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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

I2C, IrDA, LINbus, PMP, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
53

128KB (128K x 8)

FLASH

32K x 8

2.3V ~ 3.6V

A/D 28x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-QFN (9x9)
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PIC32MX330/350/370/430/450/470

TABLE 1-1: PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name 6(;‘;?\";‘ 100-pin 124-pin Tl;lge B_I_l;];zr Description
TQFP TQFP VTLA
CTED4 22 33 B19 | ST CTMU External Edge Input 4
CTED5 29 43 B24 | ST CTMU External Edge Input 5
CTED6 30 44 A29 | ST CTMU External Edge Input 6
CTED7 — 9 B5 | ST CTMU External Edge Input 7
CTEDS8 — 92 A62 | ST CTMU External Edge Input 8
CTED9 — 60 A40 | ST CTMU External Edge Input 9
CTED10 21 32 A23 | ST CTMU External Edge Input 10
CTED11 23 34 A24 I ST CTMU External Edge Input 11
CTED12 15 24 A15 | ST CTMU External Edge Input 12
CTED13 14 23 B13 | ST CTMU External Edge Input 13
MCLR 7 13 B7 P ST Master Clear (Rgset) input. This pin is an active-low
Reset to the device.
AVDD 19 30 A22 P P Positive supply fqr analog modules. This pin must be
connected at all times.
AVss 20 31 B18 P P Ground reference for analog modules
B1,A10,A14,
VDD 10, 2567 38, 561223;6 iﬂ ﬁig P — Positive supply for peripheral logic and 1/O pins
A59, B53
Vcap 56 85 B48 P — Capacitor for Internal Voltage Regulator
A3, B8, B12,
Vss 9, 25, 41 156:556725 24212 gi? P — Ground reference for logic and I/O pins
AB3
VREF+ 16 29 B17 | Analog |Analog Voltage Reference (High) Input
VREF- 15 28 A21 | Analog |Analog Voltage Reference (Low) Input
Legend: CMOS = CMOS compatible input or output Analog = Analog input P = Power
ST = Schmitt Trigger input with CMOS levels O = Output | = Input

Note 1:
2:
3:

TTL = TTL input buffer
This pin is only available on devices without a USB module.

This pin is only available on devices with a USB module.

This pin is not available on 64-pin devices.
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PIC32MX330/350/370/430/450/470

NOTES:
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PIC32MX330/350/370/430/450/470

Coprocessor 0 also contains the logic for identifying
and managing exceptions. Exceptions can be caused
by a variety of sources, including alignment errors in
data, external events or program errors. Table 3-3 lists

the exception types in order of priority.

TABLE 3-3: MIPS32® M4K® PROCESSOR CORE EXCEPTION TYPES
Exception Description

Reset Assertion MCLR or a Power-on Reset (POR).

DSS EJTAG debug single step.

DINT EJTAG debug interrupt. Caused by the assertion of the external EJ_DINT input or by setting the

EjtagBrk bit in the ECR register.

NMI Assertion of NMI signal.

Interrupt Assertion of unmasked hardware or software interrupt signal.

DiB EJTAG debug hardware instruction break matched.

AdEL Fetch address alignment error. Fetch reference to protected address.

IBE Instruction fetch bus error.

DBp EJTAG breakpoint (execution of SDBBP instruction).

Sys Execution of SYSCALL instruction.

Bp Execution of BREAK instruction.

RI Execution of a reserved instruction.

CpU Execution of a coprocessor instruction for a coprocessor that is not enabled.
CEU Execution of a Cor Ext end instruction when Cor Ext end is not enabled.
Ov Execution of an arithmetic instruction that overflowed.

Tr Execution of a trap (when trap condition is true).

DDBL/DDBS |EJTAG Data Address Break (address only) or EJTAG data value break on store (address + value).
AdEL Load address alignment error. Load reference to protected address.

AdES Store address alignment error. Store to protected address.

DBE Load or store bus error.

DDBL EJTAG data hardware breakpoint matched in load data compare.

3.3 Power Management

The MIPS® M4K® processor core offers a number of
power management features, including low-power
design, active power management and power-down
modes of operation. The core is a static design that
supports slowing or Halting the clocks, which reduces
system power consumption during Idle periods.

3.3.1 INSTRUCTION-CONTROLLED
POWER MANAGEMENT

The mechanism for invoking Power-Down mode is
through execution of the WAI T instruction. For more
information on power management, see Section 27.0
“Power-Saving Features”.

3.3.2 LOCAL CLOCK GATING

The majority of the power consumed by the
P1C32MX330/350/370/430/450/470 family core is in
the clock tree and clocking registers. The PIC32MX
family uses extensive use of local gated-clocks to
reduce this dynamic power consumption.

