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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"

Obsolete

MIPS32® M4K™

32-Bit Single-Core

80MHz

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

256KB (256K x 8)

FLASH

64K x 8

2.3V ~ 3.6V

A/D 28x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

124-VFTLA Dual Rows, Exposed Pad

124-VTLA (9x9)
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PIC32MX330/350/370/430/450/470

TABLE 4:

PIN NAMES FOR 100-PIN DEVICES

100-PIN TQFP (TOP VIEW)(1:2:3)

PIC32MX330F064L
PIC32MX350F128L
PIC32MX350F256L
PIC32MX370F512L

Pin # Full Pin Name Pin # Full Pin Name
1 RG15 36 |Vss
2 |VDD 37 |VDD
3 |AN22/RPE5/PMD5/RES 38 |TCK/CTED2/RA1
4 | AN23/PMD6/RE6 39 |RPF13/RF13
5 |AN27/PMD7/RE7 40 |RPF12/RF12
6 RPC1/RCA1 41 |AN12/PMA11/RB12
7 RPC2/RC2 42 |AN13/PMA10/RB13
8 RPC3/RC3 43 |AN14/RPB14/CTED5/PMA1/RB14
9 RPC4/CTED7/RC4 44 | AN15/RPB15/0CFB/CTED6/PMAO/RB15
10 |AN16/C1IND/RPG6/SCK2/PMA5/RG6 45 |Vss
11 |AN17/C1INC/RPG7/PMA4/RG7 46 |VDD
12 [AN18/C2IND/RPG8/PMA3/RG8 47 |RPD14/RD14
13 |MCLR 48 |RPD15/RD15
14 [AN19/C2INC/RPG9/PMA2/RG9 49 |RPF4/PMA9/RF4
15 |Vss 50 |RPF5/PMA8/RF5
16 |VDD 51 |RPF3/RF3
17 |TMS/CTED1/RAO 52 |RPF2/RF2
18 |RPES/RE8 53 |RPF8/RF8
19 |RPE9/RE9 54 |RPF7/RF7
20 |AN5/C1INA/RPB5/RB5 55 |RPF6/SCK1/INTO/RF6
21 |AN4/C1INB/RB4 56 |SDA1/RG3
22 |PGED3/AN3/C2INA/RPB3/RB3 57 |SCL1/RG2
23 |PGEC3/AN2/C2INB/RPB2/CTED13/RB2 58 |SCL2/RA2
24 |PGEC1/AN1/RPB1/CTED12/RB1 59 |SDA2/RA3
25 |PGED1/ANO/RPB0O/RBO 60 |TDI/CTED9/RA4
26 |PGEC2/AN6/RPB6/RB6 61 |TDO/RA5
27 |PGED2/AN7/RPB7/CTED3/RB7 62 |VDD
28 | VREF-/CVREF-/PMA7/RA9 63 |OSC1/CLKI/RC12
29 |VRerF+/CVREF+/PMAG/RA10 64 |OSC2/CLKO/RC15
30 |AVDD 65 |Vss
31 |AVss 66 |RPA14/RA14
32 |AN8/RPB8/CTED10/RB8 67 |RPA15/RA15
33 |AN9/RPB9/CTED4/RB9 68 |RPD8/RTCC/RD8
34 |CVvREFOUT/AN10/RPB10/CTED11PMA13/RB10 69 |RPD9/RD9
35 |AN11/PMA12/RB11 70 |RPD10/PMCS2/RD10

Note 1: The RPn pins can be used by remappable peripherals. See Table 1 for the available peripherals and Section 12.3 “Peripheral Pin

Select” for restrictions.

2: Every 1/0O port pin (RAX-RGXx), with the exception of RF6, can be used as a change notification pin (CNAx-CNGx). See Section 12.0 “I/O

Ports” for more information.

3:  RPF6 (pin 55) and RPF7 (pin 54) are only remappable for input functions.

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

2.9 Unused 1I/Os

Unused I/O pins should not be allowed to float as
inputs. They can be configured as outputs and driven
to a logic-low state.

