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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

80MHz

12C, IrDA, LINbus, PMP, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
85

128KB (128K x 8)

FLASH

16K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

100-TQFP

100-TQFP (12x12)
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PIC32MX3XX/4XX

TABLE 2: PIC32MX USB — FEATURES
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PIC32MX420F032H | 64 | PTMR | 40 | 32+12® | 8 | 5/5/5 | 0 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
PIC32MX440F128H | 64 | P, MR | 80 | 128 +12®W | 32 | 5/5/5 | 4 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
PIC32MX440F256H | 64 | PT,MR | 80 | 256+ 12® | 32 | 5/5/5 | 4 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
PIC32MX440F512H | 64 | PT MR | 80 | 512+12®W | 32 | 5/5/5 | 4 2 |Yes|No| 2/1/2 | 16 | 2 | Yes | Yes
100 | PT
PIC32MX440F128L (121 | BG 80 | 128+12® | 32 | 5/5/5 | 4 2 |Yes|No| 2/2/2 | 16 | 2 | Yes | Yes
100| PT
PIC32MX460F256L [151 | g | 80 | 256 +12®W | 32 | 5/5/5 | 4 2 |Yes|Yes| 2/2/2 | 16 | 2 | Yes | Yes
100| PT
PIC32MX460F512L [ 121 | Rg 80 | 512+12® | 32 | 5/5/5 | 4 2 |Yes|Yes| 2/2/2 | 16 | 2 | Yes | Yes

Legend: PT=TQFP MR = QFN BG = XBGA

Note 1: This device features 12 KB Boot Flash memory.
2:  See Legend for an explanation of the acronyms. See Section 30.0 “Packaging Information” for details.
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PIC32MX3XX/4XX

Pin Diagrams (Continued)

Pins are up to 5V tolerant

121-Pin XBGAW
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PIC32MX460F256L
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Note 1: Refer to Table 4 for full pin names.
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PIC32MX3XX/4XX

TABLE 4: PIN NAMES: PIC32MX440F128L, PIC32MX460F256L AND PIC32MX460F512L
DEVICES (CONTINUED)
NuFr’TzT)er Full Pin Name NuFr’Ti:;)er Full Pin Name
K4 AN8/C10UT/RB8 L3 AVss
K5 No Connect (NC) L4 AN9/C20UT/RB9
K6 U2CTS/RF12 L5 AN10/CVREFOUT/PMA13/RB10
K7 AN14/PMALH/PMAL/RB14 L6 U2RTS/RF13
K8 VDD L7 AN13/PMA10/RB13
K9 UIRTS/CN21/RD15 L8 AN15/0CFB/PMALL/PMAO/CN12/RB15
K10 USBID/RF3 L9 UICTS/CN20/RD14
K11 U1RX/RF2 L10 U2RX/PMA9Q/CN17/RF4
L1 PGEC2/AN6/OCFA/RB6 L11 U2TX/PMA8/CN18/RF5

L2 VREF-/CVREF-/PMA7/RA9

© 2011 Microchip Technology Inc.
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PIC32MX3XX/4XX

2.11 Ref

This device

erenced Sources

data sheet is based on the following

individual chapters of the “PIC32 Family Reference

Manual”. The

se documents should be considered as

the general reference for the operation of a particular
module or device feature.

Note 1: To access the documents listed below,

browse to the documentation section of
the PIC32MX460F512L product page on
the Microchip web site
(www.microchip.com) or select a family
reference  manual section from the
following list.

In addition to parameters, features, and
other documentation, the resulting page

provides links to the related family
reference manual sections.

e Section 1.
e Section 2.
« Section 3.
e Section 4.
e Section 5.
e Section 6.
e Section 7.
» Section 8.
e Section 9.
e Section 10
e Section 12
e Section 13
e Section 14

“Introduction” (DS61127)

“CPU” (DS61113)

“Memory Organization” (DS61115)
“Prefetch Cache” (DS61119)

“Flash Program Memory” (DS61121)
“Oscillator Configuration” (DS61112)
“Resets” (DS61118)

“Interrupt Controller” (DS61108)
“Watchdog Timer and Power-up Timer” (DS61114)
. “Power-Saving Features” (DS61130)
.“1/0 Ports” (DS61120)

. “Parallel Master Port (PMP)” (DS61128)

.“Timers” (DS61105)
e Section 15.
e Section 16.
e Section 17.
e Section 19.
e Section 20.
e Section 21.
e Section 23.
« Section 24.
e Section 27.
e Section 29.
e Section 31.
e Section 32.
e Section 33.

“Input Capture” (DS61122)

“Output Compare” (DS61111)

“10-bit Analog-to-Digital Converter (ADC)” (DS61104)
“Comparator” (DS61110)

“Comparator Voltage Reference (CVREF)” (DS61109)
“Universal Asynchronous Receiver Transmitter (UART)” (DS61107)
“Serial Peripheral Interface (SPI)” (DS61106)
“Inter-Integrated Circuit™ (IZCTM)“ (DS61116)

“USB On-The-Go (OTG)” (DS61126)

“Real-Time Clock and Calendar (RTCC)” (DS61125)
“Direct Memory Access (DMA) Controller” (DS61117)
“Configuration” (DS61124)

“Programming and Diagnostics” (DS61129)

© 2011 Microchip Technology Inc.
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PIC32MX3XX/4XX

3.2 Architecture Overview

The MIPS32® M4K® Processor Core contains several
logic blocks working together in parallel, providing an
efficient high performance computing engine. The
following blocks are included with the core:

« Execution Unit

* Multiply/Divide Unit (MDU)

« System Control Coprocessor (CP0)
» Fixed Mapping Translation (FMT)

» Dual Internal Bus interfaces

* Power Management

¢ MIPS16e Support

« Enhanced JTAG (EJTAG) Controller

3.2.1 EXECUTION UNIT

The MIPS32® M4K® Processor Core execution unit
implements a load/store architecture with single-cycle
ALU operations (logical, shift, add, subtract) and an
autonomous multiply/divide unit. The core contains
thirty-two 32-bit general purpose registers used for
integer operations and address calculation. One addi-
tional register file shadow set (containing thirty-two reg-
isters) is added to minimize context switching overhead
during interrupt/exception processing. The register file
consists of two read ports and one write port and is fully
bypassed to minimize operation latency in the pipeline.