3.4 EJTAG Debug Support

The MIPS® M4K® processor core provides for an
Enhanced JTAG (EJTAG) interface for use in the soft-
ware debug of application and kernel code. In addition
to standard User mode and Kernel modes of operation,
the M4K® core provides a Debug mode that is entered
after a debug exception (derived from a hardware
breakpoint, single-step exception, etc.) is taken and
continues until a Debug Exception Return (DERET)
instruction is executed. During this time, the processor
executes the debug exception handler routine.

The EJTAG interface operates through the Test Access
Port (TAP), a serial communication port used for trans-
ferring test data in and out of the core. In addition to the
standard JTAG instructions, special instructions
defined in the EJTAG specification define which
registers are selected and how they are used.

DS60001185F-page 38
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4.2 Bus Matrix Registers
TABLE 4-2: BUS MATRIX REGISTER MAP
2 Bits
[ = o
T ¥ 3 o =) )
2@ ae 8 =9
<o 5.8 14 <3
S ) & z '5 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 14
f>:
3116 — — — — — |BMXCHEDMA| — — — — — | BMXERRIXI | BMXERRICD | BMXERRDMA | BMXERRDS | BMXERRIS [ 041F
2000| BMXCON®
15:0 — — — — — — — — — BMXWSDRM — — — BMXARB<2:0> 0047
ol31:16] — — — I — I I — — — — — | — — o000
2010 |BMXDKPBA®
15:0 BMXDKPBA<15:0> 0000
o[3118] — — — I — — =1 =1 = 1= — — — | — — o000
2020 |BMXDUDBA®
15:0 BMXDUDBA<15:0> 0000
o[31:18] — — — I — — =1 =1 = 1= — — — | — — o000
2030 |BMXDUPBAWY
15:0 BMXDUPBA<15:0> 0000
31:16 XXXX
2040 | BMXDRMSZ BMXDRMSZ<31:0>
15:0 XXXX
el — | — | — [ = | = — — =1 =1 = 1= — BMXPUPBA<19:16> 0000
2050 | BMXPUPBAW®
15:0 BMXPUPBA<15:0> 0000
31:16 XXXX
2060 | BMXPFMSZ BMXPFMSZ<31:0>
15:0 XXXX
31:16 0000
2070 | BMXBOOTSZ BMXBOOTSZ<31:0>
15:0 0000
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 12.2 “CLR, SET, and INV Registers” for more information.
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NOTES:
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PIC32MX330/350/370/430/450/470