Alternatively, inputs can be reserved by connecting the
pin to Vss through a 1k to 10k resistor and configuring
the pin as an input.

2.10 EMI/EMC/EFT (IEC 61000-4-4 and
IEC 61000-4-2) Suppression
Considerations

The use of LDO regulators is preferred to reduce
overall system noise and provide a cleaner power
source. However, when utilizing switching Buck/
Boost regulators as the local power source for PIC32
devices, as well as in electrically noisy environ-
ments or test conditions required for IEC 61000-4-4
and IEC 61000-4-2, users should evaluate the use of
T-Filters (i.e., L-C-L) on the power pins, as shown in
Figure 2-5. In addition to a more stable power
source, use of this type of T-Filter can greatly reduce
susceptibility to EMI sources and events.

FIGURE 2-5: EMI/EMC/EFT
SUPPRESSION CIRCUIT
Ferrite Chip SMD
DCR =0.15Q (max)
600 ma ISAT
300Q @ 100 MHz
PN#: 1-1624117-3
VDD
Ferrite 01 WF
Chips ¢ g
0.1 pF 0.1 uF
] o
2% 88
>= => vssh
Vss VDD e
i VDD l
0.1 yF T vss| @ < 01 ¥F
~ PIC32 VDD .
° xss Vss @ < 0.1 F
T DD ®
0.1 pF_L ™ VusB3vs [ @
T on »nQ g
- ¥V =z £s 0.1 uF
e N
Y
i 0.1 pF —L0.1uF  Ferrite
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N
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PIC32MX330/350/370/430/450/470

REGISTER 10-8:

DCHXECON: DMA CHANNEL ‘x’ EVENT 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 U0 U0 U0 U-0 U-0 U-0 U-0
31:24 — — — — — — — —
. R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
23:16 CHAIRQ<7:0>()
_ Rw-1 | Rwa | Rw1 | O RW [ RW- | RWH R/W-1 R/W-1
15:8 CHSIRQ<7:0>1
_ S0 S0 RIW-0 RIW-0 R/W-0 u-0 u-0 u-0
70 CFORCE CABORT PATEN SIRQEN AIRQEN — — —
Legend: S = Settable bit

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

x = Bit is unknown

bit 31-24 Unimplemented: Read as ‘0’
bit 23-16 CHAIRQ<7:0>: Channel Transfer Abort IRQ bits()

bit 15-8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Note 1:

11111111 = Interrupt 255 will abort any transfers in progress and set CHAIF flag

00000001 = Interrupt 1 will abort any transfers in progress and set CHAIF flag
00000000 = Interrupt 0 will abort any transfers in progress and set CHAIF flag

CHSIRQ<7:0>: Channel Transfer Start IRQ bits ()
11111111 = Interrupt 255 will initiate a DMA transfer

00000001 = Interrupt 1 will initiate a DMA transfer
00000000 = Interrupt 0 will initiate a DMA transfer

CFORCE: DMA Forced Transfer bit

1 = A DMA transfer is forced to begin when this bit is written to a ‘1’

0 = This bit always reads ‘0’
CABORT: DMA Abort Transfer bit

1 = A DMA transfer is aborted when this bit is written to a ‘1’
0 = This bit always reads ‘0’

PATEN: Channel Pattern Match Abort Enable bit

1 = Abort transfer and clear CHEN on pattern match
0 = Pattern match is disabled

SIRQEN: Channel Start IRQ Enable bit

1 = Start channel cell transfer if an interrupt matching CHSIRQ occurs
0 = Interrupt number CHSIRQ is ignored and does not start a transfer

AIRQEN: Channel Abort IRQ Enable bit

1 = Channel transfer is aborted if an interrupt matching CHAIRQ occurs
0 = Interrupt number CHAIRQ is ignored and does not terminate a transfer

Unimplemented: Read as ‘0’

See Table 7-1: “Interrupt IRQ, Vector and Bit Location” for the list of available interrupt IRQ sources.

