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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"

Active

MIPS32® M4K™

32-Bit Single-Core

40MHz

12C, IrDA, LINbus, PMP, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
19

128KB (128K x 8)

FLASH

32K x 8

2.3V ~ 3.6V

A/D 9x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

28-VQFN Exposed Pad

28-QFN (6x6)
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY

TABLE 5:

PIN NAMES FOR 28-PIN GENERAL PURPOSE DEVICES

28-PIN QFN (TOP VIEW)1:2:3:4)

PIC32MX110F016B
PIC32MX120F032B
PIC32MX130F064B
PIC32MX130F256B

PIC32MX150F128B 28V -
PIC32MX170F256B
Pin # Full Pin Name Pin # Full Pin Name

1 |PGED1/AN2/C1IND/C2INB/C3IND/RPBO/RBO 15 | TDO/RPB9/SDA1/CTED4/PMD3/RB9

2 |PGEC1/AN3/C1INC/C2INA/RPB1/CTED12/RB1 16 |vss

3 | AN4/C1INB/C2IND/RPB2/SDA2/CTED13/RB2 17 |vcap

4 | AN5/C1INA/C2INC/RTCC/RPB3/SCL2/RB3 18 | PGED2/RPB10/CTED11/PMD2/RB10

5 |vss 19 |PGEC2/TMS/RPB11/PMD1/RB11

6 | OSC1/CLKI/RPA2/RA2 20 |AN12/PMDO/RB12

7 | OSC2/CLKO/RPA3/PMAO/RA3 21 |AN11/RPB13/CTPLS/PMRD/RB13

8 | SOSCI/RPB4/RB4 22 | CVREFOUT/AN10/C3INB/RPB14/SCK1/CTED5/PMWR/RB14

9 | SOSCO/RPA4/T1CK/CTED9/PMA1/RA4 23 | AN9/C3INA/RPB15/SCK2/CTED6/PMCS1/RB15

10 |vop 24 |Avss

11 |PGED3/RPB5/PMD7/RB5 25 |AVDD

12 |PGEC3/RPB6/PMD6/RB6 26 |MCLR

13 | TDI/RPB7/CTED3/PMD5/INTO/RB7 27 | VREF+/CVREF+/ANO/C3INC/RPAO/CTED1/RA0Q

14 | TCK/RPB8/SCL1/CTED10/PMD4/RB8 28 | VREF-/CVREF-/AN1/RPA1/CTED2/RA1

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 1/0 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:  Shaded pins are 5V tolerant.
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY

FIGURE 4-6: MEMORY MAP ON RESET FOR PIC32MX130/230 DEVICES (16 KB RAM, 256 KB FLASH)

Mem\glt;ul\a}llap(l) Merzr(;)rl)? ll(\:/ﬁa{p(l)
OxFFFFFFFF OxFFFFFFFF
Reserved
0xBFCO00CO00
0xBFCOOBFF Device \
Configuration
0xBFCOO0BFO Registers
0xBFCOOBEF
Boot Flash
0xBFC00000
Reserved
0xBF900000
O0xBF8FFFFF
SFRs ~ Reserved
0xBF800000 i >
<
Reserved
0xBD040000
0xBDO3FFFF
Program Flash®
0xBD000000
Reserved
0xA0004000
0xAO003FFF
RAM®)
0xA0000000 / 0x1FC00C00
Reserved D.evice . 0x1FCOOBFF
0x9FC00C00 Configuration
0x9FCOOBFF Device RN Registers 0x1FCO0BFO
Configuration 0x1FCOOBEF
0x9FCOOBFO Registers Boot Flash
0x9FCOOBEF 0x1FC00000
Boot Flash
Reserved
0x9FC00000 0x1F900000
0x1F8FFFFF
Reserved o SFRs
0x9D040000 % > — 0x1F800000
0x9DO03FFFF N2
Program Flash® Reserved
0x9D000000 0x1D040000
0x1DO3FFFF
Reserved
0x80004000 Program Flash®
0x80003FFF 0x1D000000
RAM(®)
0x80000000 J Reserved 1 0400004000
0x00003FFF
Reserved RAM@
0x00000000 0x00000000
Note 1: Memory areas are not shown to scale.