TABLE 7-1: INTERRUPT IRQ, VECTOR AND BIT LOCATION (CONTINUED)
Interrupt Source@® IRQ # Ve;tor interrupt Bit Location Plersistent
Flag Enable Priority Sub-priority nterrupt
CNB - PORTB Input Change Interrupt 45 33 IFS1<13> | IEC1<13> | IPC8<12:10> IPC8<9:8> Yes
CNC - PORTC Input Change Interrupt | 46 33 IFS1<14> | IEC1<14> | IPC8<12:10> IPC8<9:8> Yes
CND - PORTD Input Change Interrupt | 47 33 IFS1<15> | IEC1<15> | IPC8<12:10> IPC8<9:8> Yes
CNE — PORTE Input Change Interrupt 48 33 IFS1<16> | IEC1<16> | IPC8<12:10> IPC8<9:8> Yes
CNF — PORTF Input Change Interrupt 49 33 IFS1<17> | IEC1<17> | IPC8<12:10> IPC8<9:8> Yes
CNG - PORTG Input Change Interrupt | 50 33 IFS1<18> | IEC1<18> | IPC8<12:10> IPC8<9:8> Yes
PMP — Parallel Master Port 51 34 IFS1<19> | IEC1<19> | |PC8<20:18> IPC8<17:16> Yes
PMPE — Parallel Master Port Error 52 34 IFS1<20> | IEC1<20> | IPC8<20:18> IPC8<17:16> Yes
SPI2E - SPI2 Fault 53 35 IFS1<21> | IEC1<21> | |PC8<28:26> IPC8<25:24> Yes
SPI2RX — SPI2 Receive Done 54 35 IFS1<22> | IEC1<22> | IPC8<28:26> IPC8<25:24> Yes
SPI2TX — SPI2 Transfer Done 55 35 IFS1<23> | IEC1<23> | |PC8<28:26> IPC8<25:24> Yes
U2E — UART2 Error 56 36 IFS1<24> | IEC1<24> IPC9<4:2> IPC9<1:0> Yes
U2RX — UART2 Receiver 57 36 IFS1<25> | IEC1<25> IPC9<4:2> IPC9<1:0> Yes
U2TX — UART2 Transmitter 58 36 IFS1<26> | IEC1<26> IPC9<4:2> IPC9<1:0> Yes
I12C2B - 12C2 Bus Collision Event 59 37 IFS1<27> | IEC1<27> | IPC9<12:10> IPC9<9:8> Yes
I12C2S - 12C2 Slave Event 60 37 IFS1<28> | IEC1<28> | IPC9<12:10> IPC9<9:8> Yes
12C2M - 12C2 Master Event 61 37 IFS1<29> | IEC1<29> | IPC9<12:10> IPC9<9:8> Yes
U3E — UARTS3 Error 62 38 IFS1<30> | IEC1<30> | IPC9<20:18> IPC9<17:16> Yes
U3RX — UART3 Receiver 63 38 IFS1<31> | IEC1<31> | IPC9<20:18> IPC9<17:16> Yes
U3TX — UART3 Transmitter 64 38 IFS2<0> | IEC2<0> IPC9<20:18> IPC9<17:16> Yes
U4E — UART4 Error 65 39 IFS2<1> | IEC2<1> IPC9<28:26> IPC9<25:24> Yes
U4RX — UART4 Receiver 66 39 IFS2<2> | IEC2<2> IPC9<28:26> IPC9<25:24> Yes
U4TX — UART4 Transmitter 67 39 IFS2<3> | IEC2<3> IPC9<28:26> IPC9<25:24> Yes
USE — UARTS Error 68 40 IFS2<4> | IEC2<4> IPC10<4:2> IPC10<1:0> Yes
U5SRX — UART5 Receiver 69 40 IFS2<5> | IEC2<5> IPC10<4:2> IPC10<1:0> Yes
U5TX — UARTS5 Transmitter 70 40 IFS2<6> | IEC2<6> IPC10<4:2> IPC10<1:0> Yes
CTMU — CTMU Event 71 41 IFS2<7> | IEC2<7> | IPC10<12:10> IPC10<9:8> Yes
DMAO — DMA Channel 0 72 42 IFS2<8> | IEC2<8> | IPC10<20:18> | IPC10<17:16> No
DMA1 — DMA Channel 1 73 43 IFS2<9> | IEC2<9> | IPC10<28:26> | IPC10<25:24> No
DMA2 — DMA Channel 2 74 44 IFS2<10> | IEC2<10> IPC11<4:2> IPC11<1:0> No
DMAS3 — DMA Channel 3 75 45 IFS2<11> | IEC2<11> | IPC11<12:10> IPC11<9:8> No

Lowest Natural Order Priority

Note 1:

Family Features” for the list of available peripherals.

Not all interrupt sources are available on all devices. See TABLE 1: “PIC32MX330/350/370/430/450/470 Controller

© 2012-2016 Microchip Technology Inc.
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PIC32MX330/350/370/430/450/470

REGISTER 7-4: IFSx: INTERRUPT FLAG STATUS 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 IFS31 IFS30 IFS29 IFS28 IFS27 IFS26 IFS25 IFS24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23:16 IFS23 IFS22 IFS21 IFS20 IFS19 IFS18 IFS17 IFS16
] R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15:8 IFS15 IFS14 IFS13 IFS12 IFS11 IFS10 IFS9 IFS8
) R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7:0 IFS7 IFS6 IFS5 IFS4 IFS3 IFS2 IFS1 IFSO
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 IFS31-IFSO: Interrupt Flag Status bits

1 = Interrupt request has occurred
0 = No interrupt request has occurred

Note:  This register represents a generic definition of the IFSx register. Refer to Table 7-1 for the exact bit
definitions.

REGISTER 7-5: IECx: INTERRUPT ENABLE 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
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 IEC31 IEC30 IEC29 IEC28 IEC27 IEC26 IEC25 IEC24
] R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23:16 IEC23 IEC22 IEC21 IEC20 IEC19 IEC18 IEC17 IEC16
) R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15:8 IEC15 IEC14 IEC13 IEC12 IEC11 IEC10 IEC9 IEC8
) R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
70 IEC7 IEC6 IEC5 IEC4 IEC3 IEC2 IEC1 IECO
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 IEC31-IECO: Interrupt Enable bits
1 = Interrupt is enabled
0 = Interrupt is disabled

Note:  This register represents a generic definition of the IECx register. Refer to Table 7-1 for the exact bit
definitions.