DS60001185F-page 104
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PIC32MX330/350/370/430/450/470

REGISTER 11-16: U1SOF: USB SOF THRESHOLD 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
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
' CNT<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 31-8 Unimplemented: Read as ‘0’

bit 7-0 CNT<7:0>: SOF Threshold Value bits

Typical values of the threshold are:
01001010 = 64-byte packet
00101010 = 32-byte packet
00011010 = 16-byte packet
00010010 = 8-byte packet

REGISTER 11-17: U1BDTP1: USB BDT PAGE 1 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
0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
’ BDTPTRL<15:9> —
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’

BDTPTRL<15:9>: BDT Base Address bits

This 7-bit value provides address bits 15 through 9 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.
Unimplemented: Read as ‘0’

bit 7-1

bit 0

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

TABLE 12-2: OUTPUT PIN SELECTION (CONTINUED)
RPN Port Pin RPNR SFR RPNR bits RPNR Value to Peripheral
Selection
RPD9 RPDIR RPD9R<3:0> 0000 = No Connect
RPG6 RPG6R RPG6R<3:0> 0001 = U3RTS
RPB8 RPBSR RPB8R<3:0> 0010 = U4TX
RPB15 RPB15R RPB15R<3:0> 0011 =REFCLKO
: 0100 = U5TX®
RPD4 RPD4R RPD4R<3:0> 0101 = Reserved
RPBO RPBOR RPBOR<3:0> 0110 = Reserved
RPE3 RPE3R RPE3R<3:0> 0111 = SS1
RPB7 RPB7R RPB7R<3:0> 1000 = SDO1
RPB2 RPB2R RPB2R<3:0> 1803 = Eeser"eg
1010 = Reserve
Q) <3:0>
RPF12(4) RPF12R RPF12R<3:0 1011 = OC5
RPD12 RPD12R RPD12R<3:0> 1100 = Reserved
RPF8®) RPF8R RPF8R<3:0> 1101 = C10UT
RPC3® RPC3R RPC3R<3:0> 1110 = Reserved
RPE9® RPE9R RPE9R<3:0> 1111 = Reserved
RPD1 RPD1R RPD1R<3:0> 0000 = No Connect
RPG9 RPGYR RPGYR<3:0> 0001 = U2RTS
RPB14 RPB14R RPB14R<3:0> 0010 = Reserved
: 0011 = UTRTS
RPDO RPDOR RPDOR<3:0> 0100 = U5TX®
RPDS8 RPD8R RPD8R<3:0> 0101 = Reserved
RPB6 RPB6R RPB6R<3:0> 0110 = SS2
- 0111 = Reserved
RPD5 RPD5R RPD5R<3:0> 1000 = SDO1
RPF3() RPF3R RPF3R<3:0> 1001 = Reserved
RPF6() RPF6R RPF6R<3:0> 1010 = Reserved
RPF13(@ RPF13R RPF13R<3:0> 1011 = 0C2
D - 1100 = OC1
RPC2 RPC2R RPC2R<3:0> 1101 = Reserved
RPES® RPESR RPE8R<3:0> 1110 = Reserved
RPF20) RPF2R RPF2R<3:0> 1111 = Reserved

Note 1: This selection is only available on General Purpose devices.

This selection is only available on 64-pin General Purpose devices.

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

This selection is only available on 100-pin USB and General Purpose devices.
This selection is not available on 64-pin USB devices.

DS60001185F-page 144 © 2012-2016 Microchip Technology Inc.
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TABLE 12-16: PORTG REGISTER MAP FOR PIC32MX330F064H, PIC32MX350F128H, PIC32MX350F256H, PIC32MX370F512H,
PIC32MX430F064H, PIC32MX450F128H, PIC32MX450F256H, AND PIC32MX470F512H DEVICES ONLY

@ Bits

O~ )

S #I E'Ja =] %)

S Do % = ©

I® >E o <3

Ty & 3 = 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 1711 16/0 4

2> [}

£

6600| ANSELG |18l — — — — — — — — — — — — — — — — 0000
15:0 — — — — — — ANSELG9 | ANSELG8 | ANSELG7 | ANSELG6 — — — — — — 01C0

s610l TRISG 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — — — TRISGY | TRISG8 | TRISG7 | TRISG6 — — TRISG3 | TRISG2 — — XXXX

