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MICROCHIP

PIC32MX3XX/4XX

High-Performance 80 MHz M| PS-Based 32-bit Flash Microcontroller
64/100-Pin General Purpose and USB

High-Performance 32-bit RISC CPU:

+ MIPS32® M4K™ 32-hit Core with 5-Stage Pipeline
* 80 MHz Maximum Frequency

* 1.56 DMIPS/MHz (Dhrystone 2.1) Performance
at 0 Wait State Flash Access

* Single-Cycle Multiply and High-Performance
Divide Unit

e MIPS16e™ Mode for Up to 40% Smaller Code
Size

» User and Kernel Modes to Enable Robust
Embedded System

« Two Sets of 32 Core Register Files (32-bit) to
Reduce Interrupt Latency

» Prefetch Cache Module to Speed Execution from
Flash

Microcontroller Features:

« Operating Voltage Range of 2.3V to 3.6V

» 32K to 512K Flash Memory (plus an additional
12KB of Boot Flash)

* 8K to 32K SRAM Memory
« Pin-Compatible with Most PIC24/dsPIC® Devices
* Multiple Power Management Modes

» Multiple Interrupt Vectors with Individually
Programmable Priority

» Fail-Safe Clock Monitor Mode

» Configurable Watchdog Timer with On-Chip
Low-Power RC Oscillator for Reliable Operation

Peripheral Features:

« Atomic SET, CLEAR and INVERT Operation on
Select Peripheral Registers

» Up to 4-Channel Hardware DMA Controller with
Automatic Data Size Detection

* USB 2.0 Compliant Full Speed Device and
On-The-Go (OTG) Controller

* USB has a Dedicated DMA Channel
* 10 MHz to 40 MHz Crystal Oscillator
* Internal 8 MHz and 32 kHz Oscillators

» Separate PLLs for CPU and USB Clocks
« Two I’C™ Modules
* Two UART Modules with:

- RS-232, RS-485 and LIN 1.2 support

- IrDA® with On-Chip Hardware Encoder and
Decoder

« Parallel Master and Slave Port (PMP/PSP) with
8-bit and 16-bit Data and Up to 16 Address Lines

« Hardware Real-Time Clock/Calendar (RTCC)

* Five 16-bit Timers/Counters (two 16-bit pairs com-
bine to create two 32-bit timers)

* Five Capture Inputs
» Five Compare/PWM Outputs
» Five External Interrupt Pins

» High-Speed I/O Pins Capable of Toggling at Up to
80 MHz

« High-Current Sink/Source (18 mA/18 mA) on
All'l/O Pins

» Configurable Open-Drain Output on Digital I/O
Pins

Debug Features:

» Two Programming and Debugging Interfaces:

- 2-Wire Interface with Unintrusive Access and
Real-time Data Exchange with Application

- 4-wire MIPS Standard Enhanced JTAG
interface

* Unintrusive Hardware-Based Instruction Trace

« |IEEE Std 1149.2 Compatible (JTAG) Boundary
Scan

Analog Features:

» Up to 16-Channel 10-bit Analog-to-Digital
Converter:

- 500 ksps Conversion Rate

- Conversion Available During Sleep, Idle
» Two Analog Comparators
» 5.5V Tolerant Input Pins (digital pins only)

© 2008 Microchip Technology Inc.
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PIC32MX3XX/4XX

FIGURE 1: PIC32MX3XX/4XX PACKAGE OUTLINE DRAWING
TQFP 64-Pin
10 x 10 mm
TQFP 100-Pin
12 x 12 mm
TABLE 2: PIC32MX3XX/4XX GENERAL PURPOSE — FEATURES
General Purpose
L 0
g2 Sl a
Program/Data Timers/ ES| O © EUART/ 10-bit T g o
Device Pins | MHz |  Memory Capture/ §5| & @ SPU | A7 (chy 8| g |
(KB) Compare S5< |~ | T j2cm™ E| = |7
o= 8| %
oo
PIC32MX320F032H | 64 40 32/8 5/5/5 0 Yes | No 21212 16 2 |Yes| Yes
PIC32MX320F064H | 64 80 64/16 5/5/5 0 Yes | No 21212 16 2 |Yes | Yes
PIC32MX320F128H | 64 80 128/16 5/5/5 0 Yes | No 21212 16 2 |Yes|Yes
PIC32MX340F128H | 64 80 128/32 5/5/5 0 Yes | No 21212 16 2 | Yes | Yes
PIC32MX340F256H | 64 80 256/32 5/5/5 4 Yes | No 21212 16 2 |Yes | Yes
PIC32MX340F512H | 64 80 512/32 5/5/5 4 Yes | No 21212 16 2 |Yes|Yes
PIC32MX320F128L | 100 80 128/16 5/5/5 0 Yes | No 21212 16 2 |Yes | Yes
PIC32MX340F128L | 100 80 128/32 5/5/5 4 Yes | No 21212 16 2 |Yes | Yes
PIC32MX360F256L | 100 | 80 256/32 5/5/5 4 Yes | Yes 2/2/2 16 2 | Yes | Yes
PIC32MX360F512L | 100 80 512/32 5/5/5 4 Yes | Yes 21212 16 2 | Yes | Yes
TABLE 3: PIC32MX3XX/4XX USB — FEATURES
USB
L 0 (%]
52|82 1R
Program/Data | Timers/ ES|TS| O o | EUART/ 10-bit % )
Device Pins |MHz |  Memory Capture/ | E5 | 25 | & 8 | SPU A/D (ch) s |z | &
(KB) Compare | ;¢ | S| = | £ | 1Pc™ E| ="
°s| 8= 8| %
aono|oa
PIC32MX420F032H | 64 80 32/8 5/5/5 0 2 Yes | No 2/1/2 16 2 | Yes | Yes
PIC32MX440F128H | 64 80 128/32 5/5/5 4 2 Yes | No 21212 16 2 |Yes| Yes
PIC32MX440F256H | 64 80 256/32 5/5/5 4 2 Yes | No | 2/1/2 16 2 | Yes | Yes
PIC32MX440F512H | 64 80 512/32 5/5/5 4 2 Yes | No 2/1/2 16 2 | Yes | Yes
PIC32MX440F128L | 100 80 128/32 5/5/5 4 2 Yes | No 21212 16 2 | Yes | Yes
PIC32MX460F256L | 100 80 256/32 5/5/5 4 2 Yes | Yes | 2/2/2 16 2 | Yes| Yes
PIC32MX460F512L | 100 | 80 512/32 5/5/5 4 2 Yes | Yes | 2/2/2 16 2 | Yes|Yes
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PIC32MX3XX/4XX

Pin Diagram (64-Pin General Purpose)

64-Pin TQFP (General Purpose)

PMD5/RE5 [

PMD6/RE6 [

PMD7/RE7 [_|

PMA5/SCK2/CN8/RG6 [_|
PMA4/SDI2/CN9/RG7 [_|
PMA3/SDO2/CN10/RG8 [ |

MCLR []

PMA2/SS2/CN11/RG9 [

Vss [|

VoD[_|

C1IN+/AN5/CN7/RB5[ ]
C1IN-/AN4/CN6/RB4[ |
C2IN+/AN3/CN5/RB3[ |
C2IN-/AN2/SS1/CN4/RB2[ ]
PGC1/EMUC1/AN1/VREF-/CVREF-/CN3/RB1[ |
PGD1/EMUD1/PMAG/ANO/VREF+/CVREF+CN2/RBO[ |

PMWR/OC5/IC5/CN13/RD4

PMD4/RE4
PMD3/RE3
PMD2/RE2
PMD1/RE1
PMDO/REO
\VVCAP/VDDCORE
CN16/RD7
PMRD/CN14/RD5
OC4/RD3
OC3/RD2
OC2/RD1

RF1

RFO
ENVREG

CN15/RD6

1
6
3
2
1
9

(@)
64
3
2
6
60
59
58
57
5
55
54
5
5
5
50
Pt

PIC32MX3XXH

© 00 N O~ WN B

[ 1 SOSCO/T1CK/CNO/RC14

[ 1 SOSCI/CN1/RC13

1 OC1/RDO

1 IC4/IPMCS1/PMA14/INT4/RD11
1 IC3/PMCS2/PMA15/INT3/RD10
1 IC2/UICTS/INT2/RD9

1 ICL/RTCC/INT1/RD8

1 Vss

1 OSC2/CLKO/RC15

1 OSC1/CLKI/RC12

1 VoD

1 SCL1/RG2

1 SDAL/RG3

1 UIRTS/BCLK1/SCK1/INTO/RF6
1 UIRX/SDIL/RF2

1 UITX/SDO1/RF3

Avpp |19

AVss 20

Vss |25

VDD 26
TCK/PMA11/AN12/RB12 27

PGD2/EMUD2/AN7/RB7 |18
U2CTS/CLOUT/ANS/RBS []21

TDI/PMA10/AN13/RB13 28

PMA7/C20UT/AN9/RB9 22
PMALH/PMA1/U2RTS/BCLK2/AN14/RB14 29

TMS/CVREFOUT/PMA13/AN10/RB10 []23
TDO/PMA12/AN11/RB11 24

PGC2/EMUC2/AN6/OCFA/RB6 |17
PMA9/U2RX/SDA2/CN17/RF4 31
PMAB8/U2TX/SCL2/CN18/RF5 32

PMALL/PMAO/AN15/0CFB/CN12/RB15 30

© 2008 Microchip Technology Inc.
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PIC32MX3XX/4XX

Pin Diagram (100-Pin General Purpose)

100-Pin TQFP (General Purpose)

TQy/200 ]
2ay/e00 ]
€Qd/¥00 [
2Ta¥/SO1/2TANd [
€TAY/6TND/ETAN [
YAQH/ETND/SOO/IMIND [
SAY/ATND/QYNC
9Qd/STNO/YTANd [
LQY/9TND/STANG ]
JHOOAAA/dVOA []
O3JANT [
044/TTANd
T44/0TANd [
TOd/6ANd ]
094d/8ANd ]
OVIMTOHL
Lvd/eadl ]
03d/0aNd ]
T34/TANd ]
¥19d/eadl ]
¢1od/1adl
€19d/0ad.l ]
¢3d/edNd [
€34/€ANd [
Y3d/YANd ]

~
75 [J vss

C4/PMCS1/PMA14/RD11

C3/PMCS2/PMA15/RD10

C2/RD9

C1/RTCC/RD8
NT4/RA15
NT3/RA14

9L
LL
8L
6.
08
18
8
€8
¥8
a8
98
18
88
68
06
16
26
€6
6
S6

74 [[] SOSCO/T1CK/CNO/RC14
73 [ ] SOSCI/CN1/RC13
72 [J OC1/RDO

71 [
70 [
69 [
68 [
67 [
66 [

65 [ Vss

64 [ ] OSC2/CLKO/RC15
63 [[] OSC1/CLKI/RC12

62 [ 1 Vbp

PIC32MX3XXL

61 |1 TDO/RA5
60 [1 TDI/RA4

59 [] SDA2/RA3
58 [ ] SCL2/RA2
57 [ SCL1/RG2
56 [ ] SDA1/RG3

55 [ 1 SCKL/INTO/RF6

54 [] SDI1/RF7
53 [[] SDO1/RF8
52 [[] ULRX/RF2
51 [] ULTX/RF3

Vob [ 2

RG15[]1
PMD5/RE5 [ 3

PMD6/RE6 [| 4

PMD7/RE7 [ 5

T2CK/RC1[] 6
T3CK/RC2 ] 7
T4CK/RC3[] 8
T5CK/RC4 ] 9

PMA5/SCK2/CN8/RG6 [] 10

PMA4/SDI2/CN9/RG7 [] 11
PMA3/SDO2/CN10/RG8 [] 12

MCLR [ 13

PMA2/SS2/CN11/RG9Y [] 14

Vss[] 15
Vob [ 16

TMS/RAO [ 17

INTL/RES [] 18

INT2/RE9 [ 19

C1IN+/ANS/CN7/RB5 [ 29

C1IN-/AN4/CN6/RB4 [ 21
C2IN+/AN3/CN5/RB3 [] 22

C2IN-/AN2/SST/CN4/RB2 [ 23
PGC1/EMUCL/AN1/CN3/RB1 [ 24

PGD1/EMUD1/ANO/CN2/RBO [ 25

Uiy

S4d/8TNO/X1eN/8VINd
Y4d/LTNO/Xd2ZN/6VINd
STAY/TZNO/THTIOG/SLETN
¥1Ad/SLOTN/0CND

aan

SSA
ST9d/¢TNO/9d400/STNV/OVING/TIVIND
YT9d/VINV/TVINd/HTVING
E€TQY/ETNV/0TVING
¢TaA/CTNV/TIVIND
¢T4d/S10¢Nn
€T4d/eXT109/S1deNn
TVdaMOL

aan

SSA

TTGY/TINV/CTVING
0TEY/0TNV/ETVING/LNO3EAD
694/6NV/LNOCO
8dd/8NV/LNOTO

SSAV

aany
0TVYH/+439AD/+439N/9VINd
6Vd/-439ND/-438N/LVING
L94/.NV/cANN3/2aod
994/v4D0/9NV/ZONNT/2DOd