DS60001185F-page 70 © 2012-2016 Microchip Technology Inc.
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9.2

Control Registers

TABLE 9-1: PREFETCH REGISTER MAP
@ Bits
o e — % ]
Bo| BE | 5 g
= E E’E f'_:. 31/15 30/14 29/13 28/12 27/11 26/10 25/9 24/8 23/7 2216 21/5 20/4 19/3 18/2 17/1 16/0 &
2~ = <
<
4000 |CHECON® 31:16 — — — — — — — — — — — — — — — CHECOH |0000
15:0 — — — — — — DCSZz<1:0> — — PREFEN<1:0> — PFMWS<2:0> 0007
4010 |CHEACC® 31:16| CHEWEN — — — — — — — — — — — — — — — 0000
15:0 — — _ _ _ _ _ _ — — = — CHEIDX<3:0> 00xx
c W 31:16[LTAGBOOT — — — — — — — LTAG<23:16> XXX 0
4020 |CHETAGH = LTAG<15:4> LVALID | LLOCK | LTYPE —  pxx2
4030 |CHEMSK® 3116 — — — — — — — — — — — — — — — —  |0000
15:0 LMASK<15:5> — — — _ _ X XXX
31:16 XXXX
4040 | CHEWO CHEWO0<31:0>
15:0 XXXX
31:16 XXXX
4050 | CHEW1 CHEW1<31:0>
15:0 X XXX
31:16 X XXX
4060 | CHEW2 CHEW2<31:0>
15:0 XXXX
31:16 XXXX
4070 | CHEW3 CHEW3<31:0>
15:0 XXXX
31:16 — — — — — — — CHELRU<24:16> 0000
4080 | CHELRU
15:0 CHELRU<15:0> 0000
31:16 X XXX
4090 | CHEHIT CHEHIT<31:0>
15:0 X XXX
31:16 XXXX
40A0 | CHEMIS CHEMIS<31:0>
15:0 XXXX
31:16 XXXX
40C0 [CHEPFABT CHEPFABT<31:0>
15:0 X XXX
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 12.2 “CLR, SET, and INV Registers” for more

information.
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PIC32MX330/350/370/430/450/470

REGISTER 9-6: CHEW1: CACHE WORD 1
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-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
31:24 CHEW1<31:24>
9316 RWx | Rwx RIW-x RW-x | RWx [ Rwx RIW-x RIW-x
' CHEW1<23:16>
158 RWx [ Rwx R/W-x Rwx | Rwx [ Rwx R/W-x RIW-x
' CHEW1<15:8>
-0 RWx [ Rwx RIW-x RWx | RWx | Rwx RIW-x RIW-x
' CHEW1<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 CHEW1<31:0>: Word 1 of the cache line selected by the CHEIDX<3:0> bits (CHEACC<3:0>)
Readable only if the device is not code-protected.

REGISTER 9-7: CHEW2: CACHE WORD 2
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-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
31:24 CHEW2<31:24>
2316 RW-x | Rwx RIW-x RWx | Rwx | Rwx RIW-x RIW-x
' CHEW2<23:16>
15:8 RWx | Rwx RIW-x RWx | Rwx | Rwx RIW-x RIW-x
' CHEW2<15:8>
0 Rwx [ Rwx | Rwx | Rwx | Rwx | Rwx | Rwx | RWx
' CHEW2<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 CHEW2<31:0>: Word 2 of the cache line selected by the CHEIDX<3:0> bits (CHEACC<3:0>)
Readable only if the device is not code-protected.

© 2012-2016 Microchip Technology Inc. DS60001185F-page 89



PIC32MX330/350/370/430/450/470

REGISTER 11-18: U1BDTP2: USB BDT PAGE 2 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
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
' BDTPTRH<23:16>
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 7-0 BDTPTRH<23:16>: BDT Base Address bits

This 8-bit value provides address bits 23 through 16 of the BDT base address, which defines the starting
location of the BDT in system memory.

The 32-bit BDT base address is 512-byte aligned.

REGISTER 11-19: U1BDTP3: USB BDT PAGE 3 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/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
’ BDTPTRU<31:24>
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 7-0 BDTPTRU<31:24>: BDT Base Address bits
This 8-bit value provides address bits 31 through 24 of the BDT base address, defines the starting location
of the BDT in system memory.
The 32-bit BDT base address is 512-byte aligned.

DS60001185F-page 134 © 2012-2016 Microchip Technology Inc.



PIC32MX330/350/370/430/450/470

TABLE 12-1: INPUT PIN SELECTION

Peripheral Pin

[pin name]R SFR

[pin name]R bits

[pin name]R Value to
RPn Pin Selection

INT3

INT3R

INT3R<3:0>

T2CK

T2CKR

T2CKR<3:0>

IC3

IC3R

IC3R<3:0>

U1RX

U1TRXR

U1RXR<3:0>

U2RX

U2RXR

U2RXR<3:0>

USCTS

USCTSR®)

U5CTSR<3:0>

REFCLKI

REFCLKIR

REFCLKIR<3:0>

0000 = RPD2
0001 = RPG8
0010 = RPF4
0011 = RPD10
0100 = RPF1
0101 = RPB9
0110 = RPB10
0111 = RPC14
1000 = RPB5
1001 = Reserved
1010 = RPC1®)
1011 = RPD14G)
1100 = RPG1®)
1101 = RPA14®
1110 = Reserved
1111 = RPF2(M)

