — — — — —

15:0 — — — — — — LATC9 LATC8(3) LATC7(3) LATC6(3) LATC5(3) LATC4(3)

6240 ODCC
31:16 — — — — — — — — — — — —

15:0 — — — — — — ODCC9 ODCC8(3) ODCC7(3) ODCC6(3) ODCC5(3) ODCC4(3)

6250 CNPUC
31:16 — — — — — — — — — — — —

15:0 — — — — — — CNPUC9 CNPUC8(3) CNPUC7(3) CNPUC6(3) CNPUC5(3) CNPUC4(3)

6260 CNPDC
31:16 — — — — — — — — — — — —

15:0 — — — — — — CNPDC9 CNPDC8(3) CNPDC7(3) CNPDC6(3) CNPDC5(3) CNPDC4(3)

6270 CNCONC
31:16 — — — — — — — — — — — —

15:0 ON — SIDL — — — — — — — — —

6280 CNENC
31:16 — — — — — — — — — — — —

15:0 — — — — — — CNIEC9 CNIEC8(3) CNIEC7(3) CNIEC6(3) CNIEC5(3) CNIEC4(3)

6290 CNSTATC
31:16 — — — — — — — — — — — —

15:0 — — — — — — CNSTATC9 CNSTATC8(3) CNSTATC7(3) CNSTATC6(3) CNSTATC5(3) CNSTATC4(3)

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

ote 1: All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectivel
more information.

2: PORTC is not available on 28-pin devices.
3: This bit is only available on 44-pin devices.
4: This bit is only available on USB-enabled devices with 36 or 44 pins.
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20/4 19/3 18/2 17/1 16/0

— — — — — 0000

— INT1R<3:0> 0000

— — — — — 0000

— INT2R<3:0> 0000

— — — — — 0000

— INT3R<3:0> 0000

— — — — — 0000

— INT4R<3:0> 0000

— — — — — 0000

— T2CKR<3:0> 0000

— — — — — 0000

— T3CKR<3:0> 0000

— — — — — 0000

— T4CKR<3:0> 0000

— — — — — 0000

— T5CKR<3:0> 0000

— — — — — 0000

— IC1R<3:0> 0000

— — — — — 0000

— IC2R<3:0> 0000

— — — — — 0000

— IC3R<3:0> 0000

— — — — — 0000

— IC4R<3:0> 0000

— — — — — 0000

— IC5R<3:0> 0000

— — — — — 0000

— OCFAR<3:0> 0000

— — — — — 0000

— OCFBR<3:0> 0000

— — — — — 0000

— U1RXR<3:0> 0000
TABLE 11-6: PERIPHERAL PIN SELECT INPUT 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

FA04 INT1R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA08 INT2R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA0C INT3R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA10 INT4R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA18 T2CKR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA1C T3CKR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA20 T4CKR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA24 T5CKR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA28 IC1R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA2C IC2R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA30 IC3R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA34 IC4R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA38 IC5R
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA48 OCFAR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA4C OCFBR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —

FA50 U1RXR
31:16 — — — — — — — — — — —

15:0 — — — — — — — — — — —



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
17.0 SERIAL PERIPHERAL 
INTERFACE (SPI)

The SPI module is a synchronous serial interface that
is useful for communicating with external peripherals
and other microcontrollers. These peripheral devices
may be Serial EEPROMs, Shift registers, display driv-
ers, Analog-to-Digital Converters (ADC), etc. The
PIC32 SPI module is compatible with Motorola® SPI
and SIOP interfaces. 

Some of the key features of the SPI module are:

• Master mode and Slave mode support
• Four clock formats
• Enhanced Framed SPI protocol support
• User-configurable 8-bit, 16-bit and 32-bit data width
• Separate SPI FIFO buffers for receive and transmit

- FIFO buffers act as 4/8/16-level deep FIFOs 
based on 32/16/8-bit data width

• Programmable interrupt event on every 8-bit, 
16-bit and 32-bit data transfer

• Operation during Sleep and Idle modes
• Audio Codec Support:

- I2S protocol
- Left-justified
- Right-justified
- PCM

FIGURE 17-1: SPI MODULE BLOCK DIAGRAM 

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 23. “Serial
Peripheral Interface (SPI)”
(DS60001106), which is available from the
Documentation > Reference Manual
section of the Microchip PIC32 web site
(www.microchip.com/pic32).

