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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

CANbDus, I12C, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, POR, PWM, WDT
85

64KB (64K x 8)

FLASH

32K x 8

2.3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 105°C (TA)

Surface Mount

100-TQFP

100-TQFP (14x14)
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PIC32MX5XX/6XX/7XX

TAB

LE11: PIN NAMES FOR USB AND ETHERNET DEVICES

121-PIN TFBGA (BOTTOM VIEW)

PIC32MX664F064L
PIC32MX664F128L
PIC32MX675F256L
PIC32MX675F512L
PIC32MX695F512L

Note: The TFBGA package skips from row “H” to row “J” and has no “I” row.
Pin # Full Pin Name Pin # Full Pin Name
Al | PMD4/RE4 E2 | TACK/RC3
A2 | PMD3/RE3 E3 | ECOL/SCK2/UBTX/U3RTS/PMA5/CN8/RG6
A3 | TRDO/RG13 E4 | T3CK/RC2
A4 | PMDO/REO E5 | VDD
A5 | PMD8/RGO E6 | ETXERR/PMD9/RG1
A6 | ETXDO/PMD10/RF1 E7 |Vss
A7 | VDD E8 | AETXEN/SDAL/INT4/RA15
A8 |[Vss E9 | RTCC/EMDIO/AEMDIO/IC1/RD8
A9 | ETXD2/IC5/PMD12/RD12 E10 | SS1/IC2/RD9
A10 | OC3/RD2 E11 | AETXCLK/SCL1/INT3/RA14
All | OC2/RD1 F1 |MCLR
B1 | No Connect (NC) F2 | ERXDV/AERXDV/ECRSDV/AECRSDV//SCL4/SDO2/U3TX/PMA3/CN10/RG8
B2 | AERXERR/RG15 F3 | ERXCLK/AERXCLK/EREFCLK/AEREFCLK/SS2/UBRX/U3CTS/PMA2/CN11/RGY
B3 | PMD2/RE2 F4 | ECRS/SDA4/SDI2/U3RX/IPMA4/CNI/RG7
B4 | PMD1/RE1 F5 |Vss
B5 | TRD3/RA7 F6 | No Connect (NC)
B6 | ETXD1/PMD11/RFO F7 | No Connect (NC)
B7 | Vcapr F8 | VDD
B8 | PMRD/CN14/RD5 F9 | OSC1/CLKI/RC12
B9 | OC4/RD3 F10 |Vss
B10 |Vss F11 | OSC2/CLKO/RC15
B1l | SOSCO/T1CK/CNO/RC14 G1 | AERXDO/INT1/RE8
Cl | PMD6/RE6 G2 | AERXD1/INT2/RE9
C2 |VDD G3 | TMS/RAO
C3 | TRD1/RG12 G4 | No Connect (NC)
C4 | TRD2/RG14 G5 | Vbp
C5 | TRCLK/RA6 G6 |Vss
C6 | No Connect (NC) G7 |Vss
C7 | ETXCLK/PMD15/CN16/RD7 G8 | No Connect (NC)
C8 | OC5/PMWR/CN13/RD4 G9 | TDO/RA5
C9 |[VbD G10 | SDA2/RA3
C10 | SOSCI/CN1/RC13 G11 | TDI/RA4
Cl11 | EMDC/AEMDC/IC4/PMCS1/PMA14/RD11 H1 | AN5/C1IN+/VBUSON/CN7/RB5
D1 | T2CK/RC1 H2 | AN4/C1IN-/CN6/RB4
D2 |PMD7/RE7 H3 |Vss
D3 | PMD5/RE5 H4 | VbD
D4 | Vss H5 | No Connect (NC)
D5 |Vss H6é | VbD
D6 | No Connect (NC) H7 | No Connect (NC)
D7 | ETXEN/PMD14/CN15/RD6 H8 | VBus
D8 | ETXD3/PMD13/CN19/RD13 H9 | VusB3vs
D9 | SDO1/OC1/INTO/RDO H10 | D+/RG2
D10 | No Connect (NC) H11 | SCL2/RA2
D11 | SCK1/IC3/PMCS2/PMA15/RD10 J1 | AN3/C2IN+/CN5/RB3
E1 | T5CK/SDI1/RC4 J2 | AN2/C2IN-/CN4/RB2
Note 1: Shaded pins are 5V tolerant.
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PIC32MX5XX/6XX/7XX