2: The size of this memory region is programmable (see Section 3. “Memory Organization”
(DS60001115) in the “PIC32 Family Reference Manual”) and can be changed by initializa-
tion code provided by end-user development tools (refer to the specific development tool
documentation for information).

© 2011-2016 Microchip Tec
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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 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 0xBF80 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 0x1000
Bus Matrix 0x2000
DMA OxBF88 0x3000
uSB 0x5050
PORTA-PORTC 0x6000
Configuration 0xBFCO 0x0BFO

DS60001168J-page 44
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY

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

REGISTER 5-4: NVMDATA: FLASH PROGRAM DATA REGISTER
Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
RIW-0 RIW-0 RIW-0 R/W-0 RIW-0 RW-0 RIW-0 R/W-0
3124 NVMDATA<31:24>
rRwo | RrRwo | Rwo [ Rwoo | Rwo | Rwo RW-0 RW-0
23:16 NVMDATA<23:16>
Rwo | Rwo | Rwo | Rwo | Rwo | RWo RW-0 RW-0
15:8 NVMDATA<15:8>
_ rRwo [ Rrwo | Rwo [ Rwo | Rwo ] R/W-0 RIW-0 R/W-0
70 NVMDATA<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 = Bitis unknown

bit 31-0 NVMDATA<31:0>: Flash Programming Data bits

Note:  The bits in this register are only reset by a Power-on Reset (POR). I
REGISTER 5-5: NVMSRCADDR: SOURCE DATA ADDRESS REGISTER
Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
31:24 NVMSRCADDR<31:24>
rRwo | Rwo | Rwo | Rwo | Rwo | Rwo | Rwo0 | RwWo
23:16 NVMSRCADDR<23:16>
rRwo | rwo | Rrwo | mrwo | rwo | RrRwo | Rwo [ Rwo
15:8 NVMSRCADDR<15:8>
_ rRwo | rwo | rwo | mrwo | rwo | RrRwo | Rwo [ Rwo
7:0 NVMSRCADDR<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-0 NVMSRCADDR<31:0>: Source Data Address bits

The system physical address of the data to be programmed into the Flash when the NVMOP<3:0> bits
(NVMCON<3:0>) are set to perform row programming.

© 2011-2016 Microchip Technology Inc. DS60001168J-page 57
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8.1 Oscillator Control Regiters
TABLE 8-1: OSCILLATOR CONTROL REGISTER MAP
a Bits
2= . <] %)
- ® o o 2
= ) g 0
< o >E 04 &
Tg @ g 3 = 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 237 22/6 21/5 20/4 19/3 18/2 17/1 16/0 =
2> [) <
£
000! 0sccon 31:16 — — PLLODIV<2:0> FRCDIV<2:0> — SOSCRDY|PBDIVRDY| PBDIV<1:0> PLLMULT<2:0> x1xx @)
150 | — COSC<2:0> — NOSC<2:0> CLKLOCK| ULOCK®) | SLOCK | SLPEN CF  |UFRCEN®)| SOSCEN | OSWEN| xxxx®)
31:16 — — — — — — — — — — — — — — — — 0000
FO10| OSCTUN
15:0 — — — — — — — — — — TUN<5:0> 0000
REFOCON 31:16 — RODIV<14:0> 0000
F020 150 | ON — [ soL [ o [ RrstP | — [pvsweN ACTVE| — — — — ROSEL<3:0> 0000
F030 [REFOTRIM 31:16 ROTRIM<8:0> _ . — — — — — 0000
Meol = T =T =T =T - [ =T =T=T1 -1 =1 =1 =1 =1=1 =1 {ow
Legend: X = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  Allregisters in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 11.2 “CLR, SET and INV Registers” for

more information.