© 2008 Microchip Technology Inc.
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PIC32MX3XX/4XX

Pin Diagram (64-Pin USB)

64-Pin TQFP (USB)

PMD5/RE5
PMD6/RE6

PMD7/RE7

PMAS5/SCK2/CN8/RG6

PMA4/SDI2/CNO/RG7

PMA3/SDO2/CN10/RG8

MCLR

PMA2/SS2/CN11/RG9

Vss
VDD
VBUSON/C1IN+/AN5/CN7/RB5
C1IN-/AN4/CN6/RB4
C2IN+/AN3/CN5/RB3
C2IN-/AN2/CN4/RB2
PGC1/EMUC1/AN1/VREF-/CVREF-/CN3/RB1
PGD1/EMUD1/PMA6/ANO/VREF+/CVREF+CN2/RBO

9
64 1 PMD4/RE4

© 00 N g~ WN PR

R N e
oM wWNPRO

53 PMRD/CN14/RD5

63 1 PMD3/RE3

62 [ 1 PMD2/RE2

61 1 PMD1/RE1

60 ] PMDO/REO

59 [ 1RF1

56 |1 VCAP/VDDCORE
55 ] CN16/RD7

54 ] CN15/RD6

57 [ ENVREG

58 1 RFO

PIC32MX4XXH

52 PMWR/OC5/IC5/CN13/RD4

51 OC4/U1TX/RD3

50 OC3/U1RX/RD2

49 OC2/U1RTS/BCLK1/RD1

W W W wWwbh MDD DN ANDDDA
D N0 O O R NWDAOIODOO N

[_] SOSCO/T1CK/CNO/RC14

] SOSCI/CN1/RC13

1 OC1/INTO/RDO

[ ] IC4/PMCS1/PMA14/INT4/RD11
] IC3/PMCS2/PMA15/INT3/SCL1/RD10
] IC2/ULCTS//INT2/SDA1/RD9
1 ICI/RTCC/INT1/RD8

1 Vss

[ ] OSC2/CLKO/RC15

1 OSC1/CLKI/RC12

1 VoD

1 D+/RG2

[ D-/RG3

] VUSB

[ VvBUS

1 USBID/RF3

AVDD 19

Avss []20

Vss |25

Vop [ |26
TCK/PMA11/AN12/RB12 27

PGD2/EMUD2/AN7/RB7 18
U2CTS/C1OUT/ANS/RB8 |21
PMA7/C20UT/AN9/RB9 22

TMS/CVReEFOUT/PMA13/AN10/RB10 23
TDI/PMA10/AN13/RB13 28

TDO/PMA12/AN11/RB11 24
PMALH/PMA1/U2RTS/BCLK2/AN14/RB14 29

PGC2/EMUC2/AN6/OCFA/RB6 17

PMALL/PMAO/AN15/0CFB/CN12/RB15 30

PMA9/U2RX/SDA2/CN17/RF4 31

PMA8/U2TX/SCL2/CN18/RF5 32 0 © W
W K O
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100-Pin TQFP (USB)

PIC32MX3XX/4XX

Pin Diagram (100-Pin USB)

TAy¥/200
2Qay/e00 [
€Qy/¥00 ]
21ayd/SOI/ZTANd [
€TAY/6TND/ETAN [
YAQH/ETND/SOO/MIN [
SAY/YTND/QHNd [
9Qd/STND/YTAN [
LQY/9TND/STAN [
JHODAAN/dVOA []
O3YANT [
044/TTANd
T44/0TANd ]
TOd/6ANd ]
09d/8AINd [
VIMTOHL [
Lvd/eadl
034/0ANd ]
T34/TANd ]
¥19d/2eadl ]
¢Tod/Tadl
€19d/0ad1 ]
¢3d/ediNd ]
€34/edNd ]
¥34/yANd ]

~

o
-
e
S 919
O o
g &=
S < o 0
zZoEazx =N
— < N n <
SoRs9 0 g mm
KRNPC [a] < =
3552325 ¢ oS o
EZo9sSEQoEl X% o _ 29 PRL
OVOthWlCWW 00 <3IcaryNam xxel
O0IgRPRESS 89 £3Ix90muxxS
3802838833083 888383%82585
n w T
S00nllLLLEA>S00>SFFOAOOAOSS>DDD
OA0O0000000000000000000000101
LT ONAODDOMN OO TONHON-HOODDWN O S MOAN o J
WM 6
s/ 8y
6. Ly
08 14
18 14
€8 ey
8 — [44
Lt} M v
98 (04
<
18 = 6
88 m 8¢
68 P> L€
06 8] 9
16 M Ge
6 e
mm ze
96 1€
hs o€
o6 62
6 8z
00T mw
0w« SdY9INYEEI3IINTIR

Vss
VDD

TMS/RAO
INT1/RE8
INT2/RE9

VDD
VBUSON/C1IN+/AN5/CN7/RB5

PMD5/RE5
PMD6/RE6
PMD7/RE7

RG15

T4CK/RC3
SDI1/T5CK/RC4
MCLR
PMA2/SS2/CN11/RG9

T3CK/RC2
PMAS5/SCK2/CN8/RG6

T2CK/RC1

C1IN-/AN4/CN6/RB4

C2IN+/AN3/CN5/RB3
C2IN-/AN2/CN4/RB2

PGC1/EMUC1/AN1/CN3/RB1

PMA4/SDI2/CN9/RG7
PGD1/EMUD1/ANO/CN2/RBO

PMA3/SDO2/CN10/RG8

[ 1 S4d/8TNO/X1eN/8VINd

[1 ¥4d/LTNO/XHeN/6VINd

[ STAY/TZND/TMTD9/SLHETN
1 ¥TAY/SLOTN/0ZND

[ aaA

[ SSA

[] STAY/ZTND/9400/STNV/0VING/TIVINC
[ YTAA/PTINV/TVIND/HTIVIND
E€TIA/ETNV/0TVINd
CTAY/CINV/TIVING
¢144/S10¢n
€144/eX104d/s1den
TVH/MOL

aan

SSA

TIGY/TINV/CTVIND
0TEY/0TNV/ETVING/LNOHIIND
69d/6NV/LNOCO
8dd/8NV/LNOTO

SSAVY

aanvy
0TVH/+43FIND/+4FAN/9VIND
6VY/-434ND/-4FEN/LVIND
Ldd//NV/cANINE/cdOd
9dd/v4O0/9NV/ZONINT/20Dd

ubbiiogubouooudn
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PIC32MX3XX/4XX
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

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

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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MICROCHIP

PIC32MX3XX/4XX

64/100-Pin General Purpose and USB,
32-bit Flash Microcontrollers

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:
+ PIC32MX320F032H
¢ PIC32MX320F064H
¢ PIC32MX320F128H
¢ PIC32MX320F128L
¢ PIC32MX340F128H
* PIC32MX340F128L
¢ PIC32MX340F256H
¢ PIC32MX340F512H
¢ PIC32MX360F256L
¢ PIC32MX360F512L
» PIC32MX420F032H
¢ PIC32MX440F256H
¢ PIC32MX440F128H
¢ PIC32MX440F128L
¢ PIC32MX440F512H
¢ PIC32MX460F256L
¢ PIC32MX460F512L
This family introduces a new line of Microchip devices:
a 32-bit RISC microcontroller family with a broad
peripheral feature set and enhanced computational
performance. The PIC32MX3XX/4XX family offers a

new migration option for those high-performance appli-
cations which may be outgrowing their 16-bit platforms.

1.1 Easy Migration

The PIC32MX family of microcontrollers was designed
to provide an easy migration path as the application
needs change.

The consistent pinout scheme used throughout the
entire family aids in migrating to the next larger device.
This is true when moving between devices with the
same pin count, or even jumping from 64-pin to 100-pin
devices.

The PIC32MX family is pin and peripheral compatible
with Microchip PIC24FJ128GA010 devices.

1.2 Core Features

121 32-BIT RISC ARCHITECTURE

Central to all PIC32MX3XX/4XX devices is the 32-bit
MIPS32 M4K CPU core, offering a wide range of
features, including the following:

* Upto 1.56 DMIPS/MHz

» 32-bit Address and Data paths

» 32-bit Linear (program space) addressing

* (2) thirty-two element 32-bit core register files

* Single-cycle multiply and high-performance divide
unit for 32-bit integer math

» 16 and 32-bit instructions, optimized for
high-level languages, such as ‘C'.

1.3 Power-Saving Technology

All of the devices in the PIC32MX family incorporate a
range of features that can significantly reduce power
consumption during operation. Key features include:

* On-the-Fly Clock Switching: The device clock
can be changed under software control to any of
the four clock sources during operation.

 Instruction-Based Power-Saving Modes: The
microcontroller can suspend all operations, or
selectively shut down its core while leaving its
peripherals active, with a single instruction in
software.

1.4 Communications

The PIC32MX incorporates a range of serial communi-
cation peripherals to handle a range of application
requirements. All devices are equipped with two inde-
pendent UARTs with built-in IrDA encoder/decoders.
There are also two independent SPI modules, and two
independent 12C modules that support both Master and
Slave modes of operation.

15 10-bit A/D Converter

The A/D Converter features 500 ksps maximum sample
rate. This configurable module incorporates a user-
selectable scan list and auto-convert functions to allow
acquisitions without processor intervention. Multiple A/D
trigger sources are user-selectable: timer event, external
pin, manual and auto-convert.

© 2008 Microchip Technology Inc.
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1.6 External Interface

A Parallel Master Port Parallel Slave Port enables 8/16-
bit parallel data communications in Master mode with
up to 16 address lines; 8-bit Slave modes are also
supported.

1.7 Real-Time Clock/Calendar

This module implements a full-featured clock and
calendar with alarm functions in hardware, freeing up
timer resources and program memory space for use of
the core application.

1.8 Oscillator Options and Features

All of the devices in the PIC32MX family offer four
different oscillator options, allowing users a range of
choices in developing application hardware. These
include:

« A Primary Oscillator (POSC) with two External
Crystal modes using crystals or ceramic
resonators.

» Two External Clock modes with selectable
peripheral bus clock output.

» A Fast Internal Oscillator (FRC) with a nominal
8 MHz output.

» On-board postscalers and/or PLL to provide clock
speeds ranging from 31 kHz to maximum
specified frequency.

« A Secondary Oscillator (SOSC) designed to
operate with an external 32.768 kHz crystal. This
oscillator can also be used with Timerl and the
integrated RTCC.

* An Internal Low-Power RC oscillator (LPRC)
having a fixed 31 kHz output, which provides a
low-power option for timing-insensitive
applications.

The oscillator block also provides a stable reference
source for the user-controlled Fail-Safe Clock Monitor.
This option constantly monitors the main clock source
against a reference signal provided by the internal
oscillator and enables the controller to switch to the
internal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

DS61143D-page 10 Preliminary
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1.9 Device Features, Block Diagrams
and Pinout Tables

TABLE 1-1: DEVICE FEATURES, BLOCK DIAGRAMS AND PINOUT TABLES

I I I I . . —
AN <t [ee] [(e} [e0] O N
™ © N Te) N Lo —
o o - N — N Lo
LL LL LL LL LL LL LL
o o o o o o o
5 S S 3 S 8 3
Features 2 2 2 ¥ Q 2 2
= = = = = = =
AN AN N N AN AN AN
o™ o™ ™ [42] [92] ™ ™
O O S} $ O O O
o o a a o o o
Operating Frequency DC - 40 MHz DC - 80 MHz
Program Memory (Bytes) 32K 64K 128K 256K 128K 256K 512K
Data Memory (Bytes) 8K 16K 16K 32K 16K 32K 32K
Interrupt Sources/Vectors 95/63
1/0 Ports PortsB,C,D,E,F, G Ports A,B,C,D,E, F G
Total I/O Pins 53 85
DMA Channels 0 4 0 4
Timers:
Total number (16-bit) 5
32-bit (paired 16-bit) 2
32-bit core timer 1
Input Capture Channels 5
Output Compare/PWM 5
Channels
Input Change Interrupt 19 22
Notification
Serial Communications:
Enhanced UART 2
SPI (3-wire/4-wire) 2
12cm™ 2
Parallel Communications Yes, 8-bit only Yes, 8-bit/16-bit
(PMP/PSP)
JTAG Boundary Scan Yes
JTAG Debug and Program Yes
ICSP™ 2-Wire Debug and Yes
Program
Instruction Trace No Yes
Hardware Break Points 6 Instruction, 2 Data
10-bit Analog-to-Digital 16
Module (input channels)
Analog Comparators 2
Internal LDO Yes
Resets (and delays) POR, BOR, MCLR, WDT, SWR (Software Reset), CM (Configuration Bit Mismatch)
(PWRT, OST, PLL Lock)
Instruction Support MIPS32® Enhanced Architecture (Release 2)
MIPS16e™ Code Compression
Packages 64-pin TQFP | 100-pin TQFP
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TABLE 1-2: DEVICE FEATURES FOR THE PIC32MX3XXFXXX GENERAL PURPOSE FAMILY
I I -
(o0}
N — N
i Lo i
LL LL LL
o o o
3 3 3
Features ¥ ¥, 2
= = >
N N A
™ ™ ™
O O O
o o o
Operating Frequency DC - 80 MHz
Program Memory (Bytes) 128K 512K 128K
Data Memory (Bytes) 32K 32K 32K
Interrupt Sources/Vectors 95/63
1/0 Ports Ports B,C,D,E,F, G PortsA,B,C,D,E,F G
Total I/0O Pins 53 85
DMA Channels 4
Timers:
Total number (16-bit) 5
32-bit (paired 16-bit) 2
32-bit core timer 1
Input Capture Channels 5
Output Compare/PWM Channels 5
Input Change Interrupt Notification 19 22
Serial Communications:
Enhanced UART 2
SPI (3-wire/4-wire) 2
12cm™ 2
Parallel Communications (PMP/PSP) Yes, 8-bit only Yes, 8-bit/16-bit
JTAG Boundary Scan Yes
JTAG Debug and Program Yes
ICSP™ 2-Wire Debug and Program Yes
Instruction Trace No
Hardware Break Points 6 Instruction, 2 Data
10-bit Analog-to-Digital Module (input 16
channels)
Analog Comparators 2
Internal LDO Yes