Internal
Data Bus

SDIx

SDOx

SSx/FSYNC

SCKx

SPIxSR

bit 0

Shift
Control

Edge
Select

MSTEN

Baud Rate

Slave Select

 Sync Control

Clock
Control

Transmit

Receive

 and Frame

Note: Access SPIxTXB and SPIxRXB FIFOs via SPIxBUF register.

FIFOs Share Address SPIxBUF

SPIxBUF

Generator

PBCLK

WriteRead

SPIxTXB FIFOSPIxRXB FIFO

REFCLK

MCLKSEL

1

0
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FIGURE 18-1: I2C BLOCK DIAGRAM

Internal
Data Bus

SCLx

SDAx

Shift

Match Detect

I2CxADD

Start and Stop
bit Detect

Clock

Address Match

Clock
Stretching

I2CxTRN

LSB
Shift Clock

BRG Down Counter

Reload
Control

PBCLK

Start and Stop
bit Generation

Acknowledge
Generation

Collision
Detect

I2CxCON

I2CxSTAT

C
o

n
tr

o
l L

o
g

ic

Read

LSB

Write

Read

I2CxBRG

I2CxRSR

Write

Read

Write

Read

Write

Read

Write

Read

Write

Read

I2CxMSK

I2CxRCV
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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
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22.0 10-BIT ANALOG-TO-DIGITAL 
CONVERTER (ADC)

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

• Successive Approximation Register (SAR) 
conversion

• Up to 1 Msps conversion speed

• Up to 13 analog input pins
• External voltage reference input pins
• One unipolar, differential Sample and Hold 

Amplifier (SHA) 

• Automatic Channel Scan mode

• Selectable conversion trigger source
• 16-word conversion result buffer
• Selectable buffer fill modes
• Eight conversion result format options 
• Operation during Sleep and Idle modes

A block diagram of the 10-bit ADC is illustrated in
Figure 22-1. Figure 22-2 illustrates a block diagram of
the ADC conversion clock period. The 10-bit ADC has
up to 13 analog input pins, designated AN0-AN12. In
addition, there are two analog input pins for external
voltage reference connections. These voltage
reference inputs may be shared with other analog input
pins and may be common to other analog module
references. 

FIGURE 22-1:  ADC1 MODULE BLOCK DIAGRAM 

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 17. “10-bit Ana-
log-to-Digital Converter (ADC)”
(DS60001104), which is available from the
Documentation > Reference Manual
section of the Microchip PIC32 web site
(www.microchip.com/pic32).

SAR ADC

S&H

ADC1BUF0

ADC1BUF1

ADC1BUF2

ADC1BUFF

ADC1BUFE

CTMUT(3)

IVREF(4)

AN1

VREFL

CH0SB<4:0>

CH0NA CH0NB

+

-CH0SA<4:0>

Channel
Scan

CSCNA

Alternate

VREF+(1) AVDD AVSSVREF-(1)

Note 1: VREF+ and VREF- inputs can be multiplexed with other analog inputs.

2: AN8 is only available on 44-pin devices. AN6, AN7, and AN12 are not available on 28-pin devices.

3: Connected to the CTMU module. See Section 25.0 “Charge Time Measurement Unit (CTMU)” for more
information.

4: Internal precision voltage reference (1.2V).

5: This selection is only used with CTMU capacitive and time measurement.

