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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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PIC32MX3XX/4XX
K4 AN8/C1OUT/RB8 L3 AVSS

K5 No Connect (NC) L4 AN9/C2OUT/RB9

K6 U2CTS/RF12 L5 AN10/CVREFOUT/PMA13/RB10

K7 AN14/PMALH/PMA1/RB14 L6 U2RTS/RF13

K8 VDD L7 AN13/PMA10/RB13

K9 U1RTS/CN21/RD15 L8 AN15/OCFB/PMALL/PMA0/CN12/RB15

K10 U1TX/RF3 L9 CN20/U1CTS/RD14

K11 U1RX/RF2 L10 U2RX/PMA9/CN17/RF4

L1 PGEC2/AN6/OCFA/RB6 L11 U2TX/PMA8/CN18/RF5

L2 VREF-/CVREF-/PMA7/RA9

TABLE 3: PIN NAMES: PIC32MX320F128L, PIC32MX340F128L, PIC32MX360F128L, AND 
PIC32MX360F512L DEVICES (CONTINUED)

Pin 
Number Full Pin Name Pin 

Number Full Pin Name
© 2011 Microchip Technology Inc. DS61143H-page 11



PIC32MX3XX/4XX

Pin Diagrams (Continued) 

121-Pin XBGA(1)

1 2 3 4 5 6 7 8 9 10 11

A
RE4 RE3 RG13 RE0 RG0 RF1 ENVREG VSS RD12 RD2 RD1

B NC RG15 RE2 RE1 RA7 RF0 VCORE/
VCAP

RD5 RD3 VSS RC14

C
RE6 VDD RG12 RG14 RA6 NC RD7 RD4 VDD RC13 RD11

D
RC1 RE7 RE5 VSS VSS NC RD6 RD13 RD0 NC RD10

E
RC4 RC3 RG6 RC2 VDD RG1 VSS RA15 RD8 RD9 RA14

F
MCLR RG8 RG9 RG7 VSS NC NC VDD RC12 VSS RC15

G
RE8 RE9 RA0 NC VDD VSS VSS NC RA5 RA3 RA4

H
RB5 RB4 VSS VDD NC VDD NC VBUS VUSB RG2 RA2

J
RB3 RB2 RB7 AVDD RB11 RA1 RB12 NC NC RF8 RG3

K
RB1 RB0 RA10 RB8 NC RF12 RB14 VDD RD15 RF3 RF2

L
RB6 RA9 AVSS RB9 RB10 RF13 RB13 RB15 RD14 RF4 RF5

Note 1: Refer to Table 4 for full pin names.

= Pins are up to 5V tolerant

PIC32MX440F128L
PIC32MX460F256L
PIC32MX460F512L
© 2011 Microchip Technology Inc. DS61143H-page 15



PIC32MX3XX/4XX
TO OUR VALUED CUSTOMERS
It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced. 
If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:

http://www.microchip.com
You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata
An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.
To determine if an errata sheet exists for a particular device, please check with one of the following:
• Microchip’s Worldwide Web site; http://www.microchip.com
• Your local Microchip sales office (see last page)
When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System
Register on our web site at www.microchip.com to receive the most current information on all of our products.
© 2011 Microchip Technology Inc. DS61143H-page 19
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2.5 ICSP Pins
The PGECx and PGEDx pins are used for In-Circuit
Serial Programming™ (ICSP™) and debugging pur-
poses. It is recommended to keep the trace length
between the ICSP connector and the ICSP pins on the
device as short as possible. If the ICSP connector is
expected to experience an ESD event, a series resistor
is recommended, with the value in the range of a few
tens of Ohms, not to exceed 100 Ohms. 

Pull-up resistors, series diodes and capacitors on the
PGECx and PGEDx pins are not recommended as they
will interfere with the programmer/debugger communi-
cations to the device. If such discrete components are
an application requirement, they should be removed
from the circuit during programming and debugging.
Alternately, refer to the AC/DC characteristics and tim-
ing requirements information in the respective device
Flash programming specification for information on
capacitive loading limits and pin input voltage high (VIH)
and input low (VIL) requirements.

Ensure that the “Communication Channel Select” (i.e.,
PGECx/PGEDx pins) programmed into the device
matches the physical connections for the ICSP to
MPLAB® ICD 2, MPLAB ICD 3 or MPLAB REAL ICE™.

For more information on ICD 2, ICD 3 and REAL ICE
connection requirements, refer to the following
documents that are available on the Microchip web
site.