The execution unit includes:

» 32-bit adder used for calculating the data address

e Address unit for calculating the next instruction
address

» Logic for branch determination and branch target
address calculation

e Load aligner

e Bypass multiplexers used to avoid stalls when
executing instructions streams where data
producing instructions are followed closely by
consumers of their results

* Leading Zero/One detect unit for implementing the
CLZ and CLO instructions

« Arithmetic Logic Unit (ALU) for performing bitwise
logical operations

« Shifter and Store Aligner

3.2.2 MULTIPLY/DIVIDE UNIT (MDU)

The MIPS32® M4K® Processor Core includes a multi-
ply/divide unit (MDU) that contains a separate pipeline
for multiply and divide operations. This pipeline oper-
ates in parallel with the integer unit (IU) pipeline and
does not stall when the U pipeline stalls. This allows
MDU operations to be partially masked by system stalls
and/or other integer unit instructions.

The high-performance MDU consists of a 32x16 booth
recoded multiplier, result/accumulation registers (HI
and LO), a divide state machine, and the necessary
multiplexers and control logic. The first number shown
(‘32" of 32x16) represents the rs operand. The second
number (‘16’ of 32x16) represents the rt operand. The
PIC32MX core only checks the value of the latter (rt)
operand to determine how many times the operation
must pass through the multiplier. The 16x16 and 32x16
operations pass through the multiplier once. A 32x32
operation passes through the multiplier twice.

The MDU supports execution of one 16x16 or 32x16
multiply operation every clock cycle; 32x32 multiply
operations can be issued every other clock cycle.
Appropriate interlocks are implemented to stall the
issuance of back-to-back 32x32 multiply operations.
The multiply operand size is automatically determined
by logic built into the MDU.

Divide operations are implemented with a simple 1 bit
per clock iterative algorithm. An early-in detection
checks the sign extension of the dividend (rs) operand.
If rs is 8 bits wide, 23 iterations are skipped. For a 16-
bit-wide rs, 15 iterations are skipped, and for a 24-bit-
wide rs, 7 iterations are skipped. Any attempt to issue
a subsequent MDU instruction while a divide is still
active causes an IU pipeline stall until the divide
operation is completed.

Table 3-1 lists the repeat rate (peak issue rate of cycles
until the operation can be reissued) and latency (num-
ber of cycles until a result is available) for the PIC32MX
core multiply and divide instructions. The approximate
latency and repeat rates are listed in terms of pipeline
clocks.