INT4

INT4R

INT4R<3:0>

T5CK

T5CKR

T5CKR<3:0>

IC4

IC4R

IC4R<3:0>

U3RX

U3RXR

U3RXR<3:0>

U4CTS

U4CTSR

U4CTSR<3:0>

SDI1

SDI1R

SDI1R<3:0>

SDI2

SDI2R

SDI2R<3:0>

0000 = RPD3
0001 = RPG7
0010 = RPF5
0011 = RPD11
0100 = RPFO
0101 = RPB1
0110 = RPE5
0111 = RPC13
1000 = RPB3
1001 = Reserved
1010 = RPC4®)
1011 = RPD15()
1100 = RPGO®)
1101 = RPA15®)
1110 = RPF2M)
1111 = RPF7®

INT2

INT2R

INT2R<3:0>

T4CK

T4CKR

T4CKR<3:0>

IC2

IC2R

IC2R<3:0>

IC5

IC5R

IC5R<3:0>

U1CTS

U1CTSR

U1CTSR<3:0>

U2CTS

U2CTSR

U2CTSR<3:0>

SS1

SS1R

SS1R<3:0>

0000 = RPD9
0001 = RPG6
0010 = RPBS8
0011 = RPB15
0100 = RPD4
0101 = RPBO
0110 = RPE3
0111 = RPB7
1000 = Reserved
1001 = RPF12()
1010 = RPD12G)
1011 = RPF8®)
1100 = RPC3®)
1101 = RPE9®
1110 = Reserved
1111 = RPB2

Note 1: This selection is not available on 64-pin USB devices.

2. This selection is only available on 100-pin General Purpose devices.

3. This selection is not available on 64-pin USB and General Purpose devices.

4: This selection is only available on General Purpose devices.
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TABLE 12-8: PORTD REGISTER MAP FOR PIC32MX330F064H, PIC32MX350F128H, PIC32MX350F256H, PIC32MX370F512H,
PIC32MX430F064H, PIC32MX450F128H, PIC32MX450F256H, PIC32MX470F512H DEVICES ONLY

o Bits
O~ ©
S #I E'Ja o %)
T 0 i % =0
Io| E iz <3
Tg ) & ] = 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
2> [
>
31:16 — — — — — — — — — — — — — — — — 0000
6300| ANSELD
15:0 — — — — — — — — — — — — ANSELD3|ANSELD2|ANSELD1 — 000E
6310l TRISD 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — TRISD11 | TRISD10 | TRISD9 | TRISD8 | TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO |xxxx
31:16 — — — — — — — — — — — — — — — — 0000
5320 PORTD
15:0 — — — — RD11 RD10 RD9 RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX
6330| LATD 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — LATD11 LATD10 LATD9 LATD8 LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO |xxxx
6340| opco 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — OoDCD11 | ODCD10 | ODCD9 | ODCD8 | ODCD7 | ODCD6 | ODCD5 | ODCD4 | ODCD3 | ODCD2 | ODCD1 | ODCDO |xxxx
6350| GNPUD 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — CNPUD11 | CNPUD10 | CNPUD9 | CNPUD8 | CNPUD7 | CNPUD6 | CNPUD5 | CNPUD4 | CNPUD3 | CNPUD2 | CNPUD1 | CNPUDO |xXxxx
31:16 — — — — — — — — — — — — — — — — 0000
6360| CNPDD
15:0 — — — — CNPDD11 | CNPDD10 | CNPDD9 | CNPDD8 | CNPDD7 | CNPDD6 | CNPDD5 | CNPDD4 | CNPDD3 | CNPDD2 | CNPDD1 | CNPDDO | xXXx
6370 cNCOND [2161 — — — — — — — — — — — — — — — — [0000
15:0 ON — SIDL — — — — — — — — — — — — — 0000
31:16 — — — — — — — — — — — — — — — — 0000
6380| CNEND
15:0 — — — — CNIED11 | CNIED10 | CNIED9 | CNIED8 | CNIED7 | CNIED6 | CNIED5 | CNIED4 | CNIED3 | CNIED2 | CNIED1 | CNIEDO |xxxXx
31:16 — — — — — — — — — — — — — — — — 0000
6390| CNSTATD 15:0 _ _ _ _ CN CN CN CN CN CN CN CN CN CN CN CN XXX
: STATD11 | STATD10 | STATD9 | STATD8 | STATD7 | STATD6 | STATD5 | STATD4 | STATD3 | STATD2 | STATD1 | STATDO
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 its virtual address, plus an offset of 0x4, 0x8 and 0xC, respectively. See Section 12.2 “CLR, SET, and INV Registers” for
more information.
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PIC32MX330/350/370/430/450/470