• “MPLAB® ICD 2 In-Circuit Debugger User’s 
Guide” DS51331

• “Using MPLAB® ICD 2” (poster) DS51265
• “MPLAB® ICD 2 Design Advisory” DS51566
• “Using MPLAB® ICD 3” (poster) DS51765
• “MPLAB® ICD 3 Design Advisory” DS51764
• “MPLAB® REAL ICE™ In-Circuit Debugger 

User’s Guide” DS51616
• “Using MPLAB® REAL ICE™” (poster) DS51749

2.6 JTAG
The TMS, TDO, TDI and TCK pins are used for testing
and debugging according to the Joint Test Action
Group (JTAG) standard. It is recommended to keep the
trace length between the JTAG connector and the
JTAG pins on the device as short as possible. If the
JTAG connector is expected to experience an ESD
event, a series resistor is recommended, with the value
in the range of a few tens of Ohms, not to exceed 100
Ohms. 

Pull-up resistors, series diodes and capacitors on the
TMS, TDO, TDI and TCK pins are not recommended
as they will interfere with the programmer/debugger
communications to the device. If such discrete compo-
nents are an application requirement, they should be
removed from the circuit during programming and
debugging. Alternately, refer to the AC/DC characteris-
tics and timing requirements information in the respec-
tive device Flash programming specification for
information on capacitive loading limits and pin input
voltage high (VIH) and input low (VIL) requirements.

2.7 Trace
The trace pins can be connected to a hardware-trace-
enabled programmer to provide a compress real time
instruction trace. When used for trace the TRD3,
TRD2, TRD1, TRD0 and TRCLK pins should be dedi-
cated for this use. The trace hardware requires a 22
Ohm series resistor between the trace pins and the
trace connector.

2.8 External Oscillator Pins
Many MCUs have options for at least two oscillators: a
high-frequency primary oscillator and a low-frequency
secondary oscillator (refer to Section 8.0 “Oscillator
Configuration” for details). 

The oscillator circuit should be placed on the same
side of the board as the device. Also, place the
oscillator circuit close to the respective oscillator pins,
not exceeding one-half inch (12 mm) distance
between them. The load capacitors should be placed
next to the oscillator itself, on the same side of the
board. Use a grounded copper pour around the
oscillator circuit to isolate them from surrounding
circuits. The grounded copper pour should be routed
directly to the MCU ground. Do not run any signal
traces or power traces inside the ground pour. Also, if
using a two-sided board, avoid any traces on the
other side of the board where the crystal is placed. A
suggested layout is illustrated in Figure 2-3. 

FIGURE 2-3: SUGGESTED PLACEMENT 
OF THE OSCILLATOR 
CIRCUIT

Main Oscillator

Guard Ring

Guard Trace

Secondary
Oscillator
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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
• Address unit for calculating the next instruction

address
• Logic for branch determination and branch target

address calculation
• Load aligner
• 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 IU 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.
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The MIPS architecture defines that the result of a mul-
tiply or divide operation be placed in the HI and LO reg-
isters. Using the Move-From-HI (MFHI) and Move-
From-LO (MFLO) instructions, these values can be
transferred to the general purpose register file.

In addition to the HI/LO targeted operations, the
MIPS32 architecture also defines a multiply instruction,
MUL, which places the least significant results in the
primary register file instead of the HI/LO register pair.
By avoiding the explicit MFLO instruction, required
when using the LO register, and by supporting multiple
destination registers, the throughput of
multiply-intensive operations is increased.

Two other instructions, multiply-add (MADD) and multi-
ply-subtract (MSUB), are used to perform the multiply-
accumulate and multiply-subtract operations. The
MADD instruction multiplies two numbers and then adds

the product to the current contents of the HI and LO
registers. Similarly, the MSUB instruction multiplies two
operands and then subtracts the product from the HI
and LO registers. The MADD and MSUB operations
are commonly used in DSP algorithms.

3.2.3 SYSTEM CONTROL 
COPROCESSOR (CP0)

In the MIPS architecture, CP0 is responsible for the vir-
tual-to-physical address translation, the exception con-
trol system, the processor’s diagnostics capability, the
operating modes (kernel, user and debug), and
whether interrupts are enabled or disabled. Configura-
tion information, such as presence of options like
MIPS16e, is also available by accessing the CP0
registers, listed in Table 3-2. 