TABLE 4-1: SFR MEMORY MAP

Peripheral

Virtual Address

Base Offset
Start

Watchdog Timer 0x0000
RTCC 0x0200
Timer1-Timer5 0x0600
Input Capture 1-5 0x2000
Output Compare 1-5 0x3000
12C1-12C5 0x5000
SPI1-SPI14 0x5800
UART1-UART6 0x6000
PMP OxBF80 0x7000
ADC 0x9000
CVREF 0x9800
Comparator 0xA000
Oscillator 0xF000
Device and Revision ID 0xF200
Flash Controller 0xF400
Reset 0xF600
Interrupts 0x1000
Bus Matrix 0x2000
DMA 0x3000
Prefetch 0xBF88 0x4000
USB 0x5040
PORTA-PORTG 0x6000
Ethernet 0x9000
Configuration 0xBFCO Ox2FFO0
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PIC32MX5XX/6XX/7XX

REGISTER 4-7: BMXPFMSZ: PROGRAM FLASH (PFM) SIZE 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 R R R R R R R
31:24 BMXPFMSZ<31:24>
_ R | R R | R | R | R R R
2316 BMXPFMSZ<23:16>
R | R R | R | R | R R R
15:8
BMXPFMSZ<15:8>
' R | R R | R | R | R R R
70 BMXPFMSZ<7:0>
Legend:

R = Readable bit

W = Writable bit

U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bitis unknown

bit 31-0 BMXPFMSZ<31:0>: Program Flash Memory (PFM) Size bits

Static value that indicates the size of the PFM in bytes:
0x00010000 = device has 64 KB Flash

0x00020000 = device has 128 KB Flash

0x00040000 = device has 256 KB Flash

0x00080000 = device has 512 KB Flash

REGISTER 4-8: BMXBOOTSZ: BOOT FLASH (IFM) SIZE 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
3124 R R R R R R R R
’ BMXBOOTSZ<31:24>
R | R | R | R | R | R | R | R
23:16
BMXBOOTSZ<23:16>
R | R | R | R | R | R | R | R
15:8
BMXBOOTSZ<15:8>
T % T s T T & [« [« [ & T &
' BMXBOOTSZ<7:0>
Legend:

W = Writable bit
‘1’ = Bitis set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

bit 31-0 BMXBOOTSZ<31:0>: Boot Flash Memory (BFM) Size bits

Static value that indicates the size of the Boot PFM in bytes:
0x00003000 = device has 12 KB boot Flash