2:  Reset values are dependent on the DEVCFGx Configuration bits and the type of reset.

3:  This bit is only available on PIC32MX2XX devices.
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY

REGISTER 10-5: U1PWRC: USB POWER CONTROL REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 | 24/16/8/0
u-0 U-0 u-0 u-0 u-0 U-0 U-0 U-0
31:24 — — — — — — — —
u-0 U-0 u-0 u-0 u-0 U-0 u-0 u-0
23:16
u-0 U-0 u-0 u-0 u-0 U-0 U-0 u-0
15:8 — — — — — — — —
70 R-0 u-0 u-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0
' UACTPND — — USLPGRD | USBBUSY® — USUSPEND | USBPWR
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 UACTPND: USB Activity Pending bit
1 = USB bus activity has been detected; however, an interrupt is pending, which has yet to be generated
0 = Aninterrupt is not pending

bit 6-5 Unimplemented: Read as ‘0’

bit 4 USLPGRD: USB Sleep Entry Guard bit
1 = Sleep entry is blocked if USB bus activity is detected or if a notification is pending
0 = USB module does not block Sleep entry

bit3  USBBUSY: USB Module Busy bit(!)
1 = USB module is active or disabled, but not ready to be enabled
0 = USB module is not active and is ready to be enabled

bit 2 Unimplemented: Read as ‘0’

bit 1 USUSPEND: USB Suspend Mode bit

1 = USB module is placed in Suspend mode
(The 48 MHz USB clock will be gated off. The transceiver is placed in a low-power state.)
0 = USB module operates normally

bit 0 USBPWR: USB Operation Enable bit

1 = USB module is turned on

0 = USB module is disabled
(Outputs held inactive, device pins not used by USB, analog features are shut down to reduce power
consumption.)

Note 1. When USBPWR =0 and USBBUSY = 1, status from all other registers is invalid and writes to all USB
module registers produce undefined results.

DS60001168J-page 112 © 2011-2016 Microchip Technology Inc.



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

11.3.5 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 11-2) 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 11-2 and Figure 11-3).

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 11-3: EXAMPLE OF
MULTIPLEXING OF
REMAPPABLE OUTPUT
FOR RPAO

RPAOR<3:0>

Default
U1TX Output

U1RTS Output | 2
RPAO
o | Output Data PN ‘E
° L
°

11.3.6 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

11.3.6.1 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.

11.3.6.2 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.

© 2011-2016 Microchip Technology Inc.
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PIC32MX1XX/2XX 28/36/44-PIN FAMILY

REGISTER 11-3: CNCONx: CHANGE NOTICE CONTROL FOR PORTx REGISTER (x = A, B, C)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
u-0 u-0 u-0 U-0 u-0 u-0 U-0 u-0
31:24 — — — — — — — —
U-0 u-0 u-0 u-0 u-0 u-0 U-0 u-0
23:16 — — — — — — — —
15:8 R/W-0 u-0 R/W-0 u-0 u-0 u-0 u-0 u-0
’ ON — SIDL — — — — —
U-0 u-0 u-0 u-0 u-0 u-0 U-0 u-0
7:0 — — — — — — — —
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’
bit 15 ON: Change Notice (CN) Control ON bit

1= CNis enabled
0 = CNis disabled

bit 14 Unimplemented: Read as ‘0’
bit 13 SIDL: Stop in Idle Control bit

1 = Idle mode halts CN operation
0 = Idle does not affect CN operation

bit 12-0 Unimplemented: Read as ‘0’

DS60001168J-page 142 © 2011-2016 Microchip Technology Inc.