DS61143H-page 38
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TABLE 4-3: INTERRUPT REGISTERS MAP FOR PIC32MX340F128H, PIC32MX340F256H, PIC32MX340F512H, PIC32MX340F128L,
PIC32MX360F256L AND PIC32MX360F512L DEVICES ONLY®
2]
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1000 | INTCON 31:16 — — — — — — — — — — — — — — — SSO 0000
15:0 — — — MVEC — TPC<2:0> — — — INTAEP INT3EP INT2EP INT1EP INTOEP | 0000
1010 |INTSTAT® 3116 — — — — — — — — — — — — — — — — 0000
15:0 — — — — — SRIPL<2:0> — — VEC<5:0> 0000
1020 | IPTMR 31:16 IPTMR<31:0> 0000
15:0 0000
1030 IFso 31:16| I2CIMIF | I12C1SIF | I2C1BIF ULTXIF U1RXIF UL1EIF | SPI1IRXIF | SPILTXIF | SPI1EIF OCS5IF IC5IF T5IF INT4IF OC4IF IC4IF T4IF 0000
15:0 | INT3IF OC3IF IC3IF T3IF INT2IF OC2IF IC2IF T2IF INT1IF OCL1IF IC1IF T1IF INTOIF CS1IF CSOIF CTIF  |0000
1040 IFs1 31:16 — — — — — — — FCEIF — — — — DMASIF | DMA2IF | DMALIF | DMAOIF |0000
15:0 | RTCCIF | FSCMIF | 12C2MIF | 12C2SIF | 12C2BIF U2TXIF U2RXIF U2EIF | SPI2RXIF | SPI2TXIF | SPI2EIF | CMP2IF | CMP1IF PMPIF AD1IF CNIF  |0000
1060 IECO 31:16| 12C1IMIE 12C1SIE 12C1BIE ULTXIE U1RXIE UlEIE SPIIRXIE | SPILTXIE | SPI1EIE OCSIE IC5IE TSIE INT4IE OC4IE IC4IE T4IE 0000
15:0 | INT3IE OC3IE IC3IE T3IE INT2IE OC2IE IC2IE T2IE INTL1IE OCLlIE IC1IE T1IE INTOIE CSlIE CSOIE CTIE |0000
1070 IEC1 31:16 — — — — — — — FCEIE — — — — DMABIE | DMAZ2IE | DMALIE | DMAOIE |[0000
15:0 | RTCCIE | FSCMIE | 12C2MIE — — — — — SPI2RXIE | SPI2TXIE | SPI2EIE | CMP2IE | CMP1IE PMPIE AD1IE CNIE |0000
1050 IPCO 31:16 — — — INTOIP<2:0> INTOIS<1:0> — — — CS1IP<2:0> CS11S<1:0> 0000
15:0 — — — CS0IP<2:0> CS01S<1:0> — — — CTIP<2:0> CTIS<1:0> 0000
1040 PC1 31:16 — — — INT1IP<2:0> INT11S<1:0> — — — OC1IP<2:0> OC1IS<1:0> 0000
15:0 — — — IC1IP<2:0> IC11S<1:0> — — — T1IP<2:0> T11S<1:0> 0000
1080 PC2 31:16 — — — INT2IP<2:0> INT2I1S<1:0> — — — OC2IP<2:0> 0OC2IS<1:0> 0000
15:0 — — — IC2I1P<2:0> 1C21S<1:0> — — — T2IP<2:0> T21S<1:0> 0000
10C0 PC3 31:16 — — — INT3IP<2:0> INT31S<1:0> — — — OC3IP<2:0> 0OC3IS<1:0> 0000
15:0 — — — IC3IP<2:0> IC31S<1:0> — — — T3IP<2:0> T31S<1:0> 0000
1000 1PC4 31:16 — — — INT41P<2:0> INT41S<1:0> — — — 0OC4IP<2:0> 0OC41S<1:0> 0000
15:0 — — — IC41P<2:0> 1C41S<1:0> — — — T41P<2:0> T41S<1:0> 0000
10E0 IPCS 31:16 — — — SPI1IP<2:0> SPI11S<1:0> — — — OC5IP<2:0> OC5IS<1:0> 0000
15:0 — — — IC5IP<2:0> IC51S<1:0> — — — T5IP<2:0> T51S<1:0> 0000
10F0 IPCE 31:16 — — — AD1IP<2:0> AD1IS<1:0> — — — CNIP<2:0> CNIS<1:0> 0000
15:0 — — — 12C11P<2:0> 12C11S<1:0> — — — U1IP<2:0> U11S<1:0> 0000
1100 PC7 31:16 — — — SPI2IP<2:0> SPI21S<1:0> — — — CMP2IP<2:0> CMP2IS<1:0> 0000
15:0 — — — CMP1IP<2:0> CMP1I1S<1:0> — — — PMPIP<2:0> PMPIS<1:0> 0000
1110 PC8 31:16 — — — RTCCIP<2:0> RTCCIS<1:0> — — — FSCMIP<2:0> FSCMIS<1:0> 0000
15:0 — — — 12C2IP<2:0> 12C21S<1:0> — — — U2I1P<2:0> U21S<1:0> 0000
1120 IPCO 31:16 — — — DMA3IP<2:0> DMAS3IS<1:0> — — — DMA2IP<2:0> DMA2|S<1:0> 0000
15:0 — — — DMAL1IP<2:0> DMA1IS<1:0> — — — DMAOQIP<2:0> DMAOIS<1:0> 0000
1140 PC11 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — — — — — — — — FCEIP<2:0> FCEIS<1:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Except where noted, all registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV
Registers” for more information.
2: This register does not have associated CLR, SET, and INV registers.
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TABLE 4-4: INTERRUPT REGISTERS MAP FOR PIC32MX320F032H, PIC32MX320F064H, PIC32MX320F128H AND PIC32MX320F128L
DEVICES ONLY®
2]
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31:16 — — — — — — — — — — — — — — — SSO 0000
1000 | INTCON
15:0 — — — MVEC — TPC<2:0> = = — INT4EP | INT3EP | INT2EP | INT1EP | INTOEP |0000
31:16 — — — — — — — — — — — — — — — — 0000
1010 |INTSTAT®
15:0 — — — — — SRIPL<2:0> — — VEC<5:0> 0000
31:16 0000
1020 | IPTMR IPTMR<31:0>
15:0 0000
1030 IESO 31:16| I2C1MIF | I2C1SIF 12C1BIF U1TXIF U1RXIF U1EIF SPIIRXIF | SPILTXIF | SPI1EIF OCSIF IC5IF TSIF INT4IF OC4IF ICAIF T4IF 0000
15:0 INT3IF OC3IF IC3IF T3IF INT2IF OC2IF IC2IF T2IF INT1IF OC1IF IC1IF T1IF INTOIF CS1IF CSOIF CTIF 0000
31:16 — — — — — — — FCEIF — — — — — — — — 0000
1040 IFS1 15:0 | RTCCIF FSCMIF | 12C2MIF | 12C2SIF 12C2BIF U2TXIF U2RXIF U2EIF SPI2RXIF | SPI2TXIF | SPI2EIF CMP2IF CMP1IF PMPIF AD1IF CNIF 0000
1060 IECO 31:16| 12C1IMIE 12C1SIE 12C1BIE ULTXIE U1RXIE UlEIE SPIIRXIE | SPILTXIE | SPI1EIE OCSIE IC5IE TSIE INT4IE OC4IE IC4IE T4IE 0000
15:0 INT3IE OC3IE IC3IE T3IE INT2IE OC2IE IC2IE T2IE INT1IE OCIlIE ICL1IE T1lE INTOIE CSl1IE CSOIE CTIE 0000
1070 IEC1 31:16 — — — — — — — FCEIE — — — — — — — — 0000
15:0 | RTCCIE FSCMIE 12C2MIE — — — — — SPI2RXIE | SPI2TXIE | SPI2EIE CMP2IE CMP1IE PMPIE ADI1IE CNIE 0000
31:16 — — — INTOIP<2:0> INTOIS<1:0> — — — CS1IP<2:0> CS1IS<1:0> 0000
1090 IPco 15:0 — — — CS0IP<2:0> CS0IS<1:0> — — — CTIP<2:0> CTIS<1:0> 0000
31:16 — — — INT1IP<2:0> INT11S<1:0> — — — OC1IP<2:0> OC11S<1:0> 0000
1040 IPC1 15:0 — — — IC1IP<2:0> IC11S<1:0> — — — T1IP<2:0> T11S<1:0> 0000
1080 IPC2 31:16 — — — INT2IP<2:0> INT21S<1:0> — — — 0OC2IP<2:0> 0OC2IS<1:0> 0000
15:.0 — — — IC2IP<2:0> 1C21S<1:0> — — — T2I1P<2:0> T21S<1:0> 0000
31:16 — — — INT3IP<2:0> INT31S<1:0> — — — OC3IP<2:0> OC3IS<1:0> 0000
1oco IPc3 15:0 — — — IC3IP<2:0> IC31S<1:0> — — — T3IP<2:0> T31S<1:0> 0000
31:16 — — — INT41P<2:0> INT41S<1:0> — — — OCA4IP<2:0> OCA41S<1:0> 0000
100 IPca 15:0 — — — IC41P<2:0> 1C41S<1:0> — — — T41P<2:0> T41S<1:0> 0000
10E0 IPC5 31:16 — — — SPI1IP<2:0> SPI1IS<1:0> — — — OC5IP<2:0> OC5IS<1:0> 0000
15:0 — — — IC51P<2:0> IC51S<1:0> — — — T5IP<2:0> T51S<1:0> 0000
31:16 — — — AD1IP<2:0> AD1IS<1:0> — — — CNIP<2:0> CNIS<1:0> 0000
10F0 IPce 15:0 — — — 12C11P<2:0> 12C11S<1:0> — — — U1IP<2:0> U1IS<1:0> 0000
31:16 — — — SPI2IP<2:0> SPI2IS<1:0> — — — CMP2IP<2:0> CMP2IS<1:0> 0000
1100 IPct 15:0 — — — CMP1IP<2:0> CMP1IS<1:0> — — — PMPIP<2:0> PMPIS<1:0> 0000
1110 1PC8 31:16 — — — RTCCIP<2:0> RTCCIS<1:0> — — — FSCMIP<2:0> FSCMIS<1:0> 0000
15:.0 — — — 12C2IP<2:0> 12C21S<1:0> — — — U2IP<2:0> U21S<1:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
1140 IPC11
15:0 — — — — — — — — — — — FCEIP<2:0> FCEIS<1:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Except where noted, all registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV

Registers” for more information.
2: This register does not have associated CLR, SET, and INV registers.
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TABLE 4-5: INTERRUPT REGISTERS MAP FOR PIC32MX440F128H, PIC32MX440F256H AND PIC32MX440F512H DEVICES ONLY®
@ Bits
2ol = o 2
° 9] ©
29| 28 | § 8
=L %g f'f 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 o
22| = @ <
S
31:16 — — — — — — — — — — — — — — — SS0 0000
1000 | INTCON
15:0 — — — MVEC — TPC<2:0> — — — INTAEP INT3EP INT2EP INT1EP INTOEP | 0000
(@|31:16 — — — — — — — — — — — — — — — — 0000
1010 [INTSTAT
15:.0 — — — — — SRIPL<2:0> — — VEC<5:0> 0000
31:16 0000
1020 | IPTMR IPTMR<31:0>
15:0 0000
1030 SO 31:16| I2C1IMIF | 12C1SIF | I2C1BIF ULTXIF U1RXIF U1EIF — — — OC5IF IC5IF T5IF INT4IF OCA4IF IC4IF T4IF 0000
15:0 | INT3IF OC3IF IC3IF T3IF INT2IF OC2IF IC2IF T2IF INT1IF OC1IF IC1IF T1IF INTOIF CS1IF CSOIF CTIF 0000
1040 IFS1 31:16 — — — — — — USBIF FCEIF — — — — DMAS3IF | DMA2IF | DMAL1IF | DMAOIF |0000
15:.0 | RTCCIF | FSCMIF | 12C2MIF | I2C2SIF | 12C2BIF U2TXIF U2RXIF U2EIF | SPI2RXIF | SPI2TXIF | SPI2EIF | CMP2IF | CMP1IF PMPIF AD1IF CNIF | 0000
1060 IECO 31:16| 12C1IMIE 12C1SIE 12C1BIE ULTXIE U1RXIE U1lEIE — — — OCSIE IC5IE TSIE INT4IE OC4IE IC4IE T4IE 0000
15:0 | INT3IE OC3IE IC3IE T3IE INT2IE OC2IE IC2IE T2IE INT1IE OC1IE IC1IE T1IE INTOIE CS1IE CSOIE CTIE |0000
1070 IEC1 31:16 — — — — — — USBIE FCEIE — — — — DMASBIE | DMAZ2IE | DMALIE | DMAOIE [0000
15:0 | RTCCIE FSCMIE 12C2MIE 12C2SIE 12C2BIE U2TXIE U2RXIE U2EIE SPI2RXIE | SPI2TXIE | SPI2EIE CMP2IE CMP1IE PMPIE ADI1IE CNIE 0000
1000 | pco [PEEL = - - INTOIP<2:0> INTOIS<1:0> = — — CS1IP<2:0> CS1IS<1:0> 0000
15:.0 — — — CS0IP<2:0> CS0IS<1:0> — — — CTIP<2:0> CTIS<1:0> 0000
10A0 IPC1 31:16 — — — INT1IP<2:0> INT11S<1:0> — — — 0OC1IP<2:0> 0OC1IS<1:0> 0000
15:.0 — — — IC1IP<2:0> IC11S<1:0> — — — T1IP<2:0> T1I1S<1:0> 0000
1080 IPC2 31:16 — — — INT2IP<2:0> INT2IS<1:0> — — — OC2IP<2:0> 0OC21S<1:0> 0000
15:0 — — — IC2IP<2:0> 1C21S<1:0> — — — T2I1P<2:0> T21S<1:0> 0000
10C0 PC3 31:16 — — — INT3IP<2:0> INT3IS<1:0> — — — OC3IP<2:0> OC3IS<1:0> 0000
15:.0 — — — IC3IP<2:0> IC31S<1:0> — — — T3IP<2:0> T3I1S<1:0> 0000
1000 1PC4 31:16 — — — INT41P<2:0> INT41S<1:0> — — — 0OC4IP<2:0> 0OC41S<1:0> 0000
15:.0 — — — 1C41P<2:0> 1C41S<1:0> — — — T41P<2:0> T41S<1:0> 0000
31:16 — — — — — — — — — — — OC5IP<2:0> OCb5IS<1:0> 0000
10E0 IPC5
15:0 — — — IC51P<2:0> IC51S<1:0> — — — T51P<2:0> T51S<1:0> 0000
10F0 PCE 31:16 — — — AD1IP<2:0> AD11S<1:0> — — — CNIP<2:0> CNIS<1:0> 0000
15:.0 — — — 12C1IP<2:0> 12C11S<1:0> — — — U1IP<2:0> U1IS<1:0> 0000
1100 PC7 31:16 — — — SPI2IP<2:0> SPI2IS<1:0> — — — CMP2IP<2:0> CMP2IS<1:0> 0000
15:.0 — — — CMP1IP<2:0> CMP1I1S<1:0> — — — PMPIP<2:0> PMPIS<1:0> 0000
1110 IPcs 31:16 — — — RTCCIP<2:0> RTCCIS<1:0> — — — FSCMIP<2:0> FSCMIS<1:0> 0000
15:0 — — — 12C2IP<2:0> 12C21S<1:0> — — — U2IP<2:0> U21S<1:0> 0000
1120 IPCY 31:16 — — — DMA3IP<2:0> DMA3IS<1:0> — — — DMA2IP<2:0> DMA2IS<1:0> 0000
15:.0 — — — DMA1IP<2:0> DMA1IS<1:0> — — — DMAOIP<2:0> DMAOQIS<1:0> 0000
31:16 — — — — — — — — — — — — — — — — 0000
1140 IPC11
15:0 — — — USBIP<2:0> USBIS<1:0> — — — FCEIP<2:0> FCEIS<1:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Except where noted, all registers in this table have corresponding CLR, SET, and INV registers at their virtual addresses, plus offsets of 0x4, 0x8, and OxC, respectively. See Section 12.1.1 “CLR, SET and INV
Registers” for more information.
2: This register does not have associated CLR, SET, and INV registers.
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TABLE 4-17: COMPARATOR REGISTERS MAP()
@ Bits
e . o} 2
e} [} [}
2g| @s 3 8
= 'E.'E E’% fx_, 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0 e
e @ <
£
31:16 — — — — — — — — — — — — — — — — 0000
A000 | CM1CON
15:0 ON COE CPOL — — — — CouT EVPOL<1:0> — CREF — — CCH<1:0> 00C3
31:16 — — — — — — — — — — — — — — — — 0000
A010 | CM2CON
15:0 ON COE CPOL — — — — CouTt EVPOL<1:0> — CREF — = CCH<1:0> 00C3
31:16 — — — — — — — — — — — — — — — — 0000
A060 | CMSTAT
15:0 — — SIDL — — — — — — — — — — — C20UT C10UT (0000
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, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more
information.
TABLE 4-18: COMPARATOR VOLTAGE REFERENCE REGISTERS MAP()
9 Bits
< T . ] 2]
o [} =2 [}
39| zZE | & 2
= '5_'5 &‘3’2 f'_:, 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 17/1 16/0 x
2 @ <
S
31:16 — — — — — — — — — — — — — — — — 0000
9800 | CVRCON
15:0 ON — — — — — — — — CVROE CVRR CVRSS CVR<3:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1:

information.

All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and OxC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more
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13.0 TIMER1

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. Itis notintended to be a compre-
hensive reference source. To comple-
ment the information in this data sheet,
refer to Section 14. “Timers” (DS61105)
of the "PIC32 Family Reference Manual”,
which is available from the Microchip web
site (www.microchip.com/PIC32).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

This family of PIC32MX devices features one
synchronous/asynchronous 16-bit timer that can oper-
ate as a free-running interval timer for various timing
applications and counting external events. This timer
can also be used with the Secondary Oscillator (Sosc)
for real-time clock applications. The following modes
are supported:

e Synchronous Internal Timer

« Synchronous Internal Gated Timer

¢ Synchronous External Timer

« Asynchronous External Timer

13.1 Additional Supported Features

» Selectable clock prescaler

« Timer operation during CPU Idle and Sleep mode

 Fast bit manipulation using CLR, SET and INV
registers

» Asynchronous mode can be used with the Sosc
to function as a Real-Time Clock (RTC)

FIGURE 13-1: TIMER1 BLOCK DIAGRAM®)
PR1
2
Equal ' '
16-bit Comparator ' TSYNC (T1CON<2>) '
g E r
TMR1 3 Z
Reset ' !
: @ :
T1IF 0 (L L EEE R -
Event Flag 1 Q D-e 3 TGATE (T1CON<7>)
Q
TGATE (TLCON<7>) TCS (T1ICON<1>)
ON (T1CON<15>)
' SOSCO/T1CK XI > e
| : WL 1
; SOSCEN | Gate | Prescaler
, ) Sync 10 1, 8, 64, 256
l soscl l
' ' PBCLK 00 2
____________________________ TCKPS<1:0>
(TLCON<5:4>)

Configuration Word DEVCFGL1.