Resets (and delays)

POR, BOR, MCLR, WDT, SWR (Software Reset), CM (Configuration Bit

Mismatch)
(PWRT, OST, PLL Lock)

Instruction Support

MIPS32® Enhanced Architecture (Release 2)
MIPS16e™ Code Compression

Packages

64-pin TQFP | 100-pin TQFP

DS61143D-page 12

Preliminary © 2008 Microchip Technology Inc.




PIC32MX3XX/4XX

TABLE 1-3: DEVICE FEATURES FOR THE PIC32MX4XXFXXX USB FAMILY
I I I I — — —
N (o0} © N © (o] N
™ N Lo — N Te) —
o i N Lo — N Ln
LL LL LL LL LL LL LL
S g S g g g g
Features N N N N N N N
= = = = = = =
AN A AN Al A N N
™ o™ ™ ™ o™ ™ ™
S} O O O 8] O $
a o o o a a a
Operating Frequency DC -40 DC - 80 MHz
MHz
Program Memory (Bytes) 32K 128K 256K 512K 128K 256K 512K
Data Memory (Bytes) 8K 32K 32K 32K 32K 32K 32K
Interrupt Sources / Vectors 95/63
1/0 Ports PortsB,C,D, E,F, G PortsA,B,C,D,E,F G
Total I/O Pins 51 83
DMA Channels 0+2USB 4+2USB
Timers:
Total number (16-bit) 5
32-bit (from paired 16-bit 2
timers)
32-bit Core Timer 1
Input Capture Channels 5
Output Compare/PWM 5
Channels
Input Change Interrupt 19 22
Notification
Serial Communications:
Enhanced UART 2
SPI (3-wire/4-wire) 1 2
12c 2
Parallel Communications Yes, 8-bit only Yes, 8-bit/16-bit
(PMP/PSP)
JTAG Boundary Scan Yes
JTAG Debug and Program Yes
ICSP 2-wire Debug and Yes
Program
Instruction Trace No Yes
Hardware Break Points: 6 Instruction, 2 Data
10-bit Analog-to-Digital 16
Module (input channels)
Analog Comparators 2
Internal LDO Yes

Resets (and Delays)

POR, BOR, MCLR, WDT, SWR (Software Reset), CM (Configuration Bit Mismatch)
(PWRT, OST, PLL Lock)

Instruction Support

MIPS32 Enhanced Architecture (Release 2)
MIPS16e™ Code Compression

Packages

100-pin TQFP

64-pin TQFP \

© 2008 Microchip Technology Inc.
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FIGURE 1-1: PIC32MX3XX BLOCK DIAGRAM (GENERAL PURPOSE)
0SC2/CLKO VDDCORE/VCAP
<+—> OSC/SOSC
OSC1/CLKI X Oscillators % quwer-up —X] vob,Vss
imer
s ENVREG I Oscillator Xl MCLR
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S || Ress
Reference
Watchdog
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Timing » SYSCLK Brown-out
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BSCAN Controller
H PWM
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e}
Q
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<[]

128-bit Wide
S

Flash
Controller

PORTG® <4 Program Flash Memory

Peripheral Bus Clocked by PBCLK

T T T

Tlmerl T|mer2 T|mer3 T|mer4 Timer5 RTCC 10 bit ADC‘

Note 1: Notall pins or features are implemented on all device pinout configurations. See Table 1-4 for I/O port pin descriptions.
2: Some features are not available on certain devices.
3: BOR functionality is provided when the on-board voltage regulator is enabled.
4: PORTA is not present on 64-pin devices
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FIGURE 1-2:

PIC32MX4XX BLOCK DIAGRAM (USB)
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Note 1:

2: Some features are not available on certain device variants.
BOR functionality is provided when the on-board voltage regulator is enabled.
PORTA is not present on 64 pin devices

Not all pins or features are implemented on all device pinout configurations. See Table 1-5 for I/O port pin descriptions.
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TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE
Function Pl_n Number - 1/0 érzﬁ;gr Description
64-pin 100-pin
ANO 16 25 | ANA | A/D Analog Inputs
AN1 15 24 | ANA
AN2 14 23 | ANA
AN3 13 22 | ANA
AN4 12 21 | ANA
AN5 11 20 | ANA
ANG6 17 26 | ANA
AN7 18 27 | ANA
AN8 21 32 | ANA
AN9 22 33 | ANA
AN10 23 34 | ANA
AN11 24 35 | ANA
AN12 27 41 | ANA
AN13 28 42 | ANA
AN14 29 43 | ANA
AN15 30 44 | ANA
AVDD 19 30 P — Positive Supply for Analog Modules
AVss 20 31 P — Ground Reference for Analog Modules
BCLK1 35 48 (e} — UART1 IrDA® Baud Clock
BCLK2 29 39 ) — UART2 IrDA Baud Clock
C1IN- 12 21 | ANA Comparator 1 Negative Input
C1IN+ 11 20 | ANA Comparator 1 Positive Input
CiouT 21 32 (6] — Comparator 1 Output
C2IN- 14 23 | ANA Comparator 2 Negative Input
C2IN+ 13 22 | ANA Comparator 2 Positive Input
C20uUT 22 33 (0] — Comparator 2 Output
CLKI 39 63 | ANA Main Clock Input Connection
CLKO 40 64 (0] — System Clock Output
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

12C™ = [2C/SMBus input buffer

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)
Function Pl_n Number - 1/0 ér:;]:::r Description
64-pin 100-pin
CNO 48 74 | ST Interrupt-on-Change Inputs
CN1 47 73 | ST
CN2 16 25 | ST
CN3 15 24 | ST
CN4 14 23 | ST
CN5 13 22 | ST
CN6 12 21 | ST
CN7 11 20 | ST
CN8 10 | ST
CN9 11 | ST
CN10 12 | ST
CN11 14 | ST
CN12 30 44 | ST
CN13 52 81 | ST
CN14 53 82 | ST
CN15 54 83 | ST
CN16 55 84 | ST
CN17 31 49 | ST
CN18 32 50 | ST Interrupt-on-Change Inputs
CN19 — 80 | ST
CN20 — 47 | ST
CN21 — 48 | ST
CVREF- 15 28 | ANA Comparator Reference Voltage (Low) Input
CVREF+ 16 29 | ANA Comparator Reference Voltage (High) Input
CVREFOUT 23 34 O ANA Comparator Voltage Reference Output
EMUC1 15 24 1/0 ST In-Circuit Emulator Clock Input/Output
EMUD1 16 25 /0 ST In-Circuit Emulator Data Input/Output
EMUC2 17 26 1/0 ST In-Circuit Emulator Clock Input/Output
EMUD2 18 27 1/0 ST In-Circuit Emulator Data Input/Output
ENVREG 57 86 | ST Enable for On-Chip Voltage Regulator
IC1 42 68 | ST Input Capture Inputs
IC2 43 69 | ST
IC3 44 70 | ST
IC4 45 71 | ST
IC5 52 79 | ST
INTO 35 55 | ST External Interrupt Inputs
INT1 42 18 | ST
INT2 43 19 | ST
INT3 44 66 | ST
INT4 45 67 | ST
MCLR 7 13 | ST Master Clear (Device Reset) Input. Bring this line low to cause a
Reset.

Legend:  TTL = TTL input buffer
ANA = Analog level input/output

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

ST = Schmitt Trigger input buffer
12c™ = |2C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)

Function Pl_n Number - 1/0 ér:;]:::r Description
64-pin 100-pin
oc1 46 72 O — Output Compare/PWM Outputs
0ocC2 49 76 ) —
0oC3 50 77 ) —
OC4 51 78 ) —
0OC5 52 81 (0] —
OCFA 17 26 | ST Output Compare Fault A Input
OCFB 30 44 | ST Output Compare Fault B Input
0oscC1 39 63 | ANA Main Oscillator Input Connection
0osc2 40 64 O ANA Main Oscillator Output Connection.
PGC1 15 24 I/0 ST In-Circuit Debugger and ICSP™ Programming Clock
PGD1 16 25 110 ST In-Circuit Debugger and ICSP Programming Data
PGC2 17 26 lfe} ST In-Circuit Debugger and ICSP™ Programming Clock
PGD2 18 27 I/10 ST In-Circuit Debugger and ICSP Programming Data
PMALL 30 44 ®) — Parallel Master Port Address Latch Enable low-byte
(Multiplexed Master modes)
PMALH 29 43 O — Parallel Master Port Address Latch Enable high-byte
(Multiplexed Master modes)
PMAO 30 44 ®) — Parallel Master Port Address Bit O Input (Buffered Slave modes) and
Output (Master modes)
PMA1 29 43 (0] — Parallel Master Port Address Bit 1 Input (Buffered Slave modes) and
Output (Master modes)
PMA2 8 14 (0] — Parallel Master Port Address (Demultiplexed Master modes)
PMA3 6 12 ) —
PMA4 5 11 ) —
PMAS5 4 10 o) —
PMAG6 16 29 ) —
PMA7 22 28 ) —
PMAS8 32 50 ) —
PMA9 31 49 ) —
PMA10 28 42 (e} —
PMA11 27 41 (0] —
PMA12 24 35 O —
PMA13 23 34 O —
PMA14 45 71 (e} —
PMA15 44 70 (e} —
PMCS1 45 71 O — Parallel Master Port Chip Select 1 Strobe
PMCS2 44 70 O — Parallel Master Port Chip Select 2 Strobe
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 12C™ = 12C/SMBus input buffer
Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed /O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)
Function Pl_n Number - 1/0 érzﬁ;gr Description
64-pin 100-pin
PMDO 60 93 1/0 ST/TTL | Parallel Master Port Data (Demultiplexed Master mode) or
PMD1 61 94 /0 ST/TTL |Address/Data (Multiplexed Master modes)
PMD2 62 98 110 ST/TTL
PMD3 63 99 110 ST/TTL
PMD4 64 100 lfe} ST/TTL
PMD5 1 3 lfe} ST/TTL
PMD6 2 4 lfe} ST/TTL
PMD7 3 110 ST/TTL
PMD8 — 90 110 ST/TTL
PMD9 — 89 110 ST/TTL
PMD10 — 88 lfe} ST/TTL
PMD11 — 87 lfe} ST/TTL
PMD12 — 79 lfe} ST/TTL
PMD13 — 80 /10 ST/TTL
PMD14 — 83 110 ST/TTL
PMD15 — 84 110 ST/TTL
PMENB 52 81 (0] — Parallel Master Port Enable Strobe (Master Mode 1)
PMRD 53 82 (@) — Parallel Master Port Read Strobe (Master Mode 2)
PMRD/PMWR 53 82 o — Parallel Master Port Read/Write Strobe (Master Mode 1)
PMWR 52 81 (0] — Parallel Master Port Write Strobe (Master Mode 2)