6620 PORTG 31:16 — — — — — — — - - — - — — = = — 0000
15:0 — — — — — — RG9 RG8 RG7 RG6 — — RG3® | RG2® — —  [xxxx

6630| LATG 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — — — LATG9 LATG8 LATG7 LATG6 — — LATG3 | LATG2 — — XXXX
31:16 — — — — — — — — — — — — — — — — 0000

6640/ ODCG
15:0 — — — — — — ODCG9 | ODCG8 | ODCG7 | ODCG6 — — ODCG3 | ODCG2 — — XXXX

6650 cNPUG 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — — — CNPUG9 | CNPUG8 | CNPUG7 | CNPUG6 — — CNPUG3 | CNPUG2 — — XXXX

6660 CNPDG 31:16 — = — — — — — _ _ _ - —_ — — — = 0000
15:0 — — — — — — CNPDG9 | CNPDG8 | CNPDG7 | CNPDG6 — — CNPDG3 | CNPDG2 — — XXXX

6670| CNCONG |10 — — — — — — — — — — — — — — — — |0000
15:0 ON — SIDL — — — — — — — — — — — — — 0000

o680l cNENG 31:16 — — — — — — — — — — — — — — — — 0000
15:0 — — — — — — CNIEGY | CNIEG8 | CNIEG7 | CNIEG6 — — CNIEG3 | CNIEG2 — — XXXX
31:16 — — — — — — — — — — — — — — — — 0000

6690 | CNSTATG 15:0 o o - - - - CN CN CN CN - - CN CN o - XXX

) STATGY9 | STATG8 | STATG7 | STATG6 STATG3 | STATG2
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.
2:  This bit is only available on devices without a USB module.
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PIC32MX330/350/370/430/450/470

14.0 TIMERZ2/3, TIMERA4/5

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

Note:

The PIC32MX330/350/370/430/450/470 family of
devices features four synchronous 16-bit timers
(default) that can operate as a free-running interval
timer for various timing applications and counting
external events. The following modes are supported:

» Synchronous internal 16-bit timer

» Synchronous internal 16-bit gated timer

» Synchronous external 16-bit timer

Two 32-bit synchronous timers are available by
combining Timer2 with Timer3 and Timer4 with Timer5.
The 32-bit timers can operate in three modes:

» Synchronous internal 32-bit timer

» Synchronous internal 32-bit gated timer

» Synchronous external 32-bit timer

Note: In this chapter, references to registers,
TxCON, TMRx and PRx, use ‘X to
represent Timer2 through 5 in 16-bit

modes. In 32-bit modes, ‘X’ represents

Timer2 or 4; ‘y’ represents Timer3 or 5.

14.1 Additional Supported Features

» Selectable clock prescaler
» Timers operational during CPU idle

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

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

+ Fast bit manipulation using CLR, SET, and INV
registers

FIGURE 14-1: TIMER?2, 3, 4, 5 BLOCK DIAGRAM (16-BIT)
Data Bus<31:0>
<15:O>\H
Reset
TMRx g Sync
r—— = ;
| ADC Eysnt c tor x 16
i omparator x
| Trigger | Equal p:
| ﬁ
PRx
TxIF
Event Flag Q D TGATE
Q —
TGATE Tes
ON
TxCK % l’}z x 1
Prescaler
Sate o —11,2,4,8,16, —
y 32, 64, 256
PBCLK 00 ¢3
Note 1:  ADC event trigger is available on Timer3 only. TCKPS

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

REGISTER 14-1: TxCON: TYPE B TIMER CONTROL REGISTER (CONTINUED)

bit 3

bit 2
bit 1

bit 0

Note 1:

T32: 32-Bit Timer Mode Select bit(®

1 = Odd numbered and even numbered timers form a 32-bit timer

0 = Odd numbered and even numbered timers form a separate 16-bit timer
Unimplemented: Read as ‘0’

TCS: Timer Clock Source Select bit(®)
1 = External clock from TxCK pin
0 = Internal peripheral clock

Unimplemented: Read as ‘0’

When using 1:1 PBCLK divisor, the user’s software should not read/write the peripheral SFRs in the
SYSCLK cycle immediately following the instruction that clears the module’s ON bit.