TABLE 3-1: MIPS® M4K® PROCESSOR CORE HIGH-PERFORMANCE INTEGER 
MULTIPLY/DIVIDE UNIT LATENCIES AND REPEAT RATES

Opcode Operand Size (mul rt) (div rs) Latency Repeat Rate

MULT/MULTU, MADD/MADDU, 
MSUB/MSUBU

16 bits 1 1
32 bits 2 2

MUL 16 bits 2 1
32 bits 3 2

DIV/DIVU 8 bits 12 11
16 bits 19 18
24 bits 26 25
32 bits 33 32

TABLE 3-2: COPROCESSOR 0 REGISTERS
Register
Number

Register 
Name Function

0-6 Reserved Reserved
7 HWREna Enables access via the RDHWR instruction to selected hardware registers
8 BadVAddr(1) Reports the address for the most recent address-related exception
9 Count(1) Processor cycle count
10 Reserved Reserved
11 Compare(1) Timer interrupt control
12 Status(1) Processor status and control
12 IntCtl(1) Interrupt system status and control
12 SRSCtl(1) Shadow register set status and control
12 SRSMap(1) Provides mapping from vectored interrupt to a shadow set
13 Cause(1) Cause of last general exception
14 EPC(1) Program counter at last exception
15 PRId Processor identification and revision
15 EBASE Exception vector base register
16 Config Configuration register
16 Config1 Configuration register 1
16 Config2 Configuration register 2
16 Config3 Configuration register 3
© 2011 Microchip Technology Inc. DS61143H-page 39
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FIGURE 4-3: MEMORY MAP ON RESET FOR PIC32MX320F128H AND PIC32MX320F128L 

DEVICES(1) 

Virtual
Memory Map

Physical 
Memory Map

0xFFFFFFFF
Reserved

Reserved

0xFFFFFFFF
0xBFC03000
0xBFC02FFF Device 

Configuration 
Registers0xBFC02FF0

0xBFC02FEF
Boot Flash

0xBFC00000

Reserved
0xBF900000

0xBF8FFFFF
SFRs

0xBF800000

Reserved
0xBD020000
0xBD01FFFF

Program Flash(2)

0xBD000000

Reserved
0xA0004000
0xA0003FFF

RAM(2)

0xA0000000 0x1FC03000

Reserved Device
Configuration

Registers

0x1FC02FFF
0x9FC03000
0x9FC02FFF Device

Configuration
Registers

0x1FC02FF0

Boot Flash
0x1FC02FEF

0x9FC02FEF
0x9FC02FEF

Boot Flash
0x1FC00000

Reserved
0x9FC00000 0x1F900000

Reserved SFRs
0x1F8FFFFF

0x9D020000 0x1F800000
0x9D01FFFF

Program Flash(2) Reserved
0x9D000000 0x1D020000

Reserved
Program Flash(2)

0x1D01FFFF
0x80004000
0x80003FFF

RAM(2)
0x1D000000

Reserved
0x80000000 0x00004000

Reserved RAM(2) 0x00003FFF
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”

(DS61115)) and can be changed by initialization code provided by end-user development
tools (refer to the specific development tool documentation for information).
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FIGURE 4-4: MEMORY MAP ON RESET FOR PIC32MX340F128H, PIC32MX340F128L, 

PIC32MX440F128H AND PIC32MX440F128L DEVICES(1) 

Virtual
Memory Map

Physical 
Memory Map

0xFFFFFFFF
Reserved

Reserved

0xFFFFFFFF
0xBFC03000
0xBFC02FFF Device 

Configuration 
Registers0xBFC02FF0

0xBFC02FEF
Boot Flash

0xBFC00000

Reserved
0xBF900000

0xBF8FFFFF
SFRs

0xBF800000

Reserved
0xBD020000
0xBD01FFFF

Program Flash(2)

0xBD000000

Reserved
0xA0008000
0xA0007FFF

RAM(2)

0xA0000000 0x1FC03000

Reserved Device
Configuration

Registers

0x1FC02FFF
0x9FC03000
0x9FC02FFF Device

Configuration
Registers

0x1FC02FF0

Boot Flash
0x1FC02FEF

0x9FC02FEF
0x9FC02FEF

Boot Flash
0x1FC00000

Reserved
0x9FC00000 0x1F900000

Reserved SFRs
0x1F8FFFFF

0x9D020000 0x1F800000
0x9D01FFFF

Program Flash(2) Reserved
0x9D000000 0x1D020000

Reserved
Program Flash(2)