Legend:  TTL =TTL input buffer
ANA = Analog level input/output

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

ST = Schmitt Trigger input buffer
12C™ = |2C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)
Pin Number
Function 1/0 én;;fut Description
64-pin | 100-pin utrer
RAO — 17 110 ST PORTA Digital I/0
RA1 — 38 /0 ST Notes:  On 100-pin devices, JTAG program/debug port is multi-
RA2 _ 58 /0 ST plexed with port pins RAO, RA1, RA4 and RA5. At Reset,
RA y T these pins are controlled by the JTAG port. To use these
3 — 9 o S pins for general purpose I/O, the user’s application code
RA4 — 60 I/0 ST must clear JTAGEN (DDPCON<3>) bit = 0. To use these
RAS _ 61 /0 ST pins for JTAG program/debug, the user’'s application
RAG — o1 /o ST code must maintain JTAGEN bit = 1.
— On specific 100-pin devices, the instruction TRACE port
RAT 92 Vo ST is multiplexed with PORTA pins RA6, RA7; PORTG pins
RA9 — 28 110 ST RG12, RG13 and RG14. At Power-on Reset, these pins
RA10 — 29 110 ST are general purpose 1/O pins. To maintain these pins as
RA14 — 66 /0 ST general purpose /O pins, the user’s application code
must maintain TROEN (DDPCON<2>) bit = 0. To use
RA15 - 67 "o ST these pins as instruction TRACE pins, TROEN must be
set=1.
RBO 16 25 110 ST PORTB Digital I/O
RB1 15 24 /0 ST Note: On 64-pin devices, JTAG program/debug port is multi-
RB2 14 23 110 ST plexed with port pins RB10, RB11, RB12 and RB13. At
REB 1 > |/ T Reset, these pins are controlled by the JTAG port. To use
3 3 o S these pins for general purpose I/O, the user’s application
RB4 12 21 110 ST code must clear JTAGEN (DDPCON<3>) bit = 0. To use
RB5 11 20 110 ST these pins for JTAG program/debug, the user’s
RB6 17 26 /o ST application code must maintain JTAGEN bit = 1.
RB7 18 27 110 ST
RB8 21 32 110 ST
RB9 22 33 110 ST
RB10 23 34 110 ST
RB11 24 35 lfe} ST
RB12 27 41 lfe} ST
RB13 28 42 110 ST
RB14 29 43 110 ST
RB15 30 44 110 ST
RC1 — lfe} ST PORTC Digital I/0
RC2 — lfe} ST
RC3 — 110 ST
RC4 — 110 ST
RC12 39 63 110 ST
RC13 47 73 110 ST
RC14 48 74 110 ST
RC15 40 64 110 ST
Legend:  TTL =TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output

1?C™ = [2C/SMBus input buffer

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed /O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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PIC32MX3XX/4XX

TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)
Function Pl_n Number - 1/0 ér:;]:::r Description
64-pin 100-pin
RDO 46 72 110 ST PORTD Digital /O
RD1 49 76 110 ST
RD2 50 77 110 ST
RD3 51 78 lfe} ST
RD4 52 81 lfe} ST
RD5 53 82 lfe} ST
RD6 54 83 lfe} ST
RD7 55 84 lfe} ST
RD8 42 68 lfe} ST
RD9 43 69 lfe} ST
RD10 44 70 110 ST
RD11 45 71 lfe} ST
RD12 — 79 lfe} ST
RD13 — 80 lfe} ST
RD14 — 47 lfe} ST
RD15 — 48 lfe} ST
REO 60 93 110 ST PORTE Digital I1/10
RE1 61 94 110 ST
RE2 62 98 110 ST
RE3 63 99 110 ST
RE4 64 100 lfe} ST
RE5 1 3 110 ST
RE6 2 4 lfe} ST
RE7 3 5 110 ST
RES8 — 18 110 ST
RE9 — 19 110 ST
RFO 58 87 110 ST PORTF Digital /0
RF1 59 88 110 ST
RF2 34 52 110 ST
RF3 33 51 110 ST
RF4 31 49 110 ST
RF5 32 50 110 ST
RF6 35 55 110 ST
RF7 — 54 lfe} ST
RF8 — 53 lfe} ST
RF12 — 40 110 ST
RF13 — 39 110 ST

Legend:  TTL =TTL input buffer
ANA = Analog level input/output

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

ST = Schmitt Trigger input buffer
1?C™ = [2C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)
Function Pl_n Number - 110 ér:;]:::r Description
64-pin 100-pin
RGO — 90 110 ST PORTG Digital I/O
RG1 — 89 lfe} ST
RG?2 37 57 /O ST Note: On specific 100-pin devices, the Instruction TRACE port
RG3 6 56 /o ST is multiplexed with PORTA pins RA6, RA7; PORTG p?ns
RG12, RG13, and RG14. At power-on-reset, these pins
RG6 4 10 110 ST are general purpose I/O pins. To maintain these pins as
RG7 5 11 /0 ST general purpose I/O pins, the user’s application code
s | o [ @ [0 [ s T o e
RG9 8 14 lfe} ST set=1.
RG12 — 96 110 ST
RG13 — 97 lfe} ST
RG14 — 95 110 ST
RG15 — 1 110 ST
RTCC 42 68 O — Real-Time Clock Alarm Output
SCK1 35 55 (0] — SPI1 Serial Clock Output
SCK2 4 10 /0 ST SPI2 Serial Clock Output
SCL1 37 57 110 1’C 12C1 Synchronous Serial Clock Input/Output
SCL2 32 58 110 1’C 12C2 Synchronous Serial Clock Input/Output.
SDAl 36 56 110 1’c 12C1 Data Input/Output
SDA2 31 59 1/0 1’c 12C2 Data Input/Output
SDI1 34 54 | ST SPI1 Serial Data Input
SDI2 5 11 | ST SPI2 Serial Data Input
SDO1 33 53 (0] — SPI1 Serial Data Output
SDO2 6 12 (0] — SPI2 Serial Data Output
SOSCI 47 73 | ANA Secondary Oscillator/Timerl External Clock Input
SOSCO 48 74 (0] ANA Secondary Oscillator/Timerl External Clock Output
SS1 14 23 1/0 ST Slave Select Input/Frame Select Output (SPI1)
SS2 8 14 110 ST Slave Select Input/Frame Select Output (SP12)
T1CK 48 74 | ST Timerl External Clock Input
T2CK — | ST Timer2 External Clock Input
T3CK — | ST Timer3 External Clock Input
T4CK — | ST Timer4 External Clock Input
T5CK — | ST Timer5 External Clock Input
TCK 27 38 | ST JTAG Test Clock/Programming Clock Input
TDI 28 60 | ST JTAG Test Data/Programming Data Input
TDO 24 61 (0] — JTAG Test Data Output
T™MS 23 17 | ST JTAG Test Mode Select Input
TRCLK — 91 (0] — Trace Clock
TRDO — 97 o — Trace Data Bit 0
TRD1 — 96 (0] — Trace Data Bit 1
TRD2 — 95 o — Trace Data Bit 2
TRD3 — 92 O — Trace Data Bit 3
Legend:  TTL =TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output
Note:

1?C™ = [2C/SMBus input buffer

In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed I/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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PIC32MX3XX/4XX

TABLE 1-4: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — GENERAL PURPOSE (CONTINUED)

Function Pl_n Number - 1/0 érzﬁ;gr Description
64-pin 100-pin

U1CTS 43 47 [ ST | UARTL Clear to Send Input

UIRTS 35 48 o) — | UART1 Request to Send Output

U1RX 34 52 | ST UART1 Receive

UlTX 33 51 O — UART1 Transmit Output

U2CTS 21 40 [ ST | UART2 Clear to Send Input

U2RTS 29 39 O — UART2 Request to Send Output

U2RX 31 49 | ST UART 2 Receive Input

u2TX 32 50 O — UART2 Transmit Output

VDD 10, 26, 38| 2, 16, 37, P — Positive Supply for Peripheral Digital Logic and I/O pins
46, 62

VVDDCAP 56 85 P — External Filter Capacitor Connection (regulator enabled)
VDDCORE 56 85 P — Positive Supply for Microcontroller Core Logic (regulator disabled)

VREF- 15 28 | ANA | A/D Reference Voltage (Low) Input

VREF+ 16 29 | ANA A/D Reference Voltage (High) Input

Vss 9,25,41 | 15, 36, P — Ground Reference for Logic and I/O pins
45, 65, 75
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 1?C™ = [2C/SMBus input buffer
Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB
Function Pl_n Number - 1/0 é?ﬁ;::r Description
64-pin 100-pin
ANO 16 25 | ANA | A/D Analog Inputs
AN1 15 24 | ANA
AN2 14 23 | ANA
AN3 13 22 | ANA
AN4 12 21 | ANA
AN5 11 20 | ANA
ANG 17 26 | ANA
AN7 18 27 | ANA
AN8 21 32 | ANA
AN9 22 33 | ANA
AN10 23 34 | ANA
AN11 24 35 | ANA
AN12 27 41 | ANA
AN13 28 42 | ANA
AN14 29 43 | ANA
AN15 30 44 | ANA
AVDD 19 30 P — Positive Supply for Analog Modules
AVss 20 31 P — Ground Reference for Analog Modules
BCLK1 49 48 (e} — UART1 IrDA® Baud Clock
BCLK2 29 39 (e} — UART?2 IrDA® Baud Clock
C1IN- 12 21 | ANA Comparator 1 Negative Input
C1IN+ 11 20 | ANA Comparator 1 Positive Input
ClouT 21 32 O — Comparator 1 Output
C2IN- 14 23 | ANA Comparator 2 Negative Input
C2IN+ 13 22 | ANA Comparator 2 Positive Input
C20uUT 22 33 (0] — Comparator 2 Output
CLKI 39 63 | ANA Main Clock Input Connection
CLKO 40 64 (0] — System Clock Output

Legend:  TTL = TTL input buffer
ANA = Analog level input/output

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

ST = Schmitt Trigger input buffer
12C™ = [2C/SMBus input buffer
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)
Function Pl_n Number - 1/0 él??etr Description
64-pin 100-pin
CNO 48 74 | ST Interrupt-on-Change Inputs
CN1 47 73 | ST
CN2 16 25 | ST
CN3 15 24 | ST
CN4 14 23 | ST
CN5 13 22 | ST
CN6 12 21 | ST
CN7 11 20 | ST
CN8 10 | ST
CN9 11 | ST
CN10 12 | ST
CN11 14 | ST
CN12 30 44 | ST
CN13 52 81 | ST
CN14 53 82 | ST
CN15 54 83 | ST
CN16 55 84 | ST
CN17 31 49 | ST
CN18 32 50 | ST Interrupt-on-Change Inputs
CN19 — 80 | ST
CN20 — 47 | ST
CN21 — 48 | ST
CVREF- 15 28 | ANA Comparator Reference Voltage (Low) Input
CVREF+ 16 29 | ANA Comparator Reference Voltage (High) Input
CVREFOUT 23 34 O ANA Comparator Voltage Reference Output
D+ 37 57 110 ANA [USB D+
D- 36 56 lfe} ANA |USB D-
EMUC1 15 24 1/0 ST In-Circuit Emulator Clock Input/Output
EMUD1 16 25 1/0 ST In-Circuit Emulator Data Input/Output
EMUC2 17 26 1/0 ST In-Circuit Emulator Clock Input/Output
EMUD2 18 27 1/0 ST In-Circuit Emulator Data Input/Output
ENVREG 57 86 | ST Enable for On-Chip Voltage Regulator
IC1 42 68 | ST Input Capture Inputs
IC2 43 69 | ST
IC3 44 70 | ST
IC4 45 71 | ST
IC5 52 79 | ST

Legend:  TTL =TTL input buffer
ANA = Analog level input/output

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

ST = Schmitt Trigger input buffer
1?C™ = [2C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)
Function Pl_n Number - 1/0 é?ﬁ;::r Description
64-pin 100-pin
INTO 46 72 | ST External Interrupt Inputs
INT1 42 18 | ST
INT2 43 19 | ST
INT3 44 66 | ST
INT4 45 67 | ST
MCLR 7 13 [ ST | Master Clear (Device Reset) Input
Bring this line low to cause a Reset.
OC1 46 72 O — Output Compare/PWM Outputs
0ocC2 49 76 O —
OC3 50 77 (e} —
OcC4 51 78 (e} —
OC5 52 81 (e} —
OCFA 17 26 | ST Output Compare Fault A Input
OCFB 30 44 | ST Output Compare Fault B Input
0OSsC1 39 63 | ANA Main Oscillator Input Connection
0SsC2 40 64 O ANA Main Oscillator Output Connection
PGC1 15 24 I/0 ST In-Circuit Debugger and ICSP™ Programming Clock
PGD1 16 25 I/10 ST In-Circuit Debugger and ICSP Programming Data
PGC2 17 26 lfe} ST In-Circuit Debugger and ICSP™ Programming Clock
PGD2 18 27 110 ST In-Circuit Debugger and ICSP Programming Data
PMALL 30 44 ) — Parallel Master Port Address Latch Enable low-byte (Multiplexed Mas-
ter modes)
PMALH 29 43 @) — Parallel Master Port Address Latch Enable high-byte (Multiplexed
Master modes)
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer

Note:

ANA = Analog level input/output

12c™ = |2C/SMBus input buffer

In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to

right). Multiplexed peripheral inputs have no priority.
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)
Function Pl_n Number - 1/0 él??etr Description
64-pin 100-pin
PMAO 30 44 ) — Parallel Master Port Address Bit O Input (Buffered Slave modes) and
Output (Master modes)
PMA1 29 43 O — Parallel Master Port Address Bit 1 Input (Buffered Slave modes) and
Output (Master modes)