© 2009-2016 Microchip Technology Inc. DS60001156J-page 61
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TABLE 10-3: DMA CHANNELS 0-7 REGISTER MAP
@ Bits
o - ) %)
° #I o =2 2
23 i) 2 G @
— L o8 @ [
Sq g2 = 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 -
e~ o <
S
31:16 — — — — — — — — — — — — — — — — 0000
3060 | DCHOCON
15:0 | CHBUSY — — — — — — CHCHNS CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0> 0000
31:16 — — — — — — — — CHAIRQ<7:0> 00FF
3070 [DCHOECON
15:0 CHSIRQ<7:0> CFORCE | CABORT | PATEN SIRQEN | AIRQEN — — — FFOO
3080 | DCHOINT 31:16 — — — — — — — — CHSDIE | CHSHIE | CHDDIE | CHDHIE | CHBCIE | CHCCIE | CHTAIE | CHERIE [0000
15:0 — — — — — — — — CHSDIF | CHSHIF | CHDDIF | CHDHIF | CHBCIF | CHCCIF CHTAIF CHERIF [0000
31:16 0000
3090 | DCHOSSA CHSSA<31:0>
15:0 0000
31:16 0000
30A0 | DCHODSA CHDSA<31:0>
15:0 0000
31:16 — = | = 1T = 1T = — — = | = — — = | = — — | —  Joooo
30B0 | DCHOSSIZ
15:0 CHSSIZ<15:0> 0000
3116 — T — = = | = = — = = — — | —  TJoooo
30C0 | DCHODSIZ
15:0 CHDSIZ<15:0> 0000
3116 — = | = 1T =1 = — = = | = = — = | = — — | — Joooo
30D0 |DCHOSPTR
15:0 CHSPTR<15:0> 0000
31:16 — = | = 1T = 1T = — — = | = — — = | = — — | —  Joooo
30EQ0 |DCHODPTR
15:0 CHDPTR<15:0> 0000
3116 — = | = 1T = 1T = — = = | = = — = | = — — | — Joooo
30F0 | DCHOCSIZ
15:0 CHCSIZ<15:0> 0000
3116 — = I = 1T =1 = — — = [ = — — = I = — — | —  Joooo
3100 [DCHOCPTR
15:0 CHCPTR<15:0> 0000
31:16 — — — — — — — — — — — = | = — — | —  Joooo
3110 | DCHODAT
15:0 — — — — — — — — CHPDAT<7:0> 0000
3116 — = — — = — = = — = — = = — — | — Joooo
3120 | DCH1CON
15:0 | CHBUSY — — — — — — CHCHNS CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0> 0000
31:16 — — — — — — — — CHAIRQ<7:0> O00FF
3130 [DCH1ECON
15:0 CHSIRQ<7:0> CFORCE | CABORT | PATEN SIRQEN | AIRQEN — — — FFOO
3140 | DCHLINT 31:16 — — — — — — — — CHSDIE | CHSHIE | CHDDIE | CHDHIE | CHBCIE | CHCCIE | CHTAIE | CHERIE [0000
15:0 — — — — — — — — CHSDIF | CHSHIF | CHDDIF | CHDHIF | CHBCIF | CHCCIF CHTAIF CHERIF {0000
31:16 0000
3150 | DCH1SSA CHSSA<31:0>
15:0 0000
31:16 0000
3160 | DCH1DSA CHDSA<31:0>
15:0 0000
31:16 — — — — — — — — — — — — — — — — 0000
3170 | DCH1SSIZ
15:0 CHSSIZ<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 OxC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more
information.

2: DMA channels 4-7 are not available on PIC32MX534/564/664/764 devices.
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TABLE 10-3: DMA CHANNELS 0-7 REGISTER MAP (CONTINUED)
® Bits
o - 5} %)
° nl o = 2
o© i %]
<3| 22 | & &
Tg ';-'3 e g = 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 <
£
31:16 — — — — — — — — — — — — — — — — 0000
35F0 | DCH7SSIZ
15:0 CHSSIZ<15:0> 0000
awe] — | — | — [ = 1 = | = — — | = — — — | = — — —  Joooo
3600 | DCH7DSIZ
15:0 CHDSIZ<15:0> 0000
sts] — [ — | — [ — 1 = [ = = = | = = — = = — = —  [oooo
3610 [DCH7SPTR
15:0 CHSPTR<15:0> 0000
sts] — [ — [ — [ — 1 = [ = = = | = = — = | = — = —  [oooo
3620 [DCH7DPTR
15:0 CHDPTR<15:0> 0000
31:16 = | = 1T =T =1 =1 = — = | = — — = | = — — — o000
3630 | DCH7CSIZ
15:0 CHCSIZ<15:0> 0000
sts] — [ — | — [ — 1 = [ = = = | = = — = = — = —  [oooo
3640 [DCH7CPTR
15:0 CHCPTR<15:0> 0000
3116 — = — — = — = = — = — = | = — = —  [oooo
3650 | DCH7DAT
15:0 — — — — — — — — CHPDAT<7:0> 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 12.1.1 “CLR, SET and INV Registers” for more
information.

2: DMA channels 4-7 are not available on PIC32MX534/564/664/764 devices.
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PIC32MX5XX/6XX/7XX

11.0 USB ON-THE-GO (OTG)

Note: This data sheet summarizes the features
of the PIC32MX5XX/6XX/7XX family of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to Section 27. “USB On-The-
Go (OTG)” (DS60001126) in the “PIC32
Family Reference Manual”, which is avail-
able from the Microchip web site

(www.microchip.com/PIC32).

The Universal Serial Bus (USB) module contains
analog and digital components to provide a USB 2.0
full-speed and low-speed embedded Host, full-speed
Device or OTG implementation with a minimum of
external components. This module in Host mode is
intended for use as an embedded host and therefore
does not implement a UHCI or OHCI controller.