0x1D01FFFF
0x80008000
0x80007FFF

RAM(2)
0x1D000000

Reserved
0x80000000 0x00008000

Reserved RAM(2) 0x00007FFF
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”

(DS61115)) and can be changed by initialization code provided by end-user development
tools (refer to the specific development tool documentation for information).
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FIGURE 4-6: MEMORY MAP ON RESET FOR PIC32MX340F512H, PIC32MX360F512L, 

PIC32MX440F512H AND PIC32MX460F512L DEVICES(1) 

Virtual
Memory Map

Physical 
Memory Map

0xFFFFFFFF
Reserved

Reserved

0xFFFFFFFF
0xBFC03000
0xBFC02FFF Device 

Configuration 
Registers0xBFC02FF0

0xBFC02FEF
Boot Flash

0xBFC00000

Reserved
0xBF900000

0xBF8FFFFF
SFRs

0xBF800000

Reserved
0xBD080000
0xBD07FFFF

Program Flash(2)

0xBD000000

Reserved
0xA0008000
0xA0007FFF

RAM(2)

0xA0000000 0x1FC03000

Reserved Device
Configuration

Registers

0x1FC02FFF
0x9FC03000
0x9FC02FFF Device

Configuration
Registers

0x1FC02FF0

Boot Flash
0x1FC02FEF

0x9FC02FEF
0x9FC02FEF

Boot Flash
0x1FC00000

Reserved
0x9FC00000 0x1F900000

Reserved SFRs
0x1F8FFFFF

0x9D080000 0x1F800000
0x9D07FFFF

Program Flash(2) Reserved
0x9D000000 0x1D080000

Reserved
Program Flash(2)

0x1D07FFFF
0x80008000
0x80007FFF

RAM(2)
0x1D000000

Reserved
0x80000000 0x00008000

Reserved RAM(2) 0x00007FFF
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”

(DS61115)) and can be changed by initialization code provided by end-user development
tools (refer to the specific development tool documentation for information).
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TA 128H AND PIC32MX320F128L 
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19/3 18/2 17/1 16/0

10
— — — SS0 0000

INT3EP INT2EP INT1EP INT0EP 0000

10
— — — — 0000

VEC<5:0> 0000

10
0000

0000

10
INT4IF OC4IF IC4IF T4IF 0000

INT0IF CS1IF CS0IF CTIF 0000

10
— — — — 0000

CMP1IF PMPIF AD1IF CNIF 0000

10
INT4IE OC4IE IC4IE T4IE 0000

INT0IE CS1IE CS0IE CTIE 0000

10
— — — — 0000

CMP1IE PMPIE AD1IE CNIE 0000

10
CS1IP<2:0> CS1IS<1:0> 0000

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

10
OC1IP<2:0> OC1IS<1:0> 0000

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

10
OC2IP<2:0> OC2IS<1:0> 0000

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

10
OC3IP<2:0> OC3IS<1:0> 0000

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

10
OC4IP<2:0> OC4IS<1:0> 0000

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

10
OC5IP<2:0> OC5IS<1:0> 0000

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

10
CNIP<2:0> CNIS<1:0> 0000

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

11
MP2IP<2:0> CMP2IS<1:0> 0000

PMPIP<2:0> PMPIS<1:0> 0000

11
SCMIP<2:0> FSCMIS<1:0> 0000

U2IP<2:0> U2IS<1:0> 0000

11
— — — — 0000

FCEIP<2:0> FCEIS<1:0> 0000
Leg
No ectively. See Section 12.1.1 “CLR, SET and INV 
BLE 4-4: INTERRUPT REGISTERS MAP FOR PIC32MX320F032H, PIC32MX320F064H, PIC32MX320F
DEVICES ONLY(1)
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Bits

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

00 INTCON
31:16 — — — — — — — — — — — —
15:0 — — — MVEC — TPC<2:0> — — — INT4EP

10 INTSTAT(2) 31:16 — — — — — — — — — — — —
15:0 — — — — — SRIPL<2:0> — —

20 IPTMR
31:16

IPTMR<31:0>
15:0

30 IFS0
31:16 I2C1MIF I2C1SIF I2C1BIF U1TXIF U1RXIF U1EIF SPI1RXIF SPI1TXIF SPI1EIF OC5IF IC5IF T5IF
15:0 INT3IF OC3IF IC3IF T3IF INT2IF OC2IF IC2IF T2IF INT1IF OC1IF IC1IF T1IF