PMA2 8 14 (0] — Parallel Master Port Address (Demultiplexed Master modes)
PMA3 6 12 (0] —
PMA4 5 11 ) —
PMA5 4 10 ) —
PMAG 16 29 ) —
PMA7 22 28 (0] —
PMAS8 32 50 O —
PMA9 31 49 O —

PMA10 28 42 o —

PMA11 27 41 (e} —

PMA12 24 35 (e} —

PMA13 23 34 O —

PMA14 45 71 O — Address bit 14

PMA15 44 70 (0] — Address bit 15

PMCS1 45 71 O — Parallel Master Port Chip Select 1 Strobe

PMCS2 44 70 O — Parallel Master Port Chip Select 2 Strobe
PMDO 60 93 1/0 ST/TTL | Parallel Master Port Data (Demultiplexed Master mode) or
PMD1 61 94 110 ST/TTL |Address/Data (Multiplexed Master modes)
PMD2 62 98 110 ST/TTL
PMD3 63 99 110 ST/TTL
PMD4 64 100 lfe} ST/TTL
PMD5 1 lfe} ST/TTL
PMD6 2 lfe} ST/TTL
PMD7 3 110 ST/TTL
PMD8 — 90 110 ST/TTL
PMD9 — 89 110 ST/TTL

PMD10 — 88 lfe} ST/TTL

PMD11 — 87 I} ST/TTL

PMD12 — 79 110 ST/TTL

PMD13 — 80 110 ST/TTL

PMD14 — 83 110 ST/TTL

PMD15 — 84 110 ST/TTL

PMENB 52 81 (0] — Parallel Master Port Enable Strobe (Master mode 1)
PMRD 53 82 O — Parallel Master Port Read Strobe (Master mode 2)

PMRD/PMWR 53 82 O — Parallel Master Port Read/Write Strobe (Master mode 1)

PMWR 52 81 (0] — Parallel Master Port Write Strobe (Master mode 2)

Legend:  TTL = TTL input buffer
ANA = Analog level input/output

Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a
multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

ST = Schmitt Trigger input buffer
12C™ = 12C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)
Pin Number
Function 1/0 éan)fUt Description
64-pin | 100-pin utrer

RAO — 17 110 ST PORTA Digital I/0

RA1 — 38 /0 ST Notes:  On 100-pin devices, JTAG program/debug port is multi-

RA2 _ 58 /0 ST plexed with port pins RAO, RA1, RA4 and RA5. At Reset,

RA 0 T these pins are controlled by the JTAG port. To use these

3 — 9 o S pins for general purpose I/O, the user’s application code

RA4 — 60 110 ST must clear JTAGEN (DDPCON<3>) bit = 0. To use these

RAS _ 61 /0 ST pins for JTAG program/debug, the user’'s application

RAG — o1 /o ST code must maintain JTAGEN bit = 1.
On specific 100-pin devices, the instruction TRACE port

RA7 92 Vo ST is multiplexed with PORTA pins RA6, RA7; PORTG pins

RA9 — 28 1’0 ST RG12, RG13 and RG14. At Power-on Reset, these pins

RA10 — 29 110 ST are general purpose 1/O pins. To maintain these pins as

RA14 — 66 /0 ST general purpose /O pins, the user’s application code
must maintain TROEN (DDPCON<2>) bit = 0. To use

RA15 - 67 "o ST these pins as instruction TRACE pins, TROEN must be
set=1.

RBO 16 25 lfe} ST PORTB Digital I/O

RB1 15 24 1/0 ST Note: On 64-pin devices, JTAG program/debug port is multi-

RB2 14 23 /0 ST plexed with port pins RB10, RB11, RB12 and RB13. At

RB 1 > |/ T Reset, these pins are controlled by the JTAG port. To use

3 3 o S these pins for general purpose I/O, the user’s application

RB4 12 21 110 ST code must clear JTAGEN (DDPCON<3>) bit = 0. To use

RB5 11 20 110 ST these pins for JTAG program/debug, the user’s

RB6 17 26 /o ST application code must maintain JTAGEN bit = 1.

RB7 18 27 lfe} ST

RB8 21 32 110 ST

RB9 22 33 110 ST

RB10 23 34 110 ST

RB11 24 35 lfe} ST

RB12 27 41 110 ST

RB13 28 42 lfe} ST

RB14 29 43 110 ST

RB15 30 44 110 ST

RC1 — I/0 ST PORTC Digital I/0

RC2 — lfe} ST

RC3 — lfe} ST

RC4 — 9 lfe} ST

RC12 39 63 110 ST

RC13 47 73 110 ST

RC14 48 74 lfe} ST

RC15 40 64 110 ST

Legend:  TTL =TTL input buffer ST = Schmitt Trigger input buffer

Note:

ANA = Analog level input/output
In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed /O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

1?C™ = [2C/SMBus input buffer
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)
Function Pl_n Number - 1/0 ér:;]:::r Description
64-pin 100-pin
RDO 46 72 110 ST PORTD Digital /O
RD1 49 76 lfe} ST
RD2 50 77 110 ST
RD3 51 78 lfe} ST
RD4 52 81 lfe} ST
RD5 53 82 lfe} ST
RD6 54 83 110 ST
RD7 55 84 110 ST
RD8 42 68 110 ST
RD9 43 69 lfe} ST
RD10 44 70 110 ST
RD11 45 71 lfe} ST
RD12 — 79 lfe} ST
RD13 — 80 lfe} ST
RD14 — 47 lfe} ST
RD15 — 48 110 ST
REO 60 93 lfe} ST PORTE Digital 1/10
RE1 61 94 lfe} ST
RE2 62 98 lfe} ST
RE3 63 99 lfe} ST
RE4 64 100 lfe} ST
RE5 1 3 lfe} ST
RE6 2 4 110 ST
RE7 3 lfe} ST
RE8 — 18 110 ST
RE9 — 19 lfe} ST
RFO 58 87 110 ST PORTF Digital /0
RF1 59 88 110 ST
RF2 — 52 lfe} ST
RF3 33 51 110 ST
RF4 31 49 110 ST
RF5 32 50 110 ST
RF8 — 53 110 ST
RF12 — 40 110 ST
RF13 — 39 110 ST
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer

Note:

ANA = Analog level input/output
In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.

12C™ = 12C/SMBus input buffer

© 2008 Microchip Technology Inc.
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)
Function Pl_n Number - 110 ér:ﬁ;::r Description
64-pin 100-pin
RGO — 90 110 ST PORTG Digital I/O
RG1 — 89 110 ST
RG2 37 57 /O ST Note: On specific 100-pin devices, the instruction TRACE port
is multiplexed with PORTA pins RA6, RA7; PORTG pins
RG3 36 o6 Vo ST RG12, RG13 and RG14. At Power-on Reset, these pins
RG6 4 10 110 ST are general purpose I/O pins. To maintain these pins as
RG7 5 11 /0 ST general purpose I/O pins, the user’s application code
rs | o | 12 [0 [ s T e
RG9 8 14 lfe} ST set=1.
RG12 — 96 110 ST
RG13 — 97 lfe} ST
RG14 — 95 lfe} ST
RG15 — 1 110 ST
RTCC 42 68 O — Real-Time Clock Alarm Output
SCK1 — 70 ) —
SCK2 4 10 /10 ST SPI2 Serial Clock Output
SCL1 44 66 1/0 1’c 12C1 Synchronous Serial Clock Input/Output
SCL2 32 58 110 1’C 12C2 Synchronous Serial Clock Input/Output
SDA1 43 67 110 1’c 12C1 Data Input/Output
SDA2 31 59 1/0 1’c 12C2 Data Input/Output
SDI1 — 9 | ST
SDI2 5 11 | ST SPI2 Serial Data Input
SDO1 — 72 (0] —
SDO2 6 12 (0] — SPI2 Serial Data Output
SOSCI 47 73 | ANA Secondary Oscillator/Timerl External Clock Input
SOSCO 48 74 (0] ANA Secondary Oscillator/Timerl External Clock Output
ss1 — 69 1/0 ST Slave Select Input/Frame Select Output (SPI1)
552 8 14 110 ST Slave Select Input/Frame Select Output (SP12)
T1CK 48 74 | ST Timerl External Clock Input
T2CK — | ST Timer2 External Clock Input
T3CK — | ST Timer3 External Clock Input
T4CK — | ST Timer4 External Clock Input
T5CK — | ST Timer5 External Clock Input
TCK 27 38 | ST JTAG Test Clock/Programming Clock Input
TDI 28 60 | ST JTAG Test Data/Programming Data Input
TDO 24 61 (0] — JTAG Test Data Output
TMS 23 17 | ST JTAG Test Mode Select Input
TRCLK — 91 (0] — Trace Clock
TRDO — 97 (0] — Trace Data Bit O
TRD1 — 96 O — Trace Data Bit 1
TRD2 — 95 (0] — Trace Data Bit 2
TRD3 — 92 (6] — Trace Data Bit 3
Legend:  TTL =TTL input buffer ST = Schmitt Trigger input buffer

ANA = Analog level input/output
Note:

1?C™ = [2C/SMBus input buffer

In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed I/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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TABLE 1-5: PIC32MX3XX/4XX PINOUT DESCRIPTIONS — USB (CONTINUED)

Function Pl_n Number - 1/0 ér:;]:::r Description
64-pin 100-pin
UICTS 43 47 [ ST | UART1 Clear to Send Input
UIRTS 49 48 o) — | UART1 Request to Send Output
U1RX 50 52 | ST UART1 Receive
U1TX 51 53 (0] — UART1 Transmit Output
U2CTS 21 40 | ST UART2 Clear to Send Input
U2RTS 29 39 o) — | UART2 Request to Send Output
U2RX 31 49 | ST UART 2 Receive Input
u2TXx 32 50 O — UART2 Transmit Output
VDD 10, 26, 38 | 2, 16, 37, P — Positive Supply for Peripheral Digital Logic and I/O pins
46, 62
VDDCAP 56 85 P — External Filter Capacitor Connection (regulator enabled)
VDDCORE 56 85 P — Positive Supply for Microcontroller Core Logic (regulator disabled)
VREF- 15 28 | ANA | A/D and Comparator Reference Voltage (Low) Input
VREF+ 16 29 | ANA A/D and Comparator Reference Voltage (High) Input
Vss 9,25,41 15, 36, P — Ground Reference for Logic and I/O pins
45, 65, 75
VBUS 34 54 | ANA USB Bus Power Monitor
VusB 35 55 P — USB Internal Transceiver Supply
VBUSON 11 20 (0] — USB Host and OTG Bus Power Control Output
USBID 33 51 | ST USB OTG ID Detect
Legend:  TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 1?C™ = [2C/SMBus input buffer
Note: In some cases, /O pins are multiplexed with more than one peripheral. In general, the dominant output control of a

multiplexed 1/O pin can be determined by the order of the peripheral output names assigned to a pin (read from left to
right). Multiplexed peripheral inputs have no priority.
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NOTES:
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20 PIC32MX MCU

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX Family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a detailed
description of the PIC32MX mcu.
Resources for the MIPS32® M4K®
Processor Core are available at
www.mips.com/products/cores/32-bit-cores/
mips32-mak/#.

The MCU module is the heart of the PIC32MX3XX/4XX
Family processor. The MCU fetches instructions,
decodes each instruction, fetches source operands,
executes each instruction and writes the results of
instruction execution to the proper destinations.