18.0 SERIAL PERIPHERAL
INTERFACE (SPI)

Note:  This data sheet summarizes the features
of the PIC32MX330/350/370/430/450/470
family of devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to Section 23. “Serial
Peripheral Interface (SPIy”
(DS60001106), which is available from the
Documentation > Reference Manual
section of the Microchip PIC32 web site

Some of the key features of the SPI module are:

* Master and Slave modes support

» Four different clock formats

« Enhanced Framed SPI protocol support

« User-configurable 8-bit, 16-bit and 32-bit data width
» Separate SPI FIFO buffers for receive and transmit

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

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

» Operation during CPU Sleep and Idle mode
» Audio Codec Support:

2
(www.microchip.com/pic32). - 1“8 protocol
- Left-justified
The SPI module is a synchronous serial interface that - Right-justified
is useful for communicating with external peripherals - PCM
and other microcontroller devices. These peripheral
devices may be Serial EEPROMSs, Shift registers, dis-
play drivers, Analog-to-Digital Converters (ADC), etc.
The PIC32 SPI module is compatible with Motorola®
SPI and SIOP interfaces.
FIGURE 18-1: SPI MODULE BLOCK DIAGRAM
<: Internal
]> Data Bus
| SPIxBUF | \
FIFOs Share Address SPIXBUF
|<__//
X
SDIx
X —<]
SDOx Shift MCLKSEL
Control
Slave Select Clock Edge
_Ez and Frame Control Select
SSx/FSYNC SynC Control 1 REFCLK
& e Baud Rate |
Generator
SCKXx O—— PBCLK
Note: Access SPIxTXB and SPIXRXB FIFOs via SPIXxBUF register. MSTEN
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REGISTER 18-2: SPIXCONZ2: SPI CONTROL REGISTER 2

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
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
R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15:8 SPISGNEXT — — FRMERREN| SPIROVEN |SPITUREN | IGNROV | IGNTUR
] R/W-0 u-0 u-0 u-0 R/W-0 u-0 R/W-0 R/W-0
70 AUDEN® — — — AUDMONO{-2) — AUDMOD<1:0>(1:2)
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 SPISGNEXT: Sign Extend Read Data from the RX FIFO bit
1 = Data from RX FIFO is sign extended
0 = Data from RX FIFO is not sign extened
bit 14-13 Unimplemented: Read as ‘0’
bit 12 FRMERREN: Enable Interrupt Events via FRMERR bit
1 = Frame Error overflow generates error events
0 = Frame Error does not generate error events
bit 11 SPIROVEN: Enable Interrupt Events via SPIROV bit
1 = Receive overflow generates error events
0 = Receive overflow does not generate error events
bit 10 SPITUREN: Enable Interrupt Events via SPITUR bit
1 = Transmit Underrun Generates Error Events
0 = Transmit Underrun Does Not Generates Error Events
bit 9 IGNROV: Ignore Receive Overflow bit (for Audio Data Transmissions)
1 = A ROV is not a critical error; during ROV data in the fifo is not overwritten by receive data
0 = AROV is a critical error which stop SPI operation
bit 8 IGNTUR: Ignore Transmit Underrun bit (for Audio Data Transmissions)
1 = ATUR is not a critical error and zeros are transmitted until the SPIXTXB is not empty
0 = A TUR is a critical error which stop SPI operation
bit 7 AUDEN: Enable Audio CODEC Support bit(})
1 = Audio protocol is enabled
0 = Audio protocol is disabled
bit 6-5 Unimplemented: Read as ‘0’
bit 3 AUDMONO: Transmit Audio Data Format bit(1-?)
1 = Audio data is mono (Each data word is transmitted on both left and right channels)
0 = Audio data is stereo
bit 2 Unimplemented: Read as ‘0’
bit -0  AUDMOD<1:0>: Audio Protocol Mode bit(%:?)
11 = PCM/DSP mode
10 = Right Justified mode
01 = Left Justified mode
00 = I°S mode
Note 1. This bit can only be written when the ON bit = 0.
2. This bit is only valid for AUDEN = 1.
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REGISTER 19-2:

I2CXSTAT: I1°C STATUS 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 — — — — — — — —
15:8 R-0, HSC R-0, HSC u-0 U-0 u-0 R/C-0, HS R-0, HSC R-0, HSC
' ACKSTAT TRSTAT — — — BCL GCSTAT ADD10
20 R/C-0, HS R/C-0, HS R-0, HSC R/C-0, HSC R/C-0, HSC R-0, HSC R-0, HSC R-0, HSC
' IWCOL [2COV D A P S R W RBF TBF
Legend: HS = Set in hardware HSC = Hardware set/cleared
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared C = Clearable bit

bit 31-16
bit 15

Unimplemented: Read as ‘0’
ACKSTAT: Acknowledge Status bit
(when operating as 12C master, applicable to master transmit operation)