40 IFS1
31:16 — — — — — — — FCEIF — — — —
15:0 RTCCIF FSCMIF I2C2MIF I2C2SIF I2C2BIF U2TXIF U2RXIF U2EIF SPI2RXIF SPI2TXIF SPI2EIF CMP2IF

60 IEC0
31:16 I2C1MIE I2C1SIE I2C1BIE U1TXIE U1RXIE U1EIE SPI1RXIE SPI1TXIE SPI1EIE OC5IE IC5IE T5IE
15:0 INT3IE OC3IE IC3IE T3IE INT2IE OC2IE IC2IE T2IE INT1IE OC1IE IC1IE T1IE

70 IEC1
31:16 — — — — — — — FCEIE — — — —
15:0 RTCCIE FSCMIE I2C2MIE — — — — — SPI2RXIE SPI2TXIE SPI2EIE CMP2IE

90 IPC0
31:16 — — — INT0IP<2:0> INT0IS<1:0> — — —
15:0 — — — CS0IP<2:0> CS0IS<1:0> — — —

A0 IPC1
31:16 — — — INT1IP<2:0> INT1IS<1:0> — — —
15:0 — — — IC1IP<2:0> IC1IS<1:0> — — —

B0 IPC2
31:16 — — — INT2IP<2:0> INT2IS<1:0> — — —
15:0 — — — IC2IP<2:0> IC2IS<1:0> — — —

C0 IPC3
31:16 — — — INT3IP<2:0> INT3IS<1:0> — — —
15:0 — — — IC3IP<2:0> IC3IS<1:0> — — —

D0 IPC4
31:16 — — — INT4IP<2:0> INT4IS<1:0> — — —
15:0 — — — IC4IP<2:0> IC4IS<1:0> — — —

E0 IPC5
31:16 — — — SPI1IP<2:0> SPI1IS<1:0> — — —
15:0 — — — IC5IP<2:0> IC5IS<1:0> — — —

F0 IPC6
31:16 — — — AD1IP<2:0> AD1IS<1:0> — — —
15:0 — — — I2C1IP<2:0> I2C1IS<1:0> — — —

00 IPC7
31:16 — — — SPI2IP<2:0> SPI2IS<1:0> — — — C
15:0 — — — CMP1IP<2:0> CMP1IS<1:0> — — —

10 IPC8
31:16 — — — RTCCIP<2:0> RTCCIS<1:0> — — — F
15:0 — — — I2C2IP<2:0> I2C2IS<1:0> — — —

40 IPC11
31:16 — — — — — — — — — — — —
15:0 — — — — — — — — — — —

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

Registers” for more information.
2: This register does not have associated CLR, SET, and INV registers.
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A
ll 

R
es

et
s

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

— — — — — 0000

INV BRGH PDSEL<1:0> STSEL 0000

ADDR<7:0> 0000

DLE PERR FERR OERR URXDA 0110

— — — — — 0000

ransmit Register 0000

— — — — — 0000

eceive Register 0000

— — — — — 0000

0000

— — — — — 0000

INV BRGH PDSEL<1:0> STSEL 0000

ADDR<7:0> 0000

DLE PERR FERR OERR URXDA 0110

— — — — — 0000

ransmit Register 0000

— — — — — 0000

eceive Register 0000

— — — — — 0000

0000

“CLR, SET and INV Registers” for more information.
 

TABLE 4-11: UART1-2 REGISTERS MAP
Vi

rt
ua

l A
dd

re
ss

(B
F8

0_
#)