2.1 Features

 5-stage pipeline
» 32-bit Address and Data Paths
* MIPS32 Enhanced Architecture (Release 2)

- Multiply-Accumulate and Multiply-Subtract
Instructions

- Targeted Multiply Instruction

- Zero/One Detect Instructions

- WAI T Instruction

- Conditional Move Instructions (MOVN, MOVZ)
- Vectored interrupts

- Programmable exception vector base

- Atomic interrupt enable/disable

- GPR shadow registers to minimize latency
for interrupt handlers

- Bit field manipulation instructions
e MIPS16e™ Code Compression

- 16-bit encoding of 32-bit instructions to
improve code density

- Special PC-relative instructions for efficient
loading of addresses and constants

- SAVE & RESTORE macro instructions for
setting up and tearing down stack frames
within subroutines

- Improved support for handling 8 and 16-bit
data types

» Simple Fixed Mapping Translation (FMT)
mechanism

» Simple Dual Bus Interface
- Independent 32-bit address and data busses

- Transactions can be aborted to improve
interrupt latency

» Autonomous Multiply/Divide Unit

- Maximum issue rate of one 32x16 multiply
per clock

- Maximum issue rate of one 32x32 multiply
every other clock

- Early-in iterative divide. Minimum 11 and
maximum 34 clock latency (dividend (rs) sign
extension-dependent)

» Power Control
- Minimum frequency: 0 MHz

- Low-Power mode (triggered by WAI T
instruction)

- Extensive use of local gated clocks
« EJTAG Debug and Instruction Trace
- Support for single stepping

- Virtual instruction and data address/value
breakpoints

- PC tracing with trace compression

© 2008 Microchip Technology Inc.
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2.2

Architecture Overview

The PIC32MX3XX/4XX Family core contains several
logic blocks working together in parallel, providing an
efficient high performance computing engine. The

following blocks are included with the core:

FIGURE 2-1:

Execution Unit
Multiply/Divide Unit (MDU)

System Control Coprocessor (CPO)

Fixed Mapping Translation (FMT)
Dual Internal Bus interfaces
Power Management

MIPS16e Support

Enhanced JTAG (EJTAG) Controller

MCU BLOCK DIAGRAM

EJTAG Trace I/F
Trace (¢—
MDU Off-Chip
TAP ¢ Debug I/F
A
v
Execution X
Core FMT  |¢—p] Bus Interface Dual Bus I/F s
(RF/ALU/Shift) < S
>
A @
v
System
Coprocessor D%Vﬁtr
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221 EXECUTION UNIT

The PIC32MX3XX/4XX Family core execution unit
implements a load/store architecture with single-cycle
ALU operations (logical, shift, add, subtract) and an
autonomous multiply/divide unit. The core contains
thirty-two 32-bit general purpose registers used for
integer operations and address calculation. One
additional register file shadow set (containing thirty-two
registers) is added to minimize context switching
overhead during interrupt/exception processing. The
register file consists of two read ports and one write
port and is fully bypassed to minimize operation latency
in the pipeline.

The execution unit includes:
» 32-bit adder used for calculating the data address

e Address unit for calculating the next instruction
address

e Logic for branch determination and branch target
address calculation

« Load aligner

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

» Leading Zero/One detect unit for implementing the
CLZ and CLOinstructions

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

» Shifter and Store Aligner

2.2.2 MULTIPLY/DIVIDE UNIT (MDU)

The PIC32MX3XX/4XX Family core includes a
multiply/divide unit (MDU) that contains a separate
pipeline for multiply and divide operations. This pipeline
operates in parallel with the integer unit (IU) pipeline
and does not stall when the U pipeline stalls. This
allows MDU operations to be partially masked by
system stalls and/or other integer unit instructions.

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

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

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

Table 2-1 lists the repeat rate (peak issue rate of cycles
until the operation can be reissued) and latency
(number of cycles until a result is available) for the
PIC32MX core multiply and divide instructions. The
approximate latency and repeat rates are listed in
terms of pipeline clocks.
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TABLE 2-1: PIC32MX3XX/4XX FAMILY CORE HIGH-PERFORMANCE INTEGER
MULTIPLY/DIVIDE UNIT LATENCIES AND REPEAT RATES

Opcode Operand Size (mul rt) (div rs) Latency Repeat Rate
MULT/MULTU, MADD/MADDU, 16 bits 1 1
MSUB/MSUBU 32 bits 2 2
MUL 16 bits 2 1
32 hits 3 2
DIV/DIVU 8 hits 12 11
16 bits 19 18
24 bits 26 25
32 hits 33 32

The MIPS architecture defines that the result of a
multiply or divide operation be placed in the Hl and LO
registers. Using the Move-From-HI (M~HI ) and Move-
From-LO (MFLO) instructions, these values can be
transferred to the general purpose register file.

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

Two other instructions, multiply-add (MADD) and
multiply-subtract (MSUB), are used to perform the
multiply-accumulate and multiply-subtract operations.
The MADD instruction multiplies two numbers and then
adds the product to the current contents of the HI and
LO registers. Similarly, the MSUB instruction multiplies
two operands and then subtracts the product from the
HI and LO registers. The MADD and MSUB operations
are commonly used in DSP algorithms.
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2.2.3 SYSTEM CONTROL
COPROCESSOR (CP0)

In the MIPS architecture, CPO is responsible for the
virtual-to-physical address translation, the exception
control system, the processor’s diagnostics capability,
the operating modes (kernel, user, and debug), and
whether interrupts are enabled or disabled.
Configuration information, such as presence of options
like MIPS16e, is also available by accessing the CP0O
registers, listed in Table 2-2.

TABLE 2-2: COPROCESSOR 0 REGISTERS
e pemer | uncon
0-6 Reserved Reserved in the PIC32MX3XX/4XX Family core
7 HWREnNa Enables access via the RDHWR instruction to selected hardware registers
8 BadvAddr(!) Reports the address for the most recent address-related exception
9 Count® Processor cycle count
10 Reserved Reserved in the PIC32MX3XX/4XX Family core
11 Compare(l) Timer interrupt control
12 |statusH Processor status and control
12 |Intct® Interrupt system status and control
12 |srsct® Shadow register set status and control
12 SRSMap Provides mapping from vectored interrupt to a shadow set
13 cause® Cause of last general exception
14 |Epc® Program counter at last exception
15 PRId Processor identification and revision
15 EBASE Exception vector base register
16 Config Configuration register
16 Configl Configuration register 1
16 Config2 Configuration register 2
16 Config3 Configuration register 3
17-22 |Reserved Reserved in the PIC32MX3XX/4XX Family core
23 Debug(z) Debug control and exception status
24 DEPC® Program counter at last debug exception
25-29 |Reserved Reserved in the PIC32MX3XX/4XX Family core
30 ErrorEPC(® Program counter at last error
31 |DESAVE® Debug handler scratchpad register
Note 1: Registers used in exception processing.

Registers used during debug.

© 2008 Microchip Technology Inc.

Preliminary

DS61143D-page 37



PIC32MX3XX/4XX

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 2-3
shows the exception types in order of priority.

TABLE 2-3: PIC32MX3XX/4XX FAMILY 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
CpuU Execution of a coprocessor instruction for a coprocessor that is not enabled
CEU Execution of a CorExtend instruction when CorExtend 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
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2.2.4 INTERRUPT HANDLING

The PIC32MX3XX/4XX Family core includes support
for peripheral interrupts, two software interrupts, and a
timer interrupt.

The PIC32MX MCU uses the MIPS External Interrupt
Controller (EIC) mode, which redefines the way in
which interrupts are handled to provide full support for
an external interrupt controller handling prioritization
and vectoring of interrupts. This presence of this mode
denoted by the VEIC bit in the Config3 register. On the
PIC32MX core, the VEIC bit is always set to ‘1’ to
indicate the presence of an external interrupt controller.

Note:  Although EIC mode is designated as
“External”, the interrupt controller is

on-chip.

The interrupt controller specifies which shadow set
should be used upon entry to a particular vector. The
shadow registers further improve interrupt latency by
avoiding the need to save context when invoking an
interrupt handler.

2.2.5 GPR SHADOW REGISTERS

Release 2 of the MIPS32 Architecture optionally
removes the need to save and restore GPRs on entry
to high priority interrupts or exceptions, and to provide
specified processor modes with the same capability.
This is done by introducing multiple copies of the
GPRs, called “shadow sets”, and allowing privileged
software to associate a shadow set with entry to kernel
mode via an interrupt vector or exception. The normal
GPRs are logically considered shadow set zero.

The PIC32MX3XX/4XX Family core implements two
sets of registers, the normal GPRs, and one shadow
set. This is indicated by the SRSCtl s field.
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2.3 Modes of Operation

The PIC32MX3XX/4XX Family core supports three
modes of operation: user mode, kernel mode and
debug mode. User mode is most often used for
applications programs. Kernel mode is typically used
for handling exceptions and operating system kernel
functions, including CPO management and 1/O device
accesses. An additional Debug mode is used during
system bring-up and software development. Refer to
the EJTAG specification for more information on Debug

mode.

FIGURE 2-2:

PIC32MX3XX/4XX FAMILY CORE VIRTUAL ADDRESS MAP

OXFFFFFFFF

0XFF400000
OXFF3FFFFF
0xFF200000
OXF1FFFFFF

0XE0000000
OXDFFFFFFF

0xC0000000
OXBFFFFFFF

0xA0000000
OX9FFFFFFF

0x80000000
OX7FFFFFFF

0x00000000

Fixed Mapped

Memory/EJTAG(l)

Fixed Mapped

> kseg3

Kernel Virtual Address Space
Fixed Mapped, 512 MB

Kernel Virtual Address Space

Unmapped, 512 MB
Uncached

Kernel Virtual Address Space
Unmapped, 512 MB

User Virtual Address Space
Fixed Mapped, 2048 MB

kseg2

ksegl

kseg0

kuseg

Note 1: This space is mapped to memory in user or kernel mode, and by the EJTAG module in Debug mode.
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23.1 FIXED MAPPING TRANSLATION

The PIC32MX3XX/4XX Family core provides a simple
Fixed Mapping Translation (FMT) mechanism that is
smaller and simpler than a full Translation Lookaside
Buffer (TLB) found in other MIPS cores. Like a TLB, the
FMT performs virtual-to-physical address translation
and provides attributes for the different segments.
Those segments that are unmapped in a TLB
implementation (kseg0 and ksegl) are translated
identically by the FMT. Figure 2-3 shows how the FMT
is implemented in the PIC32MX core.

FIGURE 2-3: ADDRESS TRANSLATION DURING MEMORY ACCESS
Virtual .
Address Physical
) Address
Instruction
Address [P —
Calcul Instn
SRAM
FMT Interface
Data
Data SRAM
Address |—B
Calculator . Physical
Virtual Address
Address

In general, the FMT also determines the cacheability of
each segment. These attributes are controlled via bits
in the Config register. Table 2-4 shows the encoding for
the K23 (bits 30:28), KU (bits 27:25), and KO (bits 2:0)
fields of the Config register. The PIC32MX core passes
these Config fields to the Prefetch Cache module to
determine cacheability of Program Memory Flash
accesses. Table 2-5 shows how the cacheability of the
virtual address segments is controlled by these fields.

TABLE 2-4: CACHE COHERENCY

ATTRIBUTES
Config Register
Fields Cache Coherency Attribute
K23, KU, and KO
2 Uncached
3 Cacheable
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In the PIC32MX3XX/4XX Family core, no translation
exceptions are taken, although address errors are still

possible.
TABLE 2-5: CACHEABILITY OF SEGMENTS WITH FIXED MAPPING TRANSLATION
Segment Virtual Address Range Cacheability
useg/kuseg | 0x0000_0000-0x7FFF_FFFF | Controlled by the KU field (bits 27:25) of the Config register.
See Figure 2-4 for mapping.
This segment is always uncached when ERL = 1.
ksegO 0x8000_0000- OX9FFF_FFFF | Controlled by the KO field (bits 2:0) of the Config register.
See Figure 2-4 for mapping.
ksegl 0xA000_0000-0xBFFF_FFFF | Always uncacheable.
kseg2 0xC000_0000-0xDFFF_FFFF | Controlled by the K23 field (bits 30:28) of the Config register.
See Figure 2-4 for mapping.
kseg3 0XE000_0000-OxFFFF_FFFF | Controlled by the K23 field (bits 30:28) of the Config register.
See Figure 2-4 for mapping.

The FMT performs a simple translation to map from
virtual addresses to physical addresses. This mapping
is shown in Figure 2-4.

FIGURE 2-4:

FMT MEMORY MAP (ERL = 0) IN THE PIC32MX3XX/4XX FAMILY CORE

Virtual Address

Physical Address

0xC000_0000

kseg3 kseg3
0xE000_0000 0xEO000_0000
kseg2 kseg2

0xC000_0000

ksegl
0xA000_0000

kseg0
0x8000_0000

useg/kuseg

0x0000_0000

useg/kuseg

0x4000_0000

reserved
0x2000_0000

kseg0O/ksegl
0x0000_0000
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When ERL = 1, useg and kuseg become unmapped
(virtual address is identical to the physical address) and
uncached. This behavior is the same as if there was a
TLB. This mapping is shown in Figure 2-5.

FIGURE 2-5:

PIC32MX3XX/4XX FAMILY CORE FMT MEMORY MAP (ERL =1)

Virtual Address

Physical Address

0xC000_0000

kseg3 kseg3
O0xE000_0000 0xE000_0000
kseg2 kseg2

0xC000_0000

ksegl
0xA000_0000

kseg0
0x8000_0000

useg/kuseg

0x0000_0000

reserved

0x8000_0000

useg/kuseg

ksegO/ksegl
0x0000_0000

2.3.2 DUAL INTERNAL BUS INTERFACES

The SRAM interface includes dual instruction and data
interfaces.

The dual interface enables independent connection to
instruction and data devices. It yields the highest per-
formance, since the pipeline can generate simultane-
ous | and D requests which are then serviced in
parallel.

The internal buses are connected to the Bus Matrix
unit, which is a switch fabric that provides this parallel
operation.

2.3.3 MIPS16E EXECUTION

When the core is operating in MIPS16e mode,
instruction fetches only require 16 bits of data to be
returned. For improved efficiency, however, the core
will fetch 32 bits of instruction data whenever the
address is word-aligned. Thus for sequential MIPS16e
code, fetches only occur for every other instruction,
resulting in better performance and reduced system
power.
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24 Power Management

The PIC32MX3XX/4XX Family 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.