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

REGISTER 12-1: T1CON: TYPE A TIMER CONTROL REGISTER (CONTINUED)
bit 3 Unimplemented: Read as ‘0’

bit 2 TSYNC: Timer External Clock Input Synchronization Selection bit

When TCS = 1:
1 = External clock input is synchronized
0 = External clock input is not synchronized

When TCS =0:
This bit is ignored.

bit 1 TCS: Timer Clock Source Select bit
1 = External clock from TxCKI pin
0 = Internal peripheral clock

bit 0 Unimplemented: Read as ‘0’

Note 1: When using 1:1 PBCmLK 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.

DS60001168J-page 146 © 2011-2016 Microchip Technology Inc.



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

13.0 TIMERZ2/3, TIMERA4/5

» Synchronous internal 32-bit timer
» Synchronous internal 32-bit gated timer

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 14. “Timers”
(DS60001105), which is available from the
Documentation > Reference Manual
section of the Microchip PIC32 web site
(www.microchip.com/pic32).

« Synchronous external 32-bit timer

Note: In this chapter, references to registers,
TxCON, TMRx and PRx, use ‘X to
represent Timer2 through Timer5 in 16-bit
modes. In 32-bit modes, ‘X’ represents
Timer2 or Timer4 and ‘y’ represents
Timer3 or Timer5.

13.1 Additional Supported Features

This family of PIC32 devices features four synchronous
16-bit timers (default) that can operate as a free-
running interval timer for various timing applications
and counting external events. The following modes are
supported:

» Synchronous internal 16-bit timer

» Synchronous internal 16-bit gated timer

» Synchronous external 16-bit timer

Two 32-bit synchronous timers are available by

combining Timer2 with Timer3 and Timer4 with Timer>5.
The 32-bit timers can operate in three modes:

+ Selectable clock prescaler
» Timers operational during CPU idle

» Time base for Input Capture and Output Compare
modules (Timer2 and Timer3 only)

» ADC event trigger (Timer3 in 16-bit mode,
Timer2/3 in 32-bit mode)

 Fast bit manipulation using CLR, SET and INV
registers

Figure 13-1 and Figure 13-2 illustrate block diagrams
of Timer2/3 and Timer4/5.

FIGURE 13-1: TIMER2-TIMERS5 BLOCK DIAGRAM (16-BIT)
Data Bus<31:0>
N
<15:0>ﬂ <15:0>
Reset
TMRx — Sync
r———— ;
| ADC Exsnt c tor x 16
i omparator x
| Trigger Equal p:
| ﬁ
PRx —
TxIF
Event Flag Q D Py TGATE
Q o——
TGATE TS
ON
TxCK % {}I X 1
Prescaler
Sate Lo —11,2,4,8,16, —
y 32, 64, 256
PBCLK 00 ¢3

Note 1:  ADC event trigger is available on Timer3 only. TCKPS

© 2011-2016 Microchip Technology Inc.
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Figure 19-2 and Figure 19-3 illustrate typical receive
and transmit timing for the UART module.

FIGURE 19-2: UART RECEPTION
| | | | | |
| Char 1 | Char 2-4 | |  Char5-10 Char 11-13 |
| | | | | |
Read to « . Ll . . L1
UXRXREG 2T 2J 2J 2T
Start 1 Stop Start 2 Stop 4 Start 5 Stop 10 Start 11 Stop 13
uRx  ——— G X G —<C
RIDLE 55 55 s ]
Cleared by
A Software
OERR S 5 5 55 L
Cleared by
¢ . A Software
UXRXIF 5 L [
URXISEL = 00
Cleared by
. " A Software
UxRXIF Iy Iqd ,—|—F I
URXISEL = 01
33
UxRXIF S5 {5 15
URXISEL = 10
FIGURE 19-3: TRANSMISSION (8-BIT OR 9-BIT DATA)
8 into TXxBUF
Write to
UXTXREG H||| ‘ H | 5)(
TSR
BCLK/16 - — - Pull from Buffer
(Shift Clock)
UXTX stat X Bito X Bit1 X (¢ X stop »—<_ start X Bit1 X
UXTXIF | | L
UTXISEL =00 /< /<
UXTXIF —————
UTXISEL =01 q
UXTXIF ———
UTXISEL = 10 5