R
eg

is
te

r
N

am
e

B
it 

R
an

ge

Bits

31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 22/6 21/5 2

6000 U1MODE(1) 31:16 — — — — — — — — — — —

15:0 ON — SIDL IREN RTSMD — UEN<1:0> WAKE LPBACK ABAUD RX

6010 U1STA(1) 31:16 — — — — — — — ADM_EN

15:0 UTXISEL<1:0> UTXINV URXEN UTXBRK UTXEN UTXBF TRMT URXISEL<1:0> ADDEN RI

6020 U1TXREG
31:16 — — — — — — — — — — —

15:0 — — — — — — — TX8 T

6030 U1RXREG
31:16 — — — — — — — — — — —

15:0 — — — — — — — RX8 R

6040 U1BRG(1) 31:16 — — — — — — — — — — —

15:0 BRG<15:0>

6200 U2MODE(1) 31:16 — — — — — — — — — — —

15:0 ON — SIDL IREN RTSMD — UEN<1:0> WAKE LPBACK ABAUD RX

6210 U2STA(1) 31:16 — — — — — — — ADM_EN

15:0 UTXISEL<1:0> UTXINV URXEN UTXBRK UTXEN UTXBF TRMT URXISEL<1:0> ADDEN RI

6220 U2TXREG
31:16 — — — — — — — — — — —

15:0 — — — — — — — TX8 T

6230 U2RXREG
31:16 — — — — — — — — — — —

15:0 — — — — — — — RX8 R

6240 U2BRG(1) 31:16 — — — — — — — — — — —

15:0 BRG<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 an offset of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 
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TA XXXX 

Vi
rt

ua
l A

dd
re

ss

A
ll 

R
es

et
s

19/3 18/2 17/1 16/0

30
— — — — 0000

— CHEDET CHPRI<1:0> 0000

30
Q<7:0> 00FF

AIRQEN — — — FF00

30
CHBCIE CHCCIE CHTAIE CHERIE 0000

CHBCIF CHCCIF CHTAIF CHERIF 0000

30
0000

0000

30
0000

0000

30
— — — — 0000

IZ<7:0> 0000

30
— — — — 0000

IZ<7:0> 0000

30
— — — — 0000

R<7:0> 0000

30
— — — — 0000

TR<7:0> 0000

30
— — — — 0000

IZ<7:0> 0000

31
— — — — 0000

TR<7:0> 0000

31
— — — — 0000

AT<7:0> 0000

31
— — — — 0000

— CHEDET CHPRI<1:0> 0000

31
Q<7:0> 00FF

AIRQEN — — — FF00

31
CHBCIE CHCCIE CHTAIE CHERIE 0000

CHBCIF CHCCIF CHTAIF CHERIF 0000

31
0000

0000

Leg
No 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, 
BLE 4-16: DMA CHANNELS 0-3 REGISTERS MAP FOR PIC32MX340FXXXX/360FXXXX/440FXXXX/460
DEVICES ONLY(1)

(B
F8

8_
#)

R
eg

is
te

r
N

am
e

B
it 

R
an

ge

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

60 DCH0CON
31:16 — — — — — — — — — — — —

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

70 DCH0ECON
31:16 — — — — — — — — CHAIR

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

80 DCH0INT
31:16 — — — — — — — — CHSDIE CHSHIE CHDDIE CHDHIE

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

90 DCH0SSA
31:16

CHSSA<31:0>
15:0

A0 DCH0DSA
31:16

CHDSA<31:0>
15:0

B0 DCH0SSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHSS

C0 DCH0DSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHDS

D0 DCH0SPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHST

E0 DCH0DPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHDP

F0 DCH0CSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHCS

00 DCH0CPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHCP

10 DCH0DAT
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHPD

20 DCH1CON
31:16 — — — — — — — — — — — —

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

30 DCH1ECON
31:16 — — — — — — — — CHAIR

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

40 DCH1INT
31:16 — — — — — — — — CHSDIE CHSHIE CHDDIE CHDHIE

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

50 DCH1SSA
31:16

CHSSA<31:0>
15:0

end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
te 1: All registers except DCHxSPTR, DCHxDPTR and DCHxCPTR have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 

SET and INV Registers” for more information.
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32
— — — — 0000

TR<7:0> 0000

32
— — — — 0000

IZ<7:0> 0000

32
— — — — 0000

TR<7:0> 0000

32
— — — — 0000

AT<7:0> 0000

32
— — — — 0000

— CHEDET CHPRI<1:0> 0000

32
Q<7:0> 00FF

AIRQEN — — — FF00

32
CHBCIE CHCCIE CHTAIE CHERIE 0000

CHBCIF CHCCIF CHTAIF CHERIF 0000

32
0000

0000

32
0000

0000

32
— — — — 0000

IZ<7:0> 0000

33
— — — — 0000

IZ<7:0> 0000

33
— — — — 0000

R<7:0> 0000

33
— — — — 0000

TR<7:0> 0000

33
— — — — 0000

IZ<7:0> 0000

33
— — — — 0000

TR<7:0> 0000

33
— — — — 0000

AT<7:0> 0000

TA XXXX 
Vi

rt
ua

l A
dd

re
ss

A
ll 

R
es

et
s

19/3 18/2 17/1 16/0

Leg
No 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, 
60 DCH2DPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHDP

70 DCH2CSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHCS

80 DCH2CPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHCP

90 DCH2DAT
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHPD

A0 DCH3CON
31:16 — — — — — — — — — — — —

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

B0 DCH3ECON
31:16 — — — — — — — — CHAIR

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

C0 DCH3INT
31:16 — — — — — — — — CHSDIE CHSHIE CHDDIE CHDHIE

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

D0 DCH3SSA
31:16

CHSSA<31:0>
15:0

E0 DCH3DSA
31:16

CHDSA<31:0>
15:0

F0 DCH3SSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHSS

00 DCH3DSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHDS

10 DCH3SPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHST

20 DCH3DPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHDP

30 DCH3CSIZ
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHCS

40 DCH3CPTR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHCP

50 DCH3DAT
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — CHPD

BLE 4-16: DMA CHANNELS 0-3 REGISTERS MAP FOR PIC32MX340FXXXX/360FXXXX/440FXXXX/460
DEVICES ONLY(1) (CONTINUED)

(B
F8

8_
#)

R
eg

is
te

r
N

am
e

B
it 

R
an

ge

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

end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
te 1: All registers except DCHxSPTR, DCHxDPTR and DCHxCPTR have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 

SET and INV Registers” for more information.
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A
ll 

R
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19/3 18/2 17/1 16/0

F2
xxxx

xxxx

Leg
BLE 4-42: DEVICE AND REVISION ID SUMMARY
(B

F8
0_

#)

R
eg

is
te

r
N

am
e

B
it 

R
an

ge

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

20 DEVID
31:16 VER<3:0> DEVID<27:16>

15:0 DEVID<15:0>
end: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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es

et
s

19/3 18/2 17/1 16/0

— — — —

IF SESVDIF SESENDIF — VBUSVDIF 0000

— — — — 0000

IE SESVDIE SESENDIE — VBUSVDIE 0000

— — — — 0000

SESVD SESEND — VBUSVD 0000

— — — — 0000

WN VBUSON OTGEN VBUSCHG VBUSDIS 0000

— — — — 0000

RD — — USUSPEND USBPWR 0000

— — — — 0000

IF TRNIF SOFIF UERRIF
URSTIF 0000

DETACHIF 0000

— — — — 0000

IE TRNIE SOFIE UERRIE
URSTIE 0000

DETACHIE 0000

— — — — 0000

F DFN8EF CRC16EF
CRC5EF

PIDEF
0000

EOFEF 0000

— — — — 0000

E DFN8EE CRC16EE
CRC5EE

PIDEE
0000

EOFEE 0000

— — — — 0000

DIR PPBI — — 0000

— — — — 0000

ST HOSTEN RESUME PPBRST
USBEN 0000

SOFEN 0000

— — — — 0000

DEVADDR<6:0> 0000

— — — — 0000

7:1> — 0000

C, respectively. See Section 12.1.1 “CLR, SET and INV 
 

TABLE 4-43: USB REGISTERS MAP(1)
Vi

rt
ua

l A
dd

re
ss

(B
F8

8_
#)

R
eg

is
te

r
N

am
e

B
it 

R
an

ge

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

5040 U1OTG
IR(2)

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — IDIF T1MSECIF LSTATEIF ACTV

5050 U1OTG
IE

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — IDIE T1MSECIE LSTATEIE ACTV

5060 U1OTG
STAT(3)

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — ID — LSTATE —

5070 U1OTG
CON

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — DPPULUP DMPULUP DPPULDWN DMPULD

5080 U1PWRC
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — UACTPND(4) — — USLPG

5200 U1IR(2)
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — STALLIF ATTACHIF RESUMEIF IDLE

5210 U1IE

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — STALLIE ATTACHIE RESUMEIE IDLE

5220 U1EIR

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — BTSEF BMXEF DMAEF BTOE

5230 U1EIE

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — BTSEE BMXEE DMAEE BTOE

5240 U1STAT(3) 31:16 — — — — — — — — — — — —

15:0 — — — — — — — — ENDPT<3:0>(4)

5250 U1CON

31:16 — — — — — — — — — — — —

15:0 — — — — — — — — JSTATE(4) SE0(4) PKTDIS
USBR

TOKBUSY

5260 U1ADDR
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — LSPDEN

5270 U1BDTP1
31:16 — — — — — — — — — — — —

15:0 — — — — — — — — BDTPTRL<
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 0x