The USB module consists of the clock generator, the
USB voltage comparators, the transceiver, the Serial
Interface Engine (SIE), a dedicated USB DMA control-
ler, pull-up and pull-down resistors, and the register
interface. A block diagram of the PIC32 USB OTG
module is presented in Figure 11-1.

The clock generator provides the 48 MHz clock
required for USB full-speed and low-speed communi-
cation. The voltage comparators monitor the voltage on
the VBUS pin to determine the state of the bus. The
transceiver provides the analog translation between
the USB bus and the digital logic. The SIE is a state
machine that transfers data to and from the endpoint
buffers and generates the hardware protocol for data
transfers. The USB DMA controller transfers data
between the data buffers in RAM and the SIE. The inte-
grated pull-up and pull-down resistors eliminate the
need for external signaling components. The register
interface allows the CPU to configure and
communicate with the module.

The USB module includes the following features:

¢ USB Full-speed support for host and device
¢ Low-speed host support

e USB OTG support

« Integrated signaling resistors

« Integrated analog comparators for VBUS
monitoring

« Integrated USB transceiver

« Transaction handshaking performed by hardware
< Endpoint buffering anywhere in system RAM

« Integrated DMA to access system RAM and Flash

Note:  The implementation and use of the USB
specifications, as well as other third party
specifications or technologies, may
require licensing; including, but not limited
to, USB Implementers Forum, Inc. (also
referred to as USB-IF). The user is fully
responsible  for investigating and
satisfying any applicable licensing
obligations.

© 2009-2016 Microchip Technology Inc.
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23.1 Control Registers
TABLE 23-1: ADC REGISTER MAP
2 Bits
o s o <] 1]
=} [J] =2 7]
gg| IE | & :
Tg é & z = 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 —
2= m <
£
| 3L:16 — — — — — — — — — — — — — — — — 0000
9000 [AD1CON1
15:0 ON — SIDL — — FORM<2:0> SSRC<2:0> CLRASAM — ASAM SAMP DONE |0000
| 3L1:16 — — — — — — — — — — — — — — — — 0000
9010 [AD1CON2!
15:0 | VCFG2 VCFG1 VCFGO | OFFCAL — CSCNA — — BUFS — SMPI<3:0> BUFM ALTS |0000
| 31:16 — — — — — — — — — — — — — — — — 0000
9020 [AD1CONS3!
15:0 | ADRC — — SAMC<4:0> ADCS<7:0> 0000
@ [31:16| CHONB — — — CHOSB<3:0> CHONA — — — CHOSA<3:0> 0000
9040 | AD1CHS
15:0 — — — — — — — — — — — — — — — — 0000
|3L:16 — — — — — — — — — — — — — — — — 0000
9060 [AD1PCFG
15:0 | PCFG15 | PCFG14 | PCFG13 | PCFG12 | PCFG11 | PCFG10 | PCFG9 PCFG8 PCFG7 PCFG6 PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGO |0000
|31:16 — — — — — — — — — — — — — — — — 0000
9050 [AD1CSSL
15:0 | CSSL15 | CSSL14 | CSSL13 | CSSL12 | CSSL11 | CSSL10 | CSSL9 CSSL8 CSSL7 CSSL6 CSSL5 CSSL4 CSSL3 CSSL2 CSSL1 CSSLO |0000
31:16 0000
9070 | ADC1BUFO ADC Result Word 0 (ADC1BUF0<31:0>)
15:0 0000
31:16 0000
9080 | ADC1BUF1 ADC Result Word 1 (ADC1BUF1<31:0>)
15:0 0000
31:16 0000
9090 [ ADC1BUF2 ADC Result Word 2 (ADC1BUF2<31:0>)
15:0 0000
31:16 0000
90A0 | ADC1BUF3 ADC Result Word 3 (ADC1BUF3<31:0>)
15:0 0000
31:16 0000
90B0 | ADC1BUF4 ADC Result Word 4 (ADC1BUF4<31:0>)
15:0 0000
31:16 0000
90CO0 | ADC1BUF5 ADC Result Word 5 (ADC1BUF5<31:0>)
15:0 0000
31:16 0000
90D0 | ADC1BUF6 ADC Result Word 6 (ADC1BUF6<31:0>)
15:0 0000
31:16 0000
90E0 | ADC1BUF7 ADC Result Word 7 (ADC1BUF7<31:0>)
15:0 0000
31:16 0000
90F0 | ADC1BUF8 ADC Result Word 8 (ADC1BUF8<31:0>)
15:0 0000
31:16 0000
9100 | ADC1BUF9 ADC Result Word 9 (ADC1BUF9<31:0>)
15:0 0000
31:16 0000
9110 | ADC1BUFA ADC Result Word A (ADC1BUFA<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 their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more information.
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TABLE 23-1: ADC REGISTER MAP (CONTINUED)
2 Bits
o . e 1]
° 9] ©
gl 25 | & :
Tg ‘;-'3 g z = 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 -
2> m <
£
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: This register has corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of 0x4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers” for more information.
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PIC32MX5XX/6XX/7XX