1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave
Hardware set or clear at end of slave Acknowledge.

bit 14 TRSTAT: Transmit Status bit (when operating as 12C master, applicable to master transmit operation)

1 = Master transmit is in progress (8 bits + ACK)
0 = Master transmit is not in progress
Hardware set at beginning of master transmission. Hardware clear at end of slave Acknowledge.

bit 13-11
bit 10

Unimplemented: Read as ‘0’

BCL: Master Bus Collision Detect bit

1 = A bus collision has been detected during a master operation

0 = No collision

Hardware set at detection of bus collision. This condition can only be cleared by disabling (ON bit = 0) and
re-enabling (ON bit = 1) the module.

GCSTAT: General Call Status bit

1 = General call address was received

0 = General call address was not received

Hardware set when address matches general call address. Hardware clear at Stop detection.
ADD10: 10-bit Address Status bit

1 = 10-bit address was matched

0 = 10-bit address was not matched

Hardware set at match of 2nd byte of matched 10-bit address. Hardware clear at Stop detection.
IWCOL: Write Collision Detect bit

1 = An attempt to write the I2CxTRN register failed because the 12C module is busy

0 = No collision

Hardware set at occurrence of write to I2CxTRN while busy (cleared by software).

12COV: Receive Overflow Flag bit

1 = A byte was received while the I2CxRCV register is still holding the previous byte

0 = No overflow

Hardware set at attempt to transfer I2CxRSR to I2CxRCV (cleared by software).

bit 9

bit 8

bit 7

bit 6

D_A: Data/Address bit (when operating as 12c slave)

1 = Indicates that the last byte received was data

0 = Indicates that the last byte received was device address

Hardware clear at device address match. Hardware set by reception of slave byte.

bit 5
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TABLE 23-1: ADC REGISTER MAP (CONTINUED)

® Bits
[ o %)
° #I = 2
T o'| Register ] @
<2 Name 14 @
Tg ';-'5 = 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 —
2= @ <
>

31:16 0000
9110 | ADC1BUFA ADC Result Word A (ADC1BUFA<31:0>)

15:0 0000

31:16 0000
9120 [ADC1BUFB ADC Result Word B (ADC1BUFB<31:0>)

15:0 0000

31:16 0000
9130 |[ADC1BUFC ADC Result Word C (ADC1BUFC<31:0>)

15:0 0000

31:16 0000
9140 [ADC1BUFD ADC Result Word D (ADC1BUFD<31:0>)

15:0 0000

31:16 0000
9150 [ADC1BUFE ADC Result Word E (ADC1BUFE<31:0>)

15:0 0000

31:16 0000
9160 | ADC1BUFF ADC Result Word F (ADC1BUFF<31:0>)

15:0 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 12.2 “CLR, SET, and INV Registers” for
details.
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REGISTER 25-1:

CVRCON: COMPARATOR VOLTAGE REFERENCE 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 — — — — — — — —

. R/W-0 u-0 u-0 U-0 u-0 u-0 u-0 u-0
15:8 OND — — — — — — —
20 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

' — CVROE CVRR CVRSS CVR<3:0>

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 14-7

bit 6

bit 5

bit 4

bit 3-0

ON: Comparator Voltage Reference On bit()
1 = Module is enabled
Setting this bit does not affect other bits in the register.
0 = Module is disabled and does not consume current
Clearing this bit does not affect the other bits in the register.
Unimplemented: Read as ‘0’
CVROE: CVREFOUT Enable bit
1 = Voltage level is output on CVREFOUT pin
0 = Voltage level is disconnected from CVREFOUT pin
CVRR: CVREF Range Selection bit
1 =0 to 0.67 CVRSRC, with CVRSRC/24 step size
0 = 0.25 CVRSRC to 0.75 CVRsRC, with CVRSRC/32 step size
CVRSS: CVREF Source Selection bit
1 = Comparator voltage reference source, CVRSRC = (VREF+) — (VREF-)
0 = Comparator voltage reference source, CVRSRC = AVDD — AVSS
CVR<3:0>: CVREF Value Selection 0 < CVR<3:0> < 15 bits
When CVRR =1:
CVREF = (CVR<3:0>/24) ¢ (CVRSRC)
When CVRR = 0:
CVREF = 1/4 ¢ (CVRSRC) + (CVR<3:0>/32) ¢ (CVRSRC)

Note 1: When using 1:1 PBCLK divisor, the user software should not read/write the peripheral’s SFRs in the

SYSCLK cycle immediately following the instruction that clears the module’s ON bit.