24.1 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 23.0
“Power Saving”.

24.2 LOCAL CLOCK GATING

The majority of the power consumed by the
PIC32MX3XX/4XX 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.

2.5 EJTAG Debug Support

The PIC32MX3XX/4XX Family core provides for an
Enhanced JTAG (EJTAG) interface for use in the
software debug of application and kernel code. In
addition to standard user mode and kernel modes of
operation, the PIC32MX3XX/4XX Family 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
transferring test data in and out of the
PIC32MX3XX/4XX Family core. In addition to the
standard JTAG instructions, special instructions
defined in the EJTAG specification define what
registers are selected and how they are used.

25.1 DEBUG REGISTERS

Three debug registers (DEBUG, DEPC, and DESAVE)
have been added to the MIPS Coprocessor 0 (CPO0)
register set. The DEBUG register shows the cause of
the debug exception and is used for setting up single-
step operations. The DEPC, or Debug Exception
Program Counter, register holds the address on which
the debug exception was taken. This is used to resume
program execution after the debug operation finishes.
Finally, the DESAVE, or Debug Exception Save,
register enables the saving of general purpose
registers used during execution of the debug exception
handler.

To exit debug mode, a Debug Exception Return
(DERET) instruction is executed. When this instruction
is executed, the system exits debug mode, allowing
normal execution of application and system code to
resume.

25.2 EJTAG HARDWARE BREAKPOINTS

There are several types of simple hardware
breakpoints defined in the EJTAG specification. These
stop the normal operation of the MCU and force the
system into debug mode. There are two types of simple
hardware  breakpoints  implemented in the
PIC32MX3XX/4XX Family core: Instruction
breakpoints and Data breakpoints.

The PIC32MX3XX/4XX Family core has two data and
six instruction breakpoints

Instruction breaks occur on instruction fetch
operations, and the break is set on the virtual address.
A mask can be applied to the virtual address to set
breakpoints on a range of instructions.

Data breakpoints occur on load/store transactions.
Breakpoints are set on virtual address values, similar to
the Instruction breakpoint. Data breakpoints can be set
on a load, a store, or both. Data breakpoints can also
be set based on the value of the load/store operation.
Finally, masks can be applied to both the virtual
address and the load/store value.

253 INSTRUCTION TRACING

The PIC32MX3XX/4XX Family core includes Trace
support for real-time tracing of instruction addresses.
The trace information is collected in an off-chip
memory, for post-capture processing by trace
regeneration software.

Off-chip trace memory is accessed through a special
trace probe that consists of 4 data pins plus a clock.
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2.6 MCU Initialization

Software is required to initialize the following parts of
the device after a Reset event:

» General Purpose Registers

» Coprocessor 0 State

26.1 GENERAL PURPOSE REGISTERS

The MCU register file powers up in an unknown state
with the exception of rO which is always 0. Initializing
the rest of the register file is not required for proper
operation of hardware. Depending on the software
environment however, several registers may need to
be initialized. Some of these are:

* SP — Stack Pointer
* GP - Global Pointer
* FP — Frame Pointer

2.6.2 COPROCESSOR 0 STATE

Miscellaneous CPO states need to be initialized prior to
leaving the boot code. There are various exceptions
which are blocked by ERL =1 or EXL = 1 and which are
not cleared by Reset. These can be cleared to avoid
taking spurious exceptions when leaving the boot code.

TABLE 2-6: CPO INITIALIZATION

CPO Register Action

Cause WP (Watch Pending), SWO0/1 (Software Interrupts) should be cleared.

Config Typically, the KO, KU and K23 fields should be set to the desired Cache Coherency Algorithm
(CCA) value prior to accessing the corresponding memory regions. But in the M4K core, all
CCA values are treated identically, so the hardware reset value of these fields need not be
modified.

Count(® Should be set to a known value if Timer Interrupts are used.

Compare Should be set to a known value if Timer Interrupts are used. The write to compare will also
clear any pending Timer Interrupts (thus, Count should be set before Compare to avoid any
unexpected interrupts).

Status Desired state of the device should be set.

Other CPO state Other registers should be written before they are read. Some registers are not explicitly
writable, and are only updated as a by-product of instruction execution or a taken exception.
Uninitialized bits should be masked off after reading these registers.

Note 1: When the Count register is equal to the Compare register, a timer interrupt is signaled. There is a mask bit in
the interrupt controller to disable passing this interrupt to the MCU if desired.

2.7 I/O Pin Configuration

The MCU module has EJTAG pins that may be config-
ured as user-available 1/0 pins. If EJTAG is used for
debug, it is important to make sure that software does
not clear DDPCON<JTAGEN>.
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NOTES:
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3.0 INSTRUCTION SET

The PIC32MX3XX/4XX family instruction set complies
with the MIPS32 Release 2 instruction set architecture.

Refer to “MIPS32® Architecture for Pro-
grammers Volume II: The MIPS32®
Instruction Set” at www.mips.com for more

Note:

PIC32MX does not support the following features: [FETREER,
» CoreExtend instructions
» Coprocessor 1 instructions
» Coprocessor 2 instructions
Table 3-1 provides a summary of the instructions that
are implemented by the PIC32MX3XX/4XX family
core.
TABLE 3-1: PIC32MX3XX/4XX INSTRUCTION SET
Instruction Description Function
ADD Integer Add Rd = Rs + Rt
ADDI Integer Add Immediate Rt = Rs + | mred
ADDI U Unsigned Integer Add Immediate Rt = Rs +y I mred
ADDI UPC Unsigned Integer Add Immediate to PC Rt = PC +, | mred
(MIPS16e™ only)
ADDU Unsigned Integer Add Rd = Rs +y Rt
AND Logical AND Rd = Rs & Rt
ANDI Logical AND Immediate Rt = Rs & (046 || | med)
B Unconditional Branch PC += (int)offset
(Assembler idiom for: BEQ rO0, r0, offset)
BAL Branch and Link GPR[ 31> = PC + 8
(Assembler idiom for: BGEZAL r0, offset) PC += (int)offset
BEQ Branch On Equal if Rs == Rt
PC += (int)offset
BEQL Branch On Equal Likely if Rs == Rt
PC += (int)offset
el se
I gnore Next Instruction
BGEZ Branch on Greater Than or Equal To Zero if I'Rs[31>
PC += (int)offset
BGEZAL Branch on Greater Than or Equal To Zero And Link GPR[ 31> = PC + 8
if I'Rs[31>
PC += (int)offset
BGEZALL Branch on Greater Than or Equal To Zero And Link GPR[ 31> = PC + 8
Likely if 'Rs[31>
PC += (int)offset
el se
I gnore Next Instruction
BCGEZL Branch on Greater Than or Equal To Zero Likely if 'Rs[31>
PC += (int)offset
el se
I gnore Next Instruction
BGTz Branch on Greater Than Zero if '1Rs[31> && Rs !'= 0
PC += (int)offset
BGTZL Branch on Greater Than Zero Likely if IRS[31> && Rs !=0
PC += (int)offset
el se
I gnore Next Instruction
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TABLE 3-1: PIC32MX3XX/4XX INSTRUCTION SET (CONTINUED)
Instruction Description Function
BLEZ Branch on Less Than or Equal to Zero if R[31>]] Rs == 0
PC += (int)offset
BLEZL Branch on Less Than or Equal to Zero Likely if R[31>]] Rs == 0
PC += (int)offset
el se
I gnore Next Instruction
BLTZ Branch on Less Than Zero if Rs[31>
PC += (int)offset
BLTZAL Branch on Less Than Zero And Link GPR[ 31> = PC + 8
if Rs[31>
PC += (int)offset
BLTZALL Branch on Less Than Zero And Link Likely GPR[ 31> = PC + 8
if Rs[31>
PC += (int)offset
el se
I gnore Next Instruction
BLTZL Branch on Less Than Zero Likely if Rs[31>
PC += (int)offset
el se
I gnore Next Instruction
BNE Branch on Not Equal if Rs!=Rt
PC += (int)offset
BNEL Branch on Not Equal Likely if Rs =Rt
PC += (int)offset
el se
I gnore Next Instruction
BREAK Breakpoint Break Exception
CLO Count Leading Ones Rd = Nunleadi ngOnes( Rs)
CLz Count Leading Zeroes Rd = NunlLeadi ngZeroes(Rs)
COPO Coprocessor 0 Operation See Software User’s Manual
DERET Return from Debug Exception PC = DEPC
Exit Debug Mde
DI Atomically Disable Interrupts Rt = Status; Status;g =0
D v Divide LO= (int)Rs / (int)Rt
H = (int)Rs % (int)Rt
Dl VU Unsigned Divide LO = (uns)Rs / (uns)Rt
H = (uns)Rs % (uns) Rt
EHB Execution Hazard Barrier Stop instruction execution
until execution hazards are
cl eared
El Atomically Enable Interrupts Rt = Status; Status;g =1
ERET Return from Exception if SR 2>
PC = Error EPC
el se
PC = EPC
SR[1> = 0
SR[2> =0
LL =0
EXT Extract Bit Field Rt = ExtractFiel d(Rs, pos,

si ze)
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TABLE 3-1: PIC32MX3XX/4AXX INSTRUCTION SET (CONTINUED)
Instruction Description Function
I NS Insert Bit Field Rt = InsertField(Rs, R, pos,
si ze)
J Unconditional Jump PC = PC[ 31: 28> || offset<<2
JAL Jump and Link GPR[ 31> = PC + 8
PC = PC[ 31:28> || offset<<2
JALR Jump and Link Register Rd = PC + 8
PC = Rs
JALR HB Jump and Link Register with Hazard Barrier Like JALR, but also clears execution and
instruction hazards
JALRC Jump and Link Register Compact — do not execute Rd = PC + 2
instruction in jump delay slot (MIPS16e™ only) PC = Rs
JR Jump Register PC = Rs
JR HB Jump Register with Hazard Barrier Like JR, but also clears execution and
instruction hazards
JRC Jump Register Compact — do not execute instructionin [PC = Rs
jump delay slot (MIPS16e only)
LB Load Byte Rt = (byte)Meni Rs+of f set >
LBU Unsigned Load Byte Rt = (ubyte))Men] Rs+of f set >
LH Load Halfword Rt = (hal f)Men{ Rs+of f set >
LHU Unsigned Load Halfword Rt = (uhal f) Men{ Rs+of f set >
LL Load Linked Word Rt = Men{ Rs+of f set >
LL = 1
LLAdr = Rs + of fset
LU Load Upper Immediate Rt = imediate << 16
LW Load Word Rt = Men{ Rs+of f set >
LWPC Load Word, PC relative Rt = Men{ PCtof f set >
LWL Load Word Left See Architecture Reference Manual
LVR Load Word Right See Architecture Reference Manual
MADD Multiply-Add H | LO+= (int)Rs * (int)Rt
MADDU Multiply-Add Unsigned H | LO += (uns)Rs * (uns)Rt
M~CO Move From Coprocessor 0 Rt = CPR[0, Rd, sel>
MFHI Move From HI Rd = H
MFLO Move From LO Rd = LO
MOVN Move Conditional on Not Zero if Rt %0 then
Rd = Rs
MovZ Move Conditional on Zero if Rt =0 then
Rd = Rs
MsUB Multiply-Subtract H | LO-= (int)Rs * (int)Rt
VBUBU Multiply-Subtract Unsigned H | LO-= (uns)Rs * (uns)Rt
MICO Move To Coprocessor 0 CPR[0, n, Sel> =Rt
MIHI Move To HI H = Rs
MILO Move To LO LO = Rs
MJL Multiply with register write H | LO =Unpredictable
Rd = ((int)Rs * (int)Rt)31 0
MULT Integer Multiply H | LO= (int)Rs * (int)Rd
MULTU Unsigned Multiply H | LO= (uns)Rs * (uns)Rd
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TABLE 3-1: PIC32MX3XX/4AXX INSTRUCTION SET (CONTINUED)
Instruction Description Function
NOP No Operation
(Assembler idiom for: SLL r0, r0, r0)
NOR Logical NOR Rd = ~(Rs | Rt)
oR Logical OR Rd=Rs | Rt
Rl Logical OR Immediate R = Rs | |nmmed
RDHWR Read Hardware Register Allows unprivileged access to registers
enabled by HWREna register
RDPGPR Read GPR from Previous Shadow Set Rt = SGPR[ SRSCt | pgg, Rd>
RESTORE Restore registers and deallocate stack frame See Architecture Reference Manual
(MIPS16e™ only)
ROTR Rotate Word Right Rd = Rtga-1.. 01l R31 sa
ROTRV Rotate Word Right Variable Rd = Rigs.1. 0 || Ri31 Rs
SAVE Save registers and allocate stack frame (MIPS16e only) | See Architecture Reference Manual
SB Store Byte (byte) Men] Rs+offset> = Rt
SC Store Conditional Word if LL =1
men] Rs+of fset> = Rt
R = LL
SDBBP Software Debug Break Point Trap to SW Debug Handler
SEB Sign-Extend Byte Rd = (byte)Rs
SEH Sign-Extend Half Rd = (hal f)Rs
SH Store Half (hal f) Men]{ Rs+of fset> = Rt
SLL Shift Left Logical Rd = Rt << sa
SLLV Shift Left Logical Variable Rd = Rt << Rs[4:0>
SLT Set on Less Than if (int)Rs < (int)Rt
Rd =1
el se
Rd =0
SLTI Set on Less Than Immediate if (int)Rs < (int)!lnmed
=1
el se
=0
SLTIU Set on Less Than Immediate Unsigned if (uns)Rs < (uns)lmmed
R =1
el se
R =0
SLTU Set on Less Than Unsigned if (uns)Rs < (uns)lmed
Rd =1
el se
Rd =0
SRA Shift Right Arithmetic Rd = (int)Rt >> sa
SRAV Shift Right Arithmetic Variable Rd = (int)Rt >> Rs[4:0>
SRL Shift Right Logical Rd = (uns)Rt >> sa
SRLV Shift Right Logical Variable Rd = (uns)Rt >> Rs[4: 0>
SSNOP Superscalar Inhibit No Operation NOP
SUB Integer Subtract R = (int)Rs - (int)Rd
SUBU Unsigned Subtract Rt = (uns)Rs - (uns)Rd
Sw Store Word Men| Rs+of fset> = Rt
SW Store Word Left See Architecture Reference Manual
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TABLE 3-1: PIC32MX3XX/AXX INSTRUCTION SET (CONTINUED)
Instruction Description Function