This bit is available only on even numbered timers (Timer2 and Timer4).

While operating in 32-bit mode, this bit has no effect for odd numbered timers (Timer3 and Timer5). All
timer functions are set through the even numbered timers.

While operating in 32-bit mode, this bit must be cleared on odd numbered timers to enable the 32-bit timer
in Idle mode.

© 2012-2016 Microchip Technology Inc. DS60001185F-page 175
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NOTES:
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NOTES:
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PIC32MX330/350/370/430/450/470

REGISTER 20-2:

UxSTA: UARTx STATUS AND 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 R/W-0
31:24 — — — — — — — ADM_EN
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 ADDR<7:0>
R/W-0 | R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-1
15:8 UTXISEL<1:0> UTXINV URXEN UTXBRK UTXEN UTXBF TRMT
_ R/W-0 | R/W-0 R/W-0 R-1 R-0 R-0 R/W-0 R-0
70 URXISEL<1:0> ADDEN RIDLE PERR FERR OERR URXDA
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 31-25
bit 24

bit 23-16

bit 15-14

bit 13

bit 12

bit 11

bit 10

bit 9

Unimplemented: Read as ‘0’

ADM_EN: Automatic Address Detect Mode Enable bit

1= Automatic Address Detect mode is enabled

0 = Automatic Address Detect mode is disabled

ADDR<7:0>: Automatic Address Mask bits

When the ADM_EN bit is ‘1’, this value defines the address character to use for automatic address
detection.

UTXISEL<1:0>: TX Interrupt Mode Selection bits

11 = Reserved, do not use

10 = Interrupt is generated and asserted while the transmit buffer is empty

01 = Interrupt is generated and asserted when all characters have been transmitted

00 = Interrupt is generated and asserted while the transmit buffer contains at least one empty space

UTXINV: Transmit Polarity Inversion bit

If I'DA mode is disabled (i.e., IREN (UxMODE<12>) is ‘0’):
1= UxTX Idle state is ‘0’
0 = UxTX Idle state is ‘1’

If IrDA mode is enabled (i.e., IREN (UxXMODE<12>) is ‘1’):
1 = IrDA encoded UxTX Idle state is ‘1’
0 = IrDA encoded UxTX Idle state is ‘0’

URXEN: Receiver Enable bit

1 = UARTXx receiver is enabled. UxRX pin is controlled by UARTx (if ON = 1)

0 = UARTX receiver is disabled. UxRX pin is ignored by the UARTx module. UXRX pin is controlled by the
port.

UTXBRK: Transmit Break bit

1 = Send Break on next transmission. Start bit followed by twelve ‘0’ bits, followed by Stop bit; cleared by
hardware upon completion

0 = Break transmission is disabled or completed

UTXEN: Transmit Enable bit

1 = UARTX transmitter is enabled. UxTX pin is controlled by UARTx (if ON = 1)

0 = UARTX transmitter is disabled. Any pending transmission is aborted and buffer is reset. UXTX pin is
controlled by the port.

UTXBF: Transmit Buffer Full Status bit (read-only)

1 = Transmit buffer is full

0 = Transmit buffer is not full, at least one more character can be written

DS60001185F-page 210
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PIC32MX330/350/370/430/450/470

REGISTER 22-1: RTCCON: RTC CONTROL REGISTER (CONTINUED)
bit 3 RTCWREN: RTC Value Registers Write Enable bit*

1 = RTC Value registers can be written to by the user
0 = RTC Value registers are locked out from being written to by the user

bit 2 RTCSYNC: RTCC Value Registers Read Synchronization bit

1 = RTC Value registers can change while reading, due to a rollover ripple that results in an invalid data read
If the register is read twice and results in the same data, the data can be assumed to be valid
0 = RTC Value registers can be read without concern about a rollover ripple

bit 1 HALFSEC: Half-Second Status bit(®

1 = Second half period of a second
0 = First half period of a second

bit 0 RTCOE: RTCC Output Enable bit

1 = RTCC clock output is enabled — clock presented onto an 1/0
0 = RTCC clock output is disabled

Note 1: The ON bit is only writable when RTCWREN = 1.