© 2012-2016 Microchip Technology Inc.
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REGISTER 26-1: CTMUCON: CTMU CONTROL REGISTER (CONTINUED)
bit 24 EDG1STAT: Edge 1 Status bit
Indicates the status of Edge 1 and can be written to control edge source
1 = Edge 1 has occurred
0 = Edge 1 has not occurred
bit 23 EDG2MOD: Edge 2 Edge Sampling Select bit
1 = Input is edge-sensitive
0 = Input is level-sensitive
bit 22 EDG2POL: Edge 2 Polarity Select bit

1 = Edge 2 programmed for a positive edge response
0 = Edge 2 programmed for a negative edge response
bit 21-18 EDG2SEL<3:0>: Edge 2 Source Select bits

1111 = Reserved
1110 = C20UT pin is selected
1101 = C10UT pin is selected
1100 = PBCLK clock is selected
1011 = IC3 Capture Event is selected
1010 = IC2 Capture Event is selected
1001 = IC1 Capture Event is selected
1000 = CTED13 pin is selected
0111 = CTED12 pin is selected
0110 = CTED11 pin is selected
0101 = CTED10 pin is selected
0100 = CTED? pin is selected
0011 = CTED1 pin is selected
0010 = CTED2 pin is selected
0001 = OC1 Compare Event is selected
0000 = Timer1 Event is selected

bit 17-16 Unimplemented: Read as ‘0’

bit 15 ON: ON Enable bit

1 = Module is enabled
0 = Module is disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 CTMUSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12 TGEN: Time Generation Enable bit(})
1 = Enables edge delay generation
0 = Disables edge delay generation
bit 11 EDGEN: Edge Enable bit
1 = Edges are not blocked
0 = Edges are blocked

Note 1: When this bit is set for Pulse Delay Generation, the EDG2SEL<3:0> bits must be set to ‘1110’ to select
C20UT.

2:  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.

3. Refer to the CTMU Current Source Specifications (Table 31-42) in Section 31.0 “Electrical
Characteristics” for current values.

4: This bit setting is not available for the CTMU temperature diode.
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TABLE 31-7: DC CHARACTERISTICS: POWER-DOWN CURRENT (IpD) (CONTINUED)
Standard Operating Conditions: 2.3V to 3.6V (unless otherwise stated)
Operating temperature 0°C < TA < +70°C for Commercial
DC CHARACTERISTICS P ° P -40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-temp
Param. No. | Typ.(z) ‘ Max. | Units Conditions
PIC32MX370 Devices Only
Power-Down Current (IPD) (Note 1)
DC40k 55 95 pA -40°C
gg:gln 28811 49550 ﬁﬁ ::208 Base Power-Down Current
DC40m 559 895 MA +105°C
PIC32MX470 Devices Only
Power-Down Current (IPD) (Note 1)
DC40k 33 78 pA -40°C
DC400 33 78 WA 0°c®
nggL ;:1 475% ﬁﬁ +;(2)§CC(:5) Base Power-Down Current
DC40n 281 450 pA +85°C
DC40m 559 895 MA +105°C
PIC32MX330/350/370/430/450/470 Devices
Module Differential Current
DC41e 6.7 20 pA 3V Watchdog Timer Current: AlIwDT (Note 3)
DC42e 29.1 50 pA 3V RTCC + Timer1 w/32 kHz Crystal: AIRTCC (Note 3)
DC43d 1000 | 1200 pA 3V ADC: AlADC (Notes 3,4)
Note 1: The test conditions for IPD measurements are as follows:
» Oscillator mode is EC (for 8 MHz and below) and EC+PLL (for above 8 MHz) with OSC1 driven by
external square wave from rail-to-rail, (OSC1 input clock input over/undershoot < 100 mV required)
» OSC2/CLKO is configured as an I/O input pin
* USB PLL oscillator is disabled if the USB module is implemented, PBCLK divisor = 1:8
* CPU is in Sleep mode, program Flash memory Wait states = 7, Program Cache and Prefetch are
disabled and SRAM data memory Wait states = 1
* No peripheral modules are operating, (ON bit = 0), but the associated PMD bit is set
» WDT, Clock Switching, Fail-Safe Clock Monitor, and Secondary Oscillator are disabled
» All'I/O pins are configured as inputs and pulled to Vss
« MCLR = VDD
» RTCC and JTAG are disabled
» Voltage regulator is off during Sleep mode (VREGS bit in the RCON register = 0)
2. Datain the “Typical” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance
only and are not tested.
3:  The A current is the additional current consumed when the module is enabled. This current should be
added to the base IPD current.
4: Test conditions for ADC module differential current are as follows: Internal ADC RC oscillator enabled.
5: 120 MHz commercial devices only (0°C to +70°C).
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”’, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://microchip.com/support
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