REGISTER 24-2:

CiCFG: CAN BAUD RATE CONFIGURATION 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 R/W-0 U-0 u-0 u-0 R/W-0 R/W-0 R/W-0
23:16 )
— WAKFIL — — — SEG2PH<2:0>\*
58 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RW-0O | RW-0 | RW-0
' SEG2PHTS® | sAmM®@ SEG1PH<2:0> PRSEG<2:0>
0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RW0O | RW-0 | RW-0
' SIW<1:0>0 BRP<5:0>
Legend: HC = Hardware Clear S = Settable bit
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 31-23
bit 22

bit 21-19
bit 18-16

bit 15

bit 14

bit 13-11

Note 1:

Unimplemented: Read as ‘0’
WAKEFIL: CAN Bus Line Filter Enable bit

1 = Use CAN bus line filter for wake-up
0 = CAN bus line filter is not used for wake-up

Unimplemented: Read as ‘0’
SEG2PH<2:0>: Phase Buffer Segment 2 bits(1:4)
111 = Lengthis 8 x TQ

000 =Lengthis 1 x TQ
SEG2PHTS: Phase Segment 2 Time Select bit(1)

1 = Freely programmable
0 = Maximum of SEG1PH or Information Processing Time, whichever is greater

SAM: Sample of the CAN Bus Line bit®

1 = Bus line is sampled three times at the sample point
0 = Bus line is sampled once at the sample point

SEG1PH<2:0>: Phase Buffer Segment 1 bits(*)
111 = Lengthis 8 x TQ

000 = Lengthis 1 x TQ

SEG2PH < SEG1PH. If SEG2PHTS is clear, SEG2PH will be set automatically.
3 Time bit sampling is not allowed for BRP < 2.

SJW < SEG2PH.

The Time Quanta per bit must be greater than 7 (that is, TQBIT > 7).

Note:

This register can only be modified when the CAN module is in Configuration mode (OPMOD<2:0>
(CiICON<23:21>) = 100) .

DS60001156J-page 248
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PIC32MX5XX/6XX/7XX

REGISTER 25-31: EMAC1IMCFG: ETHERNET CONTROLLER MAC MIl MANAGEMENT

CONFIGURATION 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 uU-0 U-0 U-0 U-0 U-0 U-0 U-0
23:16
158 R/W-0 uU-0 U-0 U-0 U-0 U-0 U-0 U-0
' RESETMGMT — — — — — — —
7:0 u-0 U-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' - - CLKSEL<3:0>M NOPRE | SCANINC
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 RESETMGMT: Test Reset MIl Management bit
1 = Reset the MIl Management module
0 = Normal Operation
bit 14-6 Unimplemented: Read as ‘0’
bit 5-2 CLKSEL<3:0>: MIl Management Clock Select 1 bits(1)
These bits are used by the clock divide logic in creating the MIl Management Clock (MDC), which the IEEE
802.3 Specification defines to be no faster than 2.5 MHz. Some PHYs support clock rates up to 12.5 MHz.
bit 1 NOPRE: Suppress Preamble bit
1 = The MIl Management will perform read/write cycles without the 32-bit preamble field. Some PHYs
support suppressed preamble
0 = Normal read/write cycles are performed
bit O SCANINC: Scan Increment bit
1 =The MIl Management module will perform read cycles across a range of PHYs. The read cycles will start
from address 1 through the value setin EMAC1MADR<PHYADDR>
0 = Continuous reads of the same PHY
Note 1: Table 25-7 provides a description of the clock divider encoding.
Note: Both 16-bit and 32-bit accesses are allowed to these registers (including the SET, CLR and INV registers).