Input Selection

VREFH VREFL

VCFG<2:0>
AN12(2)

AN0

Open(5)

CTMUI(3)
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R
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19/3 18/2 17/1 16/0

— — — — 0000

— — — AD1MD 0000

— — — — 0000

— CMP3MD CMP2MD CMP1MD 0000

OC4MD OC3MD OC2MD OC1MD 0000

IC4MD IC3MD IC2MD IC1MD 0000

— — — — 0000

T4MD T3MD T2MD T1MD 0000

— — I2C1MD I2C1MD 0000

— — U2MD U1MD 0000

— — — PMPMD 0000

— — REFOMD RTCCMD 0000

L

N ly. See Section 11.2 “CLR, SET and INV Registers” for 
ABLE 26-2: PERIPHERAL MODULE DISABLE REGISTER MAP
V

ir
tu

al
 A

d
d

re
ss

(B
F

80
_#

)

R
eg

is
te

r
N

a
m

e
(1

)

B
it

 R
an

g
e

Bits

31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4

F240 PMD1
31:16 — — — — — — — — — — — —

15:0 — — — CVRMD — — — CTMUMD — — — —

F250 PMD2
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

F260 PMD3
31:16 — — — — — — — — — — — OC5MD

15:0 — — — — — — — — — — — IC5MD

F270 PMD4
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — T5MD

F280 PMD5
31:16 — — — — — — — USB1MD — — — —

15:0 — — — — — — SPI2MD SPI1MD — — — —

F290 PMD6
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — — — — —

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

ote 1: All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respective
more information.



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
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).
DS60001168J-page 266  2011-2016 Microchip Technology Inc.



PIC32MX1XX/2XX 28/36/44-PIN FAMILY
TABLE 30-18: PLL CLOCK TIMING SPECIFICATIONS

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 Max. Units Conditions

OS50 FPLLI PLL Voltage Controlled 
Oscillator (VCO) Input 
Frequency Range

3.92 — 5 MHz ECPLL, HSPLL, XTPLL, 
FRCPLL modes

OS51 FSYS On-Chip VCO System 
Frequency

60 — 120 MHz —

OS52 TLOCK PLL Start-up Time (Lock Time) — — 2 ms —

OS53 DCLK CLKO Stability(2)

(Period Jitter or Cumulative)
-0.25 — +0.25 % Measured over 100 ms 

period

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

2: This jitter specification is based on clock-cycle by clock-cycle measurements. To get the effective jitter for 
individual time-bases on communication clocks, use the following formula:

For example, if SYSCLK = 40 MHz and SPI bit rate = 20 MHz, the effective jitter is as follows:

EffectiveJitter
DCLK

SYSCLK
CommunicationClock
----------------------------------------------------------

--------------------------------------------------------------=

EffectiveJitter
DCLK

40
20
------

--------------
DCLK

1.41
--------------= =

TABLE 30-19:  INTERNAL FRC ACCURACY

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.

Characteristics Min. Typical Max. Units Conditions

Internal FRC Accuracy @ 8.00 MHz(1)

F20b FRC -0.9 — +0.9 % —

Note 1: Frequency calibrated at 25°C and 3.3V. The TUN bits can be used to compensate for temperature drift.

TABLE 30-20: INTERNAL LPRC ACCURACY

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.

Characteristics Min. Typical Max. Units Conditions

LPRC @ 31.25 kHz(1)

F21 LPRC -15 — +15 % —

Note 1: Change of LPRC frequency as VDD changes.
 2011-2016 Microchip Technology Inc. DS60001168J-page 271
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TABLE 30-33: I2Cx BUS DATA TIMING REQUIREMENTS (SLAVE MODE)

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 Min. Max. Units Conditions

IS10 TLO:SCL Clock Low Time 100 kHz mode 4.7 — s PBCLK must operate at a 
minimum of 800 kHz

400 kHz mode 1.3 — s PBCLK must operate at a 
minimum of 3.2 MHz

1 MHz mode 
(Note 1)

0.5 — s —

IS11 THI:SCL Clock High Time 100 kHz mode 4.0 — s PBCLK must operate at a 
minimum of 800 kHz