Registers” for more information.
2: This register does not have associated CLR, SET, and INV registers.
3: All bits in this register are read-only; therefore, CLR, SET, and INV registers are not supported.
4: The reset value for this bit is undefined.
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FIGURE 14-2: TIMER2/3, 4/5 BLOCK DIAGRAM (32-BIT)

TMRy TMRx 

TyIF Event

Equal 32-bit Comparator

PRy PRx 

Reset

LSHalfWord MSHalfWord 

Flag
 

Note 1: In this diagram, the use of ‘x’ in registers TxCON, TMRx, PRx and TxCK refers to either
Timer2 or Timer4; the use of ‘y’ in registers TyCON, TMRy, PRy and TyIF refers to either Timer3 or Timer5.

2: TxCK pins are not available on 64-pin devices.
3: ADC event trigger is available only on Timer2/3 pair.

 
 

TGATE (TxCON<7>)

0

1

PBCLK

Gate

TxCK(2)

Sync

Sync

ADC Event
Trigger(3) 

ON (TxCON<15>) 

TGATE (TxCON<7>)

TCS (TxCON<1>)

         

TCKPS (TxCON<6:4>)

Prescaler

3

1, 2, 4, 8, 16,
32, 64, 2561 0

0 0

Q

Q D

x 1
DS61143H-page 106 © 2011 Microchip Technology Inc.



PIC32MX3XX/4XX
 

TGE Trap if Greater Than or Equal if (int)Rs >= (int)Rt
  TrapException

TGEI Trap if Greater Than or Equal Immediate if (int)Rs >= (int)Immed
  TrapException

TGEIU Trap if Greater Than or Equal Immediate Unsigned if (uns)Rs >= (uns)Immed
  TrapException

TGEU Trap if Greater Than or Equal Unsigned if (uns)Rs >= (uns)Rt
  TrapException

TLT Trap if Less Than if (int)Rs < (int)Rt
  TrapException

TLTI Trap if Less Than Immediate if (int)Rs < (int)Immed
  TrapException

TLTIU Trap if Less Than Immediate Unsigned if (uns)Rs < (uns)Immed
  TrapException

TLTU Trap if Less Than Unsigned if (uns)Rs < (uns)Rt
  TrapException

TNE Trap if Not Equal if Rs != Rt
  TrapException

TNEI Trap if Not Equal Immediate if Rs != (int)Immed
  TrapException

WAIT Wait for Interrupt Go to a low power mode and stall until 
interrupt occurs

WRPGPR Write to GPR in Previous Shadow Set SGPR[SRSCtlPSS, Rd> = Rt

WSBH Word Swap Bytes Within Halfwords Rd = Rt23..16 || Rt31..24 || Rt7..0 
|| Rt15..8

XOR Exclusive OR Rd = Rs ^ Rt

XORI Exclusive OR Immediate Rt = Rs ^ (uns)Immed

TABLE 27-1: MIPS32® INSTRUCTION SET (CONTINUED)
Instruction Description Function

Note 1: This instruction is deprecated and should not be used.
© 2011 Microchip Technology Inc. DS61143H-page 145
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FIGURE 29-18: ANALOG-TO-DIGITAL CONVERSION (10-BIT MODE) TIMING CHARACTERISTICS 

(CHPS<1:0> = 01, SIMSAM = 0, ASAM = 0, SSRC<2:0> = 000)

AD55TSAMP

Clear SAMPSet SAMP

AD61

ADCLK
Instruction

SAMP

ch0_dischrg

ch1_samp

AD60

CONV

ADxIF

Buffer(0)

Buffer(1)

1 2 3 4 5 6 8 5 6 7

1 – Software sets ADxCON. SAMP to start sampling.

2 – Sampling starts after discharge period. TSAMP is described in Section 17. “10-bit Analog-to-Digital Converter (ADC)”

3 – Software clears ADxCON. SAMP to start conversion.

4 – Sampling ends, conversion sequence starts.

5 – Convert bit 9.

8 – One TAD for end of conversion.

AD50

ch0_samp

ch1_dischrg

eoc

7

AD55

8

6 – Convert bit 8.

7 – Convert bit 0.

 Execution

    (DS61104) of the “PIC32 Family Reference Manual”.
© 2011 Microchip Technology Inc. DS61143H-page 183
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 

http://www.microchip.com/packaging
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NOTES:
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