Note 1: The default state of the SOSCEN (OSCCON<1>) during a device Reset is controlled by the FSOSCEN bit in

© 2011 Microchip Technology Inc.
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220  10-BIT ANALOG-TO-DIGITAL
CONVERTER (ADC)

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. Itis not intended to be a compre-
hensive reference source. Refer to Sec-
tion 17. “10-bit Analog-to-Digital
Converter (ADC)” (DS61104) of the
“PIC32 Family Reference Manual”, which
is available from the Microchip web site
(www.microchip.com/PIC32).

2. Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

The PIC32MX3XX/4XX 10-bit Analog-to-Digital
Converter (ADC) includes the following features:

» Successive Approximation Register (SAR)
conversion

* Up to 1000 kilo samples per second (ksps)
conversion speed

* Up to 16 analog input pins
« External voltage reference input pins

* One unipolar, differential Sample-and-Hold
Amplifier (SHA)

FIGURE 22-1:

« Automatic Channel Scan mode

» Selectable conversion trigger source

» 16-word conversion result buffer

» Selectable Buffer Fill modes

« Eight conversion result format options

» Operation during CPU Sleep and Idle modes

A block diagram of the 10-bit ADC is illustrated in
Figure 22-1. The 10-bit ADC has 16 analog input pins,
designated ANO-AN15. In addition, there are two ana-
log input pins for external voltage reference connec-
tions. These voltage reference inputs may be shared
with other analog input pins and may be common to
other analog module references.

The analog inputs are connected through two multi-
plexers (MUXs) to one SHA. The analog input MUXs
can be switched between two sets of analog inputs
between conversions. Unipolar differential conversions
are possible on all channels, other than the pin used as
the reference, using a reference input pin (see
Figure 22-1).

The Analog Input Scan mode sequentially converts
user-specified channels. A control register specifies
which analog input channels will be included in the
scanning sequence.

The 10-bit ADC is connected to a 16-word result buffer.
Each 10-bit result is converted to one of eight, 32-bit
output formats when it is read from the result buffer.

ADC1 MODULE BLOCK DIAGRAM

Vree+® AVDD  vrer-(M) Avss

i

CHANNEL S
SCAN P *
CHOSB<4:0>
CHOSAS4:0> >y

|
|
|
|
|
|
|
|
|
w CSCNA
|
|
|
|
|
|
|
|

AN1

VREFL——»
<«—o

CHONA CHONB

Alternate
Input Selection

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

" VCFG<2:0>
|
| ADC1BUFO
| ADC1BUF1
: ADC1BUF2
| VREFH VREFL |
| |
|
L1 |
RE ; | SAR ADC ) |
|
L ‘
I |
|
I |
| |
: ADC1BUFE
| ADC1BUFF
|
|
|
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24,0 COMPARATOR VOLTAGE
REFERENCE (CVREF)

Note 1: This data sheet summarizes the features
of the PIC32MX3XX/4XX family of
devices. Itis not intended to be a compre-
hensive reference source. Refer to Sec-
tion 20. “Comparator Voltage
Reference (CVRer)” (DS61109) of the
“PIC32 Family Reference Manual”, which
is available from the Microchip web site
(www.microchip.com/PIC32).

2. Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

FIGURE 24-1:

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

A Dblock diagram of the module is illustrated in
Figure 24-1. The resistor ladder is segmented to
provide two ranges of voltage reference values and has
a power-down function to conserve power when the
reference is not being used. The module’s supply refer-
ence can be provided from either device VDD/VSS or an
external voltage reference. The CVREF output is avail-
able for the comparators and typically available for pin
output.

The comparator voltage reference has the following

features:

» High and low range selection

 Sixteen output levels available for each range

« Internally connected to comparators to conserve
device pins

« Output can be connected to a pin

COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

CVRSS =1

VREF+ g'—o
X o\° L
AV CVRSS =0

©
Py

Pl

CVREN

CVR3:CVRO

ol

———— > CVREF

16 Steps <

r=—n

o CVREF
N :l\_ N & ouT

CVRCON<CVROE>

16-to-1 MUX

o X D
AWM= - = =~ AATAMAAWAR-AAA—AN

I U 3D

CVRR |

CVRSS =1
VReF- X}——
\07

Avss [G———
CVRSS =0

T
3
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The processor will exit, or ‘wake-up’, from Sleep on one
of the following events:

* On any interrupt from an enabled source that is
operating in Sleep. The interrupt priority must be
greater than the current CPU priority.

* On any form of device Reset.

* On a WDT time-out. See Section 26.2 “Watchdog
Timer (WDT)".

If the interrupt priority is lower than or equal to current

priority, the CPU will remain halted, but the PBCLK will

start running and the device will enter into Idle mode.

Note: There is no FRZ mode for this module. I

25.3.2 IDLE MODE

In the Idle mode, the CPU is halted but the System
clock (SYSCLK) source is still enabled. This allows
peripherals to continue operation when the CPU is
halted. Peripherals can be individually configured to
halt when entering Idle by setting their respective SIDL
bit. Latency when exiting Idle mode is very low due to
the CPU oscillator source remaining active.