2. When using the 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.

3. Requires RTCOE = 1 (RTCCON<0>) for the output to be active.
4: The RTCWREN bit can be set only when the write sequence is enabled.
5. This bit is read-only. It is cleared to ‘0’ on a write to the seconds bit fields (RTCTIME<14:8>).

Note:  This register is reset only on a Power-on Reset (POR).
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REGISTER 24-1: CMxCON: COMPARATOR 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 — — — — — — — —
158 R/W-0 R/W-0 R/W-0 u-0 u-0 U-0 u-0 R-0
' ON®D COE cpPoL® — — — — couT
70 R/W-1 R/W-1 u-0 R/W-0 u-0 u-0 R/W-1 R/W-1
' EVPOL<1:0> — CREF — — CCH<1:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’
bit15  ON: Comparator ON bit™®
1 = Module is enabled. Setting this bit does not affect the other bits in this register
0 = Module is disabled and does not consume current. Clearing this bit does not affect the other bits in this
register
bit 14 COE: Comparator Output Enable bit
1 = Comparator output is driven on the output CxOUT pin
0 = Comparator output is not driven on the output CxOUT pin
bit 13 CPOL: Comparator Output Inversion bit(®)

1 = Output is inverted
0 = Output is not inverted

bit 12-9 Unimplemented: Read as ‘0’
bit 8 COUT: Comparator Output bit
1 = Output of the Comparator is a ‘1’
0 = Output of the Comparator is a ‘0’
bit 7-6 EVPOL<1:0>: Interrupt Event Polarity Select bits
11 = Comparator interrupt is generated on a low-to-high or high-to-low transition of the comparator output
10 = Comparator interrupt is generated on a high-to-low transition of the comparator output
01 = Comparator interrupt is generated on a low-to-high transition of the comparator output
00 = Comparator interrupt generation is disabled
bit 5 Unimplemented: Read as ‘0’
bit 4 CREF: Comparator Positive Input Configure bit
1 = Comparator non-inverting input is connected to the internal CVREF
0 = Comparator non-inverting input is connected to the CxINA pin
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 CCH<1:0>: Comparator Negative Input Select bits for Comparator
11 = Comparator inverting input is connected to the IVREF
10 = Comparator inverting input is connected to the CxIND pin
01 = Comparator inverting input is connected to the CxINC pin
00 = Comparator inverting input is connected to the CxINB pin

Note 1. When using the 1:1 PBCLK divisor, the user’s software should not read/write the peripheral’s SFRs in the
SYSCLK cycle immediately following the instruction that clears the module’s ON bit.

2. Setting this bit will invert the signal to the comparator interrupt generator as well. This will result in an
interrupt being generated on the opposite edge from the one selected by EVPOL<1:0>.
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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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REGISTER 28-1: DEVCFGO: DEVICE CONFIGURATION WORD 0 (CONTINUED)

bit 11-5 Reserved: Write ‘1’
bit 4-3 ICESEL<1:0>: In-Circuit Emulator/Debugger Communication Channel Select bits
11 = PGEC1/PGED1 pair is used
10 = PGEC2/PGED2 pair is used
01 = PGEC3/PGEDS pair is used
00 = Reserved
bit 2 JTAGEN: JTAG Enable bit(
1 = JTAG is enabled
0 = JTAG is disabled

bit 1-0 DEBUG<1:0>: Background Debugger Enable bits (forced to ‘11’ if code-protect is enabled)

1x = Debugger is disabled
0x = Debugger is enabled

Note 1: This bit sets the value for the JTAGEN bit in the CFGCON register.
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30.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