© 2011-2016 Microchip Technology Inc. DS60001168J-page 187
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REGISTER 21-2: RTCALRM: RTC ALARM CONTROL REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range 31/23/15/7 | 30/22/14/6 | 29/21/13/5 28/20/12/4 | 27/19/11/3| 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
31:24 — — — — — — — —
u-o U-0 U-0 U-0 u-o U-0 U-0 u-0
23:16 — — — — — — — —
15:8 R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
' ALRMEN®-2) | CHIME®) PIV@® | ALRMSYNC®) AMASK<3:0>)
70 R/W-0 R/W-0 R/W-0 R/W-0 RW-0 | RW-0 [ Rw0 | RWoO
' ARPT<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

bit 14

bit 13

bit 12

bit 11-8

Note 1:

ALRMEN: Alarm Enable bit(®:2)

1 = Alarm is enabled
0 = Alarm is disabled

CHIME: Chime Enable bit®

1 = Chime is enabled — ARPT<7:0> is allowed to rollover from 0x00 to OxFF
0 = Chime is disabled — ARPT<7:0> stops once it reaches 0x00

PIV: Alarm Pulse Initial Value bit®

When ALRMEN = 0, PIV is writable and determines the initial value of the Alarm Pulse.
When ALRMEN =1, PIV is read-only and returns the state of the Alarm Pulse.

ALRMSYNC: Alarm Sync bit®®

1 = ARPT<7:0> and ALRMEN may change as a result of a half second rollover during a read.
The ARPT must be read repeatedly until the same value is read twice. This must be done since multiple
bits may be changing, which are then synchronized to the PB clock domain

0 = ARPT<7:0> and ALRMEN can be read without concerns of rollover because the prescaler is > 32 RTC
clocks away from a half-second rollover

AMASK<3:0>: Alarm Mask Configuration bits(®)

0000 = Every half-second
0001 = Every second

0010 = Every 10 seconds
0011 = Every minute

0100 = Every 10 minutes
0101 = Every hour

0110 = Once a day

0111 = Once a week

1000 = Once a month

1001 = Once a year (except when configured for February 29, once every four years)
1010 = Reserved; do not use
1011 = Reserved; do not use
11xx = Reserved; do not use

Hardware clears the ALRMEN bit anytime the alarm event occurs, when ARPT<7:0> = 00 and
CHIME = 0.

This field should not be written when the RTCC ON bit = ‘1’ (RTCCON<15>) and ALRMSYNC = 1.
This assumes a CPU read will execute in less than 32 PBCLKs.

| Note:

This register is reset only on a Power-on Reset (POR). I

© 2011-2016 Microchip Technology Inc. DS60001168J-page 203



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

REGISTER 21-5:

ALRMTIME: ALARM TIME VALUE REGISTER

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
. u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
31:24 — — HR10<1:0> HRO01<3:0>
_ U-0 RIW-x RWx | RWx RIW-x RWx | RWx | RWx
23:16 — MIN10<2:0> MINO1<3:0>
. u-0 RW-x | Rwx | Rwx RW-x RW-x |  RW-x | RWx
15:8 — SEC10<2:0> SEC01<3:0>
u-0 u-0 u-0 u-0 u-0 u-o u-0 u-0
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 31-30
bit 29-28
bit 27-24
bit 23

bit 22-20
bit 19-16
bit 15

bit 14-12
bit 11-8
bit 7-0

Unimplemented: Read as ‘0’
HR10<1:0>: Binary Coded Decimal value of hours bits, 10s place digit; contains a value from 0 to 2
HRO01<3:0>: Binary Coded Decimal value of hours bits, 1s place digit; contains a value from 0 to 9

Unimplemented: Read as ‘0’
MIN10<2:0>: Binary Coded Decimal value of minutes bits, 10s place digit; contains a value from 0 to 5
MINO01<3:0>: Binary Coded Decimal value of minutes bits, 1s place digit; contains a value from 0 to 9