8-bit accesses are not allowed and are ignored by the hardware.

TABLE 25-7:  MIIM CLOCK SELECTION

MIIM Clock Select EMAC1IMCFG<5:2>
SYSCLK divided by 4 000x
SYSCLK divided by 6 0010
SYSCLK divided by 8 0011
SYSCLK divided by 10 0100

SYSCLK divided by 14 0101
SYSCLK divided by 20 0110
SYSCLK divided by 28 0111
SYSCLK divided by 40 1000
Undefined Any other combination
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REGISTER 26-1:

CMxCON: COMPARATOR ‘x’ 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 cpoL® — — — — couT
20 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 hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’

bit 15

bit 14

bit 13

bit 12-9
bit 8

bit 7-6

bit 5

bit 4

bit 3-2
bit 1-0

Note 1:

ON: Comparator ON bit(1)
Clearing this bit does not affect the other bits in this register.

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.

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

CPOL: Comparator Output Inversion bit®

1 = Output is inverted
0 = Output is not inverted

Unimplemented: Read as ‘0’
COUT: Comparator Output bit

1 = Output of the Comparator is a ‘1’
0 = Output of the Comparator is a ‘0’

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

Unimplemented: Read as ‘0’

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 CxIN+ pin

Unimplemented: Read as ‘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 C2IN+ pin for C1 and C1IN+ pin for C2
01 = Comparator inverting input is connected to the C1IN+ pin for C1 and C2IN+ pin for C2
00 = Comparator inverting input is connected to the C1IN- pin for C1 and C2IN- pin for C2

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.

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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27.1 Control Register

TABLE 27-1: COMPARATOR VOLTAGE REFERENCE REGISTER MAP
2 Bits
o - ) %)
- * o =) 2
oo ) g n
Lo | 5E o &
Tg & g 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 17/1 16/0 -
2> ) <
£
31:16 — — — — — — — — — — — — — — — — |oo00
9800 |CVRCON 2 2]
15:0 ON — — — — VREFSEL BGSEL<1:0> — CVROE CVRR CVRSS CVR<3:0> 0100
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note  1:

for more information.
2: These bits are not available on PIC32MX575/675/695/775/795 devices. On these devices, reset value for CVRCON is ‘0000’.

All registers in this table have corresponding CLR, SET and INV registers at their virtual addresses, plus offsets of Ox4, 0x8 and 0xC, respectively. See Section 12.1.1 “CLR, SET and INV Registers”
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REGISTER 29-4:

DEVCFG3: DEVICE CONFIGURATION WORD 3

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
] RIP RIP -1 r-1 r-1 RIP RIP R/P
31:24 'EUBUSONIO | FUSBIDIO — — — FCANIO®D | FETHIO® | FMIEN®)

. r-1 r-1 r-1 r-1 r-1 R/P R/P R/IP
23:16 — — — — — FSRSSEL<2:0>
_ RIP RIP RIP R/IP RIP RIP | R/P | R/P
15:8 USERID<15:8>
' RIP RIP | RIP | R/IP | RIP | RIP | R/P | R/P
70 USERID<7:0>
Legend: r = Reserved bit P = Programmable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown

bit 31

bit 30

bit 29-27
bit 26

bit 25

bit 24

bit 23-19
bit 18-16

bit 15-0

Note 1:
2:

FVBUSONIO: USB VBUSON Selection bit

1 = VBUSON pin is controlled by the USB module
0 = VBUSON pin is controlled by the port function

FUSBIDIO: USB USBID Selection bit

1 = USBID pin is controlled by the USB module
0 = USBID pin is controlled by the port function