Note:  Changing the PBCLK divider ratio
requires recalculation of peripheral timing.
For example, assume the UART is config-
ured for 9600 baud with a PB clock ratio of
1:1 and a Posc of 8 MHz. When the PB
clock divisor of 1:2 is used, the input fre-
quency to the baud clock is cut in half;
therefore, the baud rate is reduced to 1/2
its former value. Due to numeric truncation
in calculations (such as the baud rate divi-
sor), the actual baud rate may be a tiny
percentage different than expected. For
this reason, any timing calculation
required for a peripheral should be per-
formed with the new PB clock frequency
instead of scaling the previous value
based on a change in PB divisor ratio.

Oscillator start-up and PLL lock delays are
applied when switching to a clock source
that was disabled and that uses a crystal
and/or the PLL. For example, assume the
clock source is switched from Posc to
LPRC just prior to entering Sleep in order to
save power. No oscillator start-up delay
would be applied when exiting Idle. How-
ever, when switching back to Posc, the
appropriate PLL  and/or  oscillator
startup/lock delays would be applied.

The device enters Idle mode when the SLPEN
(OSCCON<4>) hit is clear and a WAIT instruction is
executed.

The processor will wake or exit from Idle mode on the
following events:

* On any interrupt event for which the interrupt
source is enabled. The priority of the interrupt
event must be greater than the current priority of
CPU. If the priority of the interrupt event is lower
than or equal to current priority of CPU, the CPU
will remain halted and the device will remain in
Idle mode.

« On any source of device Reset.

¢ On a WDT time-out interrupt. See Section 26.2
“Watchdog Timer (WDT)".

25.3.3 PERIPHERAL BUS SCALING
METHOD

Most of the peripherals on the device are clocked using
the PBCLK. The peripheral bus can be scaled relative
to the SYSCLK to minimize the dynamic power con-
sumed by the peripherals. The PBCLK divisor is con-
trolled by PBDIV<1:0> (OSCCON<20:19>), allowing
SYSCLK-to-PBCLK ratios of 1:1, 1:2, 1:4 and 1:8. All
peripherals using PBCLK are affected when the divisor
is changed. Peripherals such as USB, Interrupt Con-
troller, DMA, Bus Matrix and Prefetch Cache are
clocked directly from SYSCLK, as a result, they are not
affected by PBCLK divisor changes

Changing the PBCLK divisor affects:

» The CPU to peripheral access latency. The CPU
has to wait for next PBCLK edge for a read to
complete. In 1:8 mode this results in a latency of
one to seven SYSCLKSs.

« The power consumption of the peripherals. Power
consumption is directly proportional to the fre-
quency at which the peripherals are clocked. The
greater the divisor, the lower the power consumed
by the peripherals.

To minimize dynamic power the PB divisor should be
chosen to run the peripherals at the lowest frequency
that provides acceptable system performance. When
selecting a PBCLK divider, peripheral clock require-
ments such as baud rate accuracy should be taken into
account. For example, the UART peripheral may not be
able to achieve all baud rate values at some PBCLK
divider depending on the SYSCLK value.

DS61143H-page 130
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TABLE 29-6: DC CHARACTERISTICS: IDLE CURRENT (lIDLE)

Standard Operating Conditions: 2.3V to 3.6V
unless otherwise stated
DC CHARACTERISTICS E)perating temperature -)40°C <TA <+85°C for Industrial
-40°C <TA <+105°C for V-Temp

Parirgeter Typical(z) Max. Units Conditions
Idle Current (liDLE): Core OFF, Clock ON Base Current (Note 1)
DC30 — 5 mA -40°C, +25°C, +85°C 2.3V
DC30a 14 — mA -40°C, +25°C, +85°C —
DC30b — 5 mA -40°C, +25°C, +85°C 4 MHz
DC30c — 8 mA +105°C 36V
DC31 — 15 mA -40°C, +25°C, +85°C 2.3V
DC3la 13 — mA -40°C, +25°C, +85°C — 20 MHz
DC31b — 17 mA -40°C, +25°C, +85°C 36V (Note 3)
DC31c — 25 mA +105°C
DC32 — 22 mA -40°C, +25°C, +85°C 2.3V
DC32a 20 — mA -40°C, +25°C, +85°C — 60 MHz
DC32b — 25 mA -40°C, +25°C, +85°C 36V (Note 3)
DC32c — 32 mA +105°C
DC33 — 29 mA -40°C, +25°C, +85°C 2.3V
DC33a 24 — mA -40°C, +25°C, +85°C —

80 MHz
DC33b — 32 mA -40°C, +25°C, +85°C 3.6V
DC33c — 40 mA +105°C
DC34 — 36 HA -40°C
DC34a — 62 MA +25°C
DC34b — 392 HA +85°C 23V
DC34c — 550 HA +105°C
DC35 35 — HA -40°C
DC35a 65 — HA +25°C LPRC (31 kHz)
DC35b 242 — MA +85°C 3.3V (Note 3)
DC35c 350 — MA +105°C
DC36 — 43 pA -40°C
DC36a — 106 HA +25°C
DC36b — 414 PA +85°C 36V
DC36¢ — 600 HA +105°C

Note 1. The test conditions for base IDLE current measurements are as follows: System clock is enabled and
PBCLK divisor = 1:8. CPU in Idle mode (CPU core halted). Only digital peripheral modules are enabled
(ON bit = 1) and being clocked. WDT and FSCM are disabled. All I/O pins are configured as inputs and
pulled to Vss. MCLR = VDD.