Unimplemented: Read as ‘0’
SEC10<2:0>: Binary Coded Decimal value of seconds bits, 10s place digit; contains a value from 0 to 5
SECO01<3:0>: Binary Coded Decimal value of seconds bits, 1s place digit; contains a value from 0 to 9

Unimplemented: Read as ‘0’
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REGISTER 25-1: CTMUCON: CTMU CONTROL REGISTER

Bit
Range

Bit Bit Bit Bit Bit Bit Bit Bit
31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0

31:24

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 RW0 | RW-O | RWO | RW-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® | EDGEN | EDGSEQEN | IDISSEN®@ | 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

bit 30

bit 29-26

bit 25

Note 1:

EDG1MOD: Edge1 Edge Sampling Select bit
1 = Input is edge-sensitive

0 = Input is level-sensitive

EDG1POL: Edge 1 Polarity Select bit

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

EDG1SEL<3:0>: Edge 1 Source Select bits

1111 = C30UT pin is selected

1110 = C20UT pin is selected

1101 = C10UT pin is selected

1100 = IC3 Capture Event is selected
1011 = IC2 Capture Event is selected
1010 = IC1 Capture Event is selected
1001 = CTEDS pin is selected

1000 = CTEDY pin is selected

0111 = CTEDS® pin is selected

0110 = CTEDS pin is selected

0101 = CTED4 pin is selected

0100 = CTEDS pin is selected

0011 = CTED1 pin is selected

0010 = CTED2 pin is selected

0001 = OC1 Compare Event is selected
0000 = Timer1 Event is selected

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

When this bit is set for Pulse Delay Generation, the EDG2SEL<3:0> bits must be set to ‘1110’ to select
C20UT.

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.

Refer to the CTMU Current Source Specifications (Table 30-41) in Section 30.0 “Electrical
Characteristics” for current values.

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

All PIC32MX1XX/2XX 28/36/44-pin 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 28/36/44-pin 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 27-1). This
helps to maintain the stability of the regulator. The
recommended value for the filter capacitor is provided
in Section 30.1 “DC Characteristics”.

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

pin.

27.3.1 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.

27.3.2 ON-CHIP REGULATOR AND BOR

PIC32MX1XX/2XX 28/36/44-pin 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  Section 30.1 “DC
Characteristics”.

FIGURE 27-1: CONNECTIONS FOR THE

ON-CHIP REGULATOR

3.3v®

PIC32
VDD

VCAP

Vss

Note 1: These are typical operating voltages. Refer to
Section 30.1“DC Characteristics” for the full
operating ranges of VDD.
2. ltis 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.

27.4 Programming and Diagnostics

PIC32MX1XX/2XX 28/36/44-pin 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 27-2 illustrates a block diagram of the
programming, debugging, and trace ports.

FIGURE 27-2: BLOCK DIAGRAM OF
PROGRAMMING,

DEBUGGING AND TRACE

PORTS
PGECT X
PGED1
G i
b ICSP™
. Controller
PGEC4 X
PGED4 [
Core
ICESEL
o1 [XH
DO &7 JTAG 1
TCK X’_ Controller [
uis [
JTAGEN DEBUG<1:0>
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FIGURE 32-6:

TYPICAL FRC FREQUENCY @ VDD = 3.3V
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FIGURE 32-8:

TYPICAL CTMU TEMPERATURE DIODE
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FIGURE 32-7:

TYPICAL LPRC FREQUENCY @ VDD = 3.3V
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28-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
//\ ~~— a4X
C]
4
— L
(L1
4x B
| ———
VIEW C
Units MILLIMETERS

Dimension Limits| MIN | NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle C) 0° - -
Foot Angle 4 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom 8 5° - 15°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic

3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.