400 kHz mode 0.6 — s PBCLK must operate at a 
minimum of 3.2 MHz

1 MHz mode 
(Note 1)

0.5 — s —

IS20 TF:SCL SDAx and SCLx
Fall Time

100 kHz mode — 300 ns CB is specified to be from
10 to 400 pF400 kHz mode 20 + 0.1 CB 300 ns

1 MHz mode 
(Note 1)

— 100 ns

IS21 TR:SCL SDAx and SCLx
Rise Time

100 kHz mode — 1000 ns CB is specified to be from
10 to 400 pF400 kHz mode 20 + 0.1 CB 300 ns

1 MHz mode 
(Note 1)

— 300 ns

IS25 TSU:DAT Data Input
Setup Time

100 kHz mode 250 — ns —

400 kHz mode 100 — ns

1 MHz mode 
(Note 1)

100 — ns

IS26 THD:DAT Data Input
Hold Time

100 kHz mode 0 — ns —

400 kHz mode 0 0.9 s

1 MHz mode 
(Note 1)

0 0.3 s

IS30 TSU:STA Start Condition
Setup Time

100 kHz mode 4700 — ns Only relevant for Repeated 
Start condition400 kHz mode 600 — ns

1 MHz mode 
(Note 1)

250 — ns

IS31 THD:STA Start Condition 
Hold Time 

100 kHz mode 4000 — ns After this period, the first 
clock pulse is generated400 kHz mode 600 — ns

1 MHz mode 
(Note 1)

250 — ns

IS33 TSU:STO Stop Condition 
Setup Time

100 kHz mode 4000 — ns —

400 kHz mode 600 — ns

1 MHz mode 
(Note 1)

600 — ns

Note 1: Maximum pin capacitance = 10 pF for all I2Cx pins (for 1 MHz mode only).
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
DS60001168J-page 314  2011-2016 Microchip Technology Inc.
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY
Revision C (November 2011)

All major changes are referenced by their respective
section in Table A-2.

29.0 “Electrical Characteristics” Updated the Absolute Maximum Ratings (removed Voltage on VCORE with 
respect to VSS).

Added the SPDIP specification to the Thermal Packaging Characteristics 
(see Table 29-2).

Updated the Typical values for parameters DC20-DC24 in the Operating 
Current (IDD) specification (see Table 29-5).

Updated the Typical values for parameters DC30a-DC34a in the Idle Current 
(IIDLE) specification (see Table 29-6).

Updated the Typical values for parameters DC40i and DC40n and removed 
parameter DC40m in the Power-down Current (IPD) specification (see 
Table 29-7).

Removed parameter D320 (VCORE) from the Internal Voltage Regulator 
Specifications and updated the Comments (see Table 29-13).

Updated the Minimum, Typical, and Maximum values for parameter F20b in 
the Internal FRC Accuracy specification (see Table 29-17).

Removed parameter SY01 (TPWRT) and removed all Conditions from Resets 
Timing (see Table 29-20).

Updated all parameters in the CTMU Specifications (see Table 29-39).

31.0 “Packaging Information” Added the 28-lead SPDIP package diagram information (see 31.1 “Package 
Marking Information” and 31.2 “Package Details”).

“Product Identification System” Added the SPDIP (SP) package definition.

TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section Update Description

TABLE A-2: MAJOR SECTION UPDATES

Section Update Description

“32-bit Microcontrollers (up to 128 KB 
Flash and 32 KB SRAM) with Audio 
and Graphics Interfaces, USB, and 
Advanced Analog”

Revised the source/sink on I/O pins (see “Input/Output” on page 1).

Added the SPDIP package to the PIC32MX220F032B device in the 
PIC32MX2XX USB Family Features (see Table 2).

4.0 “Memory Organization” Removed ANSB6 from the ANSELB register and added the ODCB6, 
ODCB10, and ODCB11 bits in the PORTB Register Map (see Table 4-20).

29.0 “Electrical Characteristics” Updated the minimum value for parameter OS50 in the PLL Clock Timing 
Specifications (see Table 29-16).
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