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: This parameter is characterized, but not tested in manufacturing.
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FIGURE 29-10: SPIx MODULE MASTER MODE (CKE = 0) TIMING CHARACTERISTICS
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Note: Refer to Figure 29-1 for load conditions.
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TABLE 29-28: SPIx MASTER MODE (CKE = 0) TIMING REQUIREMENTS

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

Pa,\zsm. Symbol Characteristics® Min. |Typical® | Max. | Units Conditions
SP10 |TscL SCKx Output Low Time®) Tsck/2 _ _ ns —_
SP11 |TscH SCKx Output High Time® Tsck/2 — — ns —
SP20 |TscF SCKx Output Fall Time®) — — — ns | See parameter DO32
SP21 |TscR SCKx Output Rise Time®) — — — | ns | See parameter DO31
SP30 | TpoF SDOx Data Output Fall Time® | — — — | ns | See parameter DO32
SP31 |TpoR SDOx Data Output Rise Time® | — — — | ns | See parameter DO31
SP35 | TscH2bpoV, | SDOx Data Output Valid after — — 15 ns VDD > 2.7V
TscL2poV | SCKx Edge — — 20 ns VDD < 2.7V
SP40 |TbIV2scH, |Setup Time of SDIx Data Input 10 — — ns —
TpIV2scL |to SCKx Edge
SP41 | TscH2piL, |Hold Time of SDIx Data Input 10 — — ns —
TscL2pIL |to SCKx Edge
Note 1: These parameters are characterized, but not tested in manufacturing.
2. Datain “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 40 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4: Assumes 50 pF load on all SPIx pins.
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TABLE 29-36: ANALOG-TO-DIGITAL CONVERSION TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)

Operating temperature

-40°C <TA <+85°C for Industrial
-40°C <TAa <+105°C for V-Temp

Pa;\rlga)m. Symbol Characteristics Min. Typical(l) Max. Units Conditions
Clock Parameters
AD50 |TaD Analog-to-Digital Clock Period 65 — — ns See Table 29-35 and
Note 2
AD51 |TRC Analog-to-Digital Internal RC — 250 — ns See Note 3
Oscillator Period
Conversion Rate
AD55 |TCcoNv | Conversion Time — 12 TAD — — —
AD56 |FcNv Throughput Rate — — 1000 KSPS | AVDD = 3.0V to 3.6V
(Sampling Speed) — — 400 | KSPS | AVDD = 2.5V 10 3.6V
AD57 |Tsamp | Sample Time 1 TaD — — — TSAMP must be > 132
ns.
Timing Parameters
AD60 |TPCS Conversion Start from Sample — 1.0 TAD — — Auto-Convert Trigger
Trigger (SSRC<2:0> =111)
not selected.
See Note 3
AD61 |TPSS Sample Start from Setting 0.5 TaD — 1.5 TaD — —
Sample (SAMP) bit
AD62 |TCss Conversion Completion to — 0.5 TaD — — See Note 3
Sample Start (ASAM = 1)
AD63 | TDPU Time to Stabilize Analog Stage — — 2 us See Note 3
from Analog-to-Digital OFF to
Analog-to-Digital ON
Note 1. These parameters are characterized, but not tested in manufacturing.
2: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures.
3: Characterized by design but not tested.
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30.2

Package Details

The following sections give the technical details of the packages.

64-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
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Units MILLIMETERS
Dimension Limits MIN | NOM MAX
Number of Leads N 64
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [} 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°
Notes:

1.

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

2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions 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.
Microchip Technology Drawing C04-085B
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APPENDIX A: REVISION HISTORY Revision F (June 2009)

Revision E (July 2008)

This revision includes minor typographical and
formatting changes throughout the data sheet text.

« Updated the PIC32MX340F128H features in Global changes include:
Tﬁble 1It° include 4 programmable DMA « Changed all instances of OSCI to OSC1 and
channels.

OSCO to OSC2

« Changed all instances of VDDCORE and
VDDCORE/VCAP to VCAP/VDDCORE

» Deleted registers in most sections, refer to the
related section of the “PIC32 Family Reference
Manual” (DS61132).

The other changes are referenced by their respective
section in the following table.

TABLE A-1: MAJOR SECTION UPDATES

Section Name

Update Description

“High-Performance, General
Purpose and USB 32-bit Flash
Microcontrollers”

Added a “Packages” column to Table 1 and Table 2.

Corrected all pin diagrams to update the following pin names.
¢ Changed PGC1/EMUC1 to PGEC1
e Changed PGD1/EMUD1 to PGED1
¢ Changed PGC2/EMUC?2 to PGEC2
¢ Changed PGD2/EMUD?2 to PGED2

Shaded appropriate pins in each diagram to indicate which pins are 5V tolerant.

Added 64-Lead QFN package pin diagrams, one for General Purpose and one
for USB.

Section 1.0 “Device Overview”

Reconstructed Figure 1-1 to include Timers, ADC and RTCC in the block
diagram.

Section 2.0 “Guidelines for
Getting Started with 32-bit
Microcontrollers”

Added a new section to the data sheet that provides the following information:

¢ Basic Connection Requirements

« Capacitors

¢ Master Clear Pin

¢ ICSP™ Pins

« External Oscillator Pins

« Configuration of Analog and Digital Pins
¢ Unused I/0Os

Section 4.0 “Memory
Organization”

Updated the memory maps, Figure 4-1 through Figure 4-6.

All summary peripheral register maps were relocated to Section 4.0 “Memory
Organization”.

Section 7.0 “Interrupt
Controller”

Removed the “Address” column from Table 7-1.

Section 12.0 “1/O Ports”

Added a second paragraph in Section 12.1.3 “Analog Inputs” to clarify that all
pins that share ANXx functions are analog by default, because the AD1PCFG
register has a default value of 0x0000.
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