30.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

30.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

30.9 PICKkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

30.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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TABLE 31-12: DC CHARACTERISTICS: PROGRAM MEMORY®)

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature  0°C < TA < +70°C for Commercial
-40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-temp
lea\lrgm. Symbol Characteristics Min. |Typical®| Max. |Units Conditions
D130 EpP Cell Endurance 20,000 — — E/W —
D131 VPR VDD for Read 2.3 — 3.6 \Y, —
D132 VPEW |VDD for Erase or Write 2.3 — 3.6 \% —
D134 TRETD |Characteristic Retention 20 — — Year |Provided no other specifications
are violated
D135 IDDP Supply Current during — 10 — mA —
Programming
D138 |Tww  |Word Write Cycle Time® 44 — 59 us —
D136 |TRw Row Write Cycle Time@4) | 2.8 3.3 3.8 ms —
D137 |TPE Page Erase Cycle Time® | 22 — 29 ms —
D139 |Tce Chip Erase Cycle Time® 86 — 116 ms —

Note 1. Data in “Typical” column is at 3.3V, 25°C unless otherwise stated.

2:  The minimum SYSCLK for row programming is 8 MHz. Care should be taken to minimize bus activities
during row programming, such as suspending any memory-to-memory DMA operations. If heavy bus loads
are expected, selecting Bus Matrix Arbitration mode 2 (rotating priority) may be necessary. The default
Arbitration mode is mode 1 (CPU has lowest priority).

3. Refer to the “PIC32 Flash Programming Specification” (DS60001145) for operating conditions during
programming and erase cycles.

4: This parameter depends on the FRC accuracy (see Table 31-20) and the FRC tuning values (see
Register 8-2).

TABLE 31-13: DC CHARACTERISTICS: PROGRAM FLASH MEMORY WAIT STATE

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature 0°C < TA < +70°C for Commercial
-40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-temp
Required Flash Wait States SYSCLK Units Conditions
. 0-40 MHz -40°C to +85°C
0 Wait State
0-30 MHz -40°C to +105°C
. 41-80 MHz -40°C to +85°C
1 Wait State
31-60 MHz -40°C to +105°C
. 81-100 MHz -40°C to +85°C
2 Wait States
61-80 MHz -40°C to +105°C
3 Wait States 101-120 MHz 0°C to +70°C
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TABLE 31-41: OTG ELECTRICAL SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions: 2.3V to 3.6V

(unless otherwise stated)

Operating temperature  0°C < TA < +70°C for Commercial
-40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-temp

P?\Irg\m. Symbol Characteristics® Min. Typ. Max. Units Conditions
USB313 |VusB3v3 |USB Voltage 3.0 — 3.6 V  |Voltage on VusB3v3
must be in this range
for proper USB
operation
USB315 |ViLusB  |Input Low Voltage for USB Buffer — — 0.8 \% —
USB316 |VIHUSB |Input High Voltage for USB Buffer 2.0 — — \% —
USB318 |VDIFS Differential Input Sensitivity — — 0.2 \% The difference
between D+ and D-
must exceed this value
while VCM is met
USB319 |VCM Differential Common Mode Range 0.8 — 2.5 \% —
USB320 |ZouT Driver Output Impedance 28.0 — 44.0 Q —
USB321 |VoL Voltage Output Low 0.0 — 0.3 Vv 1.425 kQ load
connected to VUSB3v3
USB322 |VoH Voltage Output High 2.8 — 3.6 \% 14.25 kQ load
connected to ground
Note 1. These parameters are characterized, but not tested in manufacturing.
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FIGURE 32-5:

TYPICAL IpD CURRENT @ VDD = 3.3V

IPD (1A)

400

350

300

250

150

100

50

0

PIC32MX330/430 DEVICES

/

|

-40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 110

Temperature (Celsius)

FIGURE 32-7:

TYPICAL IpD CURRENT @ VDD = 3.3V
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FIGURE 32-6:

TYPICAL IpD CURRENT @ VDD = 3.3V

FIGURE 32-8:

TYPICAL IbLE CURRENT @ VDD = 3.3V
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NOTES:
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