Reserved: Write ‘1’
FCANIO: CAN /O Pin Selection bit®

1 = Default CAN /O Pins
0 = Alternate CAN 1/O Pins

FETHIO: Ethernet I/O Pin Selection bit(®

1 = Default Ethernet 1/0 Pins
0 = Alternate Ethernet I/O Pins

FMIIEN: Ethernet MIl Enable bit(@

1 = Mill is enabled
0 = RMIl is enabled

Reserved: Write ‘1’
FSRSSEL<2:0>: SRS Select bits

111 = Assign Interrupt Priority 7 to a shadow register set
110 = Assign Interrupt Priority 6 to a shadow register set

001 = Assign Interrupt Priority 1 to a shadow register set
000 = All interrupt priorities are assigned to a shadow register set

USERID<15:0>: User ID bits
This is a 16-bit value that is user-defined and is readable via ICSP™ and JTAG.

This bit is Reserved and reads ‘1’ on PIC32MX664/675/695 devices.
This bit is Reserved and reads ‘1’ on PIC32MX534/564/575 devices.
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30.0 INSTRUCTION SET

The PIC32MX5XX/6XX/7XX family instruction set
complies with the MIPS32 Release 2 instruction set
architecture. The PIC32 device family does not support
the following features:

e Core Extend instructions

« Coprocessor 1 instructions

« Coprocessor 2 instructions

Note: Refer to “MIPS32® Architecture for
Programmers Volume II: The MIPS32®
Instruction Set” at www.imgtec.com for
more information.
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TABLE 32-17: EXTERNAL CLOCK TIMING REQUIREMENTS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-Temp
P?\:gm' Symbol Characteristics Min. Typical(l) Max. Units Conditions
0S10 |[Fosc External CLKI Frequency DC — 50 MHz |EC (Note 4)
(External clocks only allowed 4 — 50 MHz |ECPLL (Note 3)
in EC and ECPLL modes)
os11 Oscillator Crystal Frequency 3 — 10 MHz |XT (Note 4)
0s12 4 — 10 MHz (XTPLL
(Notes 3,4)
0s13 10 — 25 MHz |HS (Note 4)
0s14 10 — 25 MHz [HSPLL
(Notes 3,4)
0s15 32 32.768 100 kHz |Sosc (Note 4)
0S20 |Tosc |Tosc = 1/Fosc = Tcy@ — — — —  |See parameter
0OS10 for Fosc
value
0S30 |TosL, External Clock In (OSC1) 0.45 x Tosc — — ns |EC (Note 4)
TosH High or Low Time
0S31 |TosR, External Clock In (OSC1) — — 0.05 x Tosc ns |EC (Note 4)
TosF Rise or Fall Time
0S40 |TosT Oscillator Start-up Timer Period — 1024 — Tosc |[(Note 4)
(Only applies to HS, HSPLL,
XT, XTPLL and Sosc Clock
Oscillator modes)
0S41 |TrscMm  |Primary Clock Fail Safe — 2 — ms |(Note 4)
Time-out Period
0S42 |GwMm External Oscillator — 12 — mA/V |VDD = 3.3V,
Transconductance (Primary TA = +25°C
Oscillator only) (Note 4)
Note 1. Datain“Typical” columnis at 3.3V, 25°C unless otherwise stated. Parameters are characterized but are not

tested.

2: Instruction cycle period (Tcy) equals the input oscillator time base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device
executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or
higher than expected current consumption. All devices are tested to operate at “min.” values with an
external clock applied to the OSC1/CLKI pin.

3: PLL input requirements: 4 MHz < FPLLIN <5 MHz (use PLL prescaler to reduce Fosc). This parameter is
characterized, but is only tested at 10 MHz at manufacturing.

4: This parameter is characterized, but not tested in manufacturing.
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FIGURE 32-6:

TIMER1, 2, 3, 4, 5 EXTERNAL CLOCK TIMING CHARACTERISTICS
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Note: Refer to Figure 32-1 for load conditions.

x

TABLE 32-23: TIMER1 EXTERNAL CLOCK TIMING REQUIREMENTS)