SVWR Store Word Right See Architecture Reference Manual

SYNC Synchronize See Software User’'s Manual

SYSCALL System Call Syst entCal | Excepti on

TEQ Trap if Equal if Rs == Rt
TrapException

TEQ Trap if Equal Immediate if Re == (int)lnmed
Tr apException

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

TGEI Trap if Greater Than or Equal Immediate if (int)Rs >= (int)lmed
Tr apException

TGEI U Trap if Greater Than or Equal Immediate Unsigned if (uns)Rs >= (uns)| med
TrapException

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

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

TLTI Trap if Less Than Immediate if (int)Rs < (int)!lnmed
Tr apException

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

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

TNE Trap if Not Equal if Rel=Rt
TrapException

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

VAT Wait for Interrupts Stall until interrupt occurs

WRPGPR Write to GPR in Previous Shadow Set SGPR[ SRSCt | pgg, Rd> = Rt

WEBH Word Swap Bytes Within Halfwords Rd=Rto3 16 || Rig1 24|l R7 o

|| Rtis. .8

XOR Exclusive OR Rd = Rs " Rt

XORI Exclusive OR Immediate Rt = Rs ~ (uns)lnmmed

ZEB Zero-extend byte (MIPS16e™ only) Rt = (ubyte) Rs

ZEH Zero-extend half (MIPS16e only) Rt = (uhalf) Rs
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NOTES:

DS61143D-page 52 Prelimi nary © 2008 Microchip Technology Inc.



PIC32MX3XX/4XX

4.0 OSCILLATORS

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

This section describes the PIC32MX3XX/4XX oscilla-
tor system and its operation. The PIC32MX oscillator
system has the following modules and features:

« A total of four external and internal oscillator
options as clock sources

« On-chip PLL with user-selectable input divider,
multiplier, and output divider to boost operating
frequency on select internal and external
oscillator sources

» On-chip user-selectable divisor postscaler on
select oscillator sources

» Software-controllable switching between various
clock sources

A Fail-Safe Clock Monitor (FSCM) that detects

clock failure and permits safe application recovery
or shutdown

A simplified diagram of the oscillator system is shown
in Figure 4-1.

© 2008 Microchip Technology Inc. Preliminary
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Figure 4-1: PIC32MX3XX/4XX FAMILY CLOCK DIAGRAM
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4.1 Control Registers The Oscillator module also has the following

. . ) . associated bits for interrupt control:
The Oscillator module consists of the following Special P

Function Registers (SFRs): * Interrupt Flag Status bits (IFS1<14>) for Clock
Fail FSCMIF in IFS1 Interrupt register

* Interrupt Enable Control bits (IEC1<14>) for Clock
Fail FSCMIE in IEC1 Interrupt register

* Interrupt Priority Control bits (FSCMIP<12:10>)
for Clock Fail in IPC8 Interrupt register

* Interrupt Subpriority Control bits (FSCMIP<9:8>)

* OSCCON: Control Register for the Oscillator
module

OSCCONCLR, OSCCONSET, OSCCONINV:
Atomic Bit Manipulation Write-only Registers for
OSCCON register

. OS;Z'Il'UN: FRC Tuning Register for the Oscillator for Clock Fail in IPC8 Interrupt register
module , . . .
The following tables provide brief summaries of
OSCTUNCLR, OSCTUNSET, OSCTUNINV: Atomic Oscillator-module-related registers. Corresponding
Bit Manipulation Write-only Registers for OSCTUN registers appear after the summaries, followed by a
register detailed description of each register.
TABLE 4-1: OSCILLATOR SFR SUMMARY
' : : : Bit Bit . . .
Virtual Bit Bit Bit Bit Bit Bit
Address Name 31/23/15/7 | 30122/1416 | 29f21/13y5 | 28202 2T a6ngnor2 | 2517090 | 241160810
BF80_F000 | OSCCON 31:24 — — PLLODIV<2:0> FRCDIV<2:0>
23:16 — SOSCRDY — | PBDIV<1:0> PLLMULT<2:0>
15:8 — COSC<2:0> — NOSC<2:0>
7:0 | CLKLOCK ULOCK LOCK | SLPEN CF UFRCEN SOSCEN OSWEN
BF80_F004 | OSCCONCLR | 31:0 Write clears selected bits in OSCCON, read yields undefined value
BF80_F008 | OSCCONSET | 31:.0 Write sets selected bits in OSCCON, read yields undefined value
BF80_FOOC | OSCCONINV | 31:0 Write inverts selected bits in OSCCON, read yields undefined value
BF80_F010 OSCTUN 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 = — = — — = = =
7:0 — — TUN<5:0>
BF80_F014 | OSCTUNCLR | 31:.0 Write clears selected bits in OSCTUN, read yields undefined value
BF80_F018 | OSCTUNSET | 31:.0 Write sets selected bits in OSCTUN, read yields undefined value
BF80_F01C | OSCTUNINV 310 Write inverts selected bits in OSCTUN, read yields undefined value
TABLE 4-2:  WATCHDOG TIMER SFR SUMMARY®
' ) : . Bit Bit . . .
Virtual Bit Bit Bit Bit Bit Bit
Address Name 31/23/15/7 | 3012271406 | 20/21/13y5 | 282N ST o6ngn0rn | 2517000 | 241167810
BF80_0000 | WDTCON 15:8 ON — — — — — — —

Note 1: This summary table contains partial register definitions that only pertain to the Oscillator peripheral. Refer to the
“PIC32MX Family Reference Manual” (DS61132) for a detailed description of these registers.
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TABLE 4-3: OSCILLATOR INTERRUPT REGISTER SUMMARY®

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit

Address 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
BF88_1070 IEC1 15:8 RTCCIE FSCMIE 12C2MIE 12C2SIE I12C2BIE U2TXIE U2RXIE U2EIE
BF88_1040 IFS1 15:8 RTCCIF FSCMIF 12C2MIF 12C2SIF 12C2BIF U2TXIF U2RXIF U2EIF
BF88_1110 IPC8 23:16 — — — FSCMIP<2:0> FSCMIS<1:0>

Note 1: This summary table contains partial register definitions that only pertain to the Oscillator peripheral. Refer to the
“PIC32MX Family Reference Manual” (DS61132) for a detailed description of these registers.

TABLE 4-4: DEVCFG: DEVICE CONFIGURATION REGISTER SUMMARY(®: 2

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BFCO_2FF8 DEVCFG1 | 23:16 | FWDTEN — — FWDTPS<4:0>
15:8 FCKSM<1:0> FPBDIV<1:0> — OSCIOFNC POSCMD<1:0>
7:0 IESO — FSOSCEN — — FNOSC<2:0>
BFCO_2FF4 DEVCFG2 | 23:16 — — — — — FPLLODIV<2:0>
15:8 | FUPLLEN — — — — FUPLLIDIV<2:0>
7:0 — FPLLMULT<2:0> — FPLLIDIV<2:0>

Note 1: FUPLLEN and FPLLODIV<2:0> are only available on PIC32MX4XX family variants.
2:  This summary table contains partial register definitions that only pertain to the Oscillator peripheral. Refer to the
“PIC32MX Family Reference Manual” (DS61132) for a detailed description of these registers.
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REGISTER 4-1: OSCCON: OSCILLATOR CONTROL REGISTER

r-x r-x R/W-x R/W-x R/W-x R/W-0 R/W-0 R/W-1
— — PLLODIV<2:0> FRCDIV<2:0>
bit 31 bit 24
r-x R-0 r-x R/W-x R/W-x R/W-x R/W-x R/W-x
— SOSCRDY — PBDIV<1:0> PLLMULT<2:0>
bit 23 bit 16
r-x R-0 R-0 R-0 r-x R/W-x R/W-x R/W-x
— COSC<2:0> — NOSC<2:0>
bit 15 bit 8
R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-x R/W-x
CLKLOCK ULOCK LOCK SLPEN CF UFRCEN SOSCEN OSWEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-30 Reserved: Write ‘0’; ignore read
bit 29-27 PLLODIV<2:0>: Output Divider for PLL
111 = PLL output divided by 256
110 = PLL output divided by 64
101 = PLL output divided by 32
100 = PLL output divided by 16
011 = PLL output divided by 8
010 = PLL output divided by 4
001 = PLL output divided by 2
000 = PLL output divided by 1
Note: On Reset these bits are set to the value of the FPLLODIV configuration bits
(DEVCFG2<18:16>)
bit 26-24 FRCDIV<2:0>: Fast Internal RC Clock Divider bits
111 = FRC divided by 256
110 = FRC divided by 64
101 = FRC divided by 32
100 = FRC divided by 16
011 = FRC divided by 8
010 = FRC divided by 4
001 = FRC divided by 2 (default setting)
000 = FRC divided by 1
bit 23 Reserved: Write ‘0’; ignore read
bit 22 SOSCRDY: Secondary Oscillator Ready Indicator bit
1 = Indicates that the Secondary Oscillator is running and is stable
0 = Secondary oscillator is either turned off or is still warming up
bit 21 Reserved: Write ‘0’; ignore read
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REGISTER 4-1: OSCCON: OSCILLATOR CONTROL REGISTER

bit 20-19

bit 18-16

bit 15
bit 14-12

bit 11
bit 10-8

bit 7

bit 6

bit 5

PBDIV<1:0>: Peripheral Bus Clock Divisor

11 = PBCLK is SYSCLK divided by 8 (default)
10 = PBCLK is SYSCLK divided by 4
01 = PBCLK is SYSCLK divided by 2
00 = PBCLK is SYSCLK divided by 1

Note: On Reset these bits are set to the value of the FPBDIV Configuration bits
(DEVCFG1<13:12>).

PLLMULT<2:0>: PLL Multiplier bits

111 = Clock is multiplied by 24

110 = Clock is multiplied by 21

101 = Clock is multiplied by 20

100 = Clock is multiplied by 19

011 = Clock is multiplied by 18

010 = Clock is multiplied by 17

001 = Clock is multiplied by 16

000 = Clock is multiplied by 15

Note: On Reset these bits are set to the value of the FPLLMULT Configuration bits
(DEVCFG2<6:4>).

Reserved: Write ‘0’; ignore read

COSC<2:0>: Current Oscillator Selection bits

111 = Fast Internal RC Oscillator divided by OSCCON<FRCDIV> bits

110 = Fast Internal RC Oscillator divided by 16

101 = Low-Power Internal RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL or ECPLL)

010 = Primary Oscillator (XT, HS or EC)

001 = Fast RC Oscillator with PLL module divided by 2 (FRCPLL)

000 = Fast RC Oscillator (FRC)

Note: On Reset these bits are set to the value of the FNOSC Configuration bits (DEVCFG1<2:0>).
Reserved: Write ‘0’; ignore read

NOSC<2:0>: New Oscillator Selection bits

111 = Fast Internal RC Oscillator divided by OSCCON<FRCDIV> bits

110 = Fast Internal RC Oscillator divided by 16

101 = Low-Power Internal RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL or ECPLL)

010 = Primary Oscillator (XT, HS or EC)

001 = Fast Internal RC Oscillator with PLL module via Postscaler (FRCPLL)

000 = Fast Internal RC Oscillator (FRC)

Note: On Reset these bits are set to the value of the FNOSC Configuration bits (DEVCFG1<2:0>).

CLKLOCK: Clock Selection Lock Enable bit