4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing C04-052C Sheet 2 of 2
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TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section

Update Description

4.0 “Memory Organization”

Added Memory Maps for the new devices (see Figure 4-3 and Figure 4-4).

Removed the BMXCHEDMA bit from the Bus Matrix Register map (see
Table 4-1).

Added the REFOTRIM register, added the DIVSWEN bit to the REFOCON
registers, added Note 4 to the ULOCK and SOSCEN bits and added the
PBDIVRDY bit in the OSCCON register in the in the System Control Register
map (see Table 4-16).

Removed the ALTI2C1 and ALTI2C2 bits from the DEVCFG3 register and
added Note 1 to the UPLLEN and UPLLIDIV<2:0> bits of the DEVCFG2
register in the Device Configuration Word Summary (see Table 4-17).

Updated Note 1 in the Device and Revision ID Summary (see Table 4-18).
Added Note 2 to the PORTA Register map (see Table 4-19).

Added the ANSB6 and ANSB12 bits to the ANSELB register in the PORTB
Register map (see Table 4-20).

Added Notes 2 and 3 to the PORTC Register map (see Table 4-21).

Updated all register names in the Peripheral Pin Select Register map (see
Table 4-23).

Added values in support of new devices (16 KB RAM and 32 KB RAM) in the
Data RAM Size register (see Register 4-5).

Added values in support of new devices (64 KB Flash and 128 KB Flash) in
the Data RAM Size register (see Register 4-5).

8.0 “Oscillator Configuration”

Added Note 5 to the PIC32MX1XX/2XX Family Clock Diagram (see
Figure 8-1).

Added the PBDIVRDY bit and Note 2 to the Oscillator Control register (see
Register 8-1).

Added the DIVSWEN bit and Note 3 to the Reference Oscillator Control
register (see Register 8-3).

Added the REFOTRIM register (see Register 8-4).

21.0 “10-bit Analog-to-Digital
Converter (ADC)”

Updated the ADC1 Module Block Diagram (see Figure 21-1).
Updated the Notes in the ADC Input Select register (see Register 21-4).

24.0 “Charge Time Measurement
Unit (CTMU)”

Updated the CTMU Block Diagram (see Figure 24-1).
Added Note 3 to the CTMU Control register (see Register 24-1)

26.0 “Special Features”

Added Note 1 and the PGEC4/PGED4 pin pair to the ICESEL<1:0> bits in
DEVCFGO: Device Configuration Word 0 (see Register 26-1).

Removed the ALTI2C1 and ALTI2C2 bits from the Device Configuration
Word 3 register (see Register 26-4).

Removed 26.3.3 “Power-up Requirements”.

Added Note 3 to the Connections for the On-Chip Regulator diagram (see
Figure 26-2).

Updated the Block Diagram of Programming, Debugging and Trace Ports
diagram (see Figure 26-3).
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Note the following details of the code protection feature on Microchip devices:

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

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

intended manner and under normal conditions.

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

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

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

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

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

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

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

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate,
dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq,
KeelLoq logo, Kleer, LANCheck, LINK MD, MediaLB, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, PIC32 logo,
RightTouch, SpyNIC, SST, SST Logo, SuperFlash and UNI/O
are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company,
ETHERSYNCH, Hyper Speed Control, HyperLight Load,
IntelliMOS, mTouch, Precision Edge, and QUIET-WIRE are
registered trademarks of Microchip Technology Incorporated
in the U.S.A.

Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut,
BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN,
EtherGREEN, In-Circuit Serial Programming, ICSP, Inter-Chip
Connectivity, JitterBlocker, KleerNet, KleerNet logo, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code
Generation, PICDEM, PICDEM.net, PICkit, PICtail,
PureSilicon, RightTouch logo, REAL ICE, Ripple Blocker,
Serial Quad 1/0, SQlI, SuperSwitcher, SuperSwitcher Il, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan,
WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2011-2016, Microchip Technology Incorporated, Printed in
the U.S.A., All Rights Reserved.
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