AC CHARACTERISTICS

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

-40°C < TA < +85°C for Industrial

-40°C < TA < +105°C for V-Temp

Pell\rlgm. Symbol Characteristics@ Min. Typical | Max. | Units Conditions
TA10 |[TTxH TxCK Synchronous, | [(12.5 ns or 1 TPB)/N] — — ns [Must also meet
High Time |with prescaler +25ns parameter TA15
Asynchronous, 10 — — ns —
with prescaler
TA11l |[TTxL TxCK Synchronous, | [(12.5 ns or 1 TPB)/N] — — ns [Must also meet
Low Time |with prescaler +25ns parameter TA15
Asynchronous, 10 — — ns —
with prescaler
TA15 |[TTXP TxCK Synchronous, [(Greater of 25 ns or — — ns |VDD >2.7V
Input Period |with prescaler 2 TrB)/N] + 30 ns
[(Greater of 25 ns or — — ns |VDD <27V
2 TpB)/N] + 50 ns
Asynchronous, 20 — — ns |VDD > 2.7V
with prescaler (Note 3)
50 — — ns |VDD<2.7V
(Note 3)
0Ss60 |FT1 SOSC1/T1CK Oscillator 32 — 100 | kHz —
Input Frequency Range
(oscillator enabled by setting
TCS bit (TLCON<1>))
TA20 |TckexTMRL |Delay from External TXCK — — 1 TPB —
Clock Edge to Timer
Increment
Note 1: Timerlis a Type A.

2: This parameter is characterized, but not tested in manufacturing.
3: N = Prescale Value (1, 8, 64, 256).
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FIGURE 32-13: SPIx MODULE SLAVE MODE (CKE =1) TIMING CHARACTERISTICS
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Note: Refer to Figure 32-1 for load conditions.

TABLE 32-31: SPIx MODULE SLAVE MODE (CKE = 1) TIMING REQUIREMENTS

Standard Operating Conditions: 2.3V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +105°C for V-Temp
Pz’i\lr(a)\m. Symbol Characteristics® Min. Typical(z) Max. | Units Conditions
SP70 |TscL SCKx Input Low Time® Tsck/2 — — ns —
SP71 |TscH SCKx Input High Time®) Tsck/2 — — ns —
SP72 |TscF SCKXx Input Fall Time — 5 10 ns —
SP73 |TscR SCKXx Input Rise Time — 5 10 ns —
SP30 |ToboF SDOx Data Output Fall Time® — — — ns |See parameter DO32
SP31 |TpoR SDOx Data Output Rise Time®) — — — ns |See parameter DO31
SP35 |TscH2DpoV, |SDOx Data Output Valid after — — 20 ns |VDD > 2.7V
TscL2poV |SCKx Edge . . 30 ns VDD < 2.7V
SP40 |TpIV2scH, |Setup Time of SDIx Data Input 10 — — ns —
TpIV2scL |[to SCKx Edge
SP41 |TscH2pIL, |Hold Time of SDIx Data Input 10 — — ns —
TscL2DpIL [to SCKx Edge
SP50 |TssL2scH, |SSx 4 to SCKx 4 or SCKx T Input| 175 — — ns —
TssL2scL
Note 1: These parameters are characterized, but not tested in manufacturing.
2: Datain “Typical” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
3:  The minimum clock period for SCKx is 40 ns.
4: Assumes 50 pF load on all SPIx pins.
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34.2 Package Details

The following sections give the technical details of the packages.
64-Lead Plastic Thin Quad Flatpack (PT)-10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing C04-085C Sheet 1 of 2
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64-Lead Plastic Thin Quad Flatpack (PT)-10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

SECTION A-A E —

|
DETAIL 1
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Number of Leads N 64

Lead Pitch e 0.50 BSC

Overall Height A - - 1.20

Molded Package Thickness A2 0.95 1.00 1.05

Standoff A1 0.05 - 0.15

Foot Length L 0.45 0.60 0.75

Footprint L1 1.00 REF

Foot Angle ¢ 0° | 35 | 7°

Overall Width E 12.00 BSC

Overall Length D 12.00 BSC

Molded Package Width E1 10.00 BSC

Molded Package Length D1 10.00 BSC

Lead Thickness C 0.09 - 0.20

Lead Width b 0.17 0.22 0.27

Mold Draft Angle Top o 11° 12° 13°
Notes: Mold Draft Angle Bottom B 11° 12° 13°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.25mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits]  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 1.50
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2085B

© 2009-2016 Microchip Technology Inc. DS60001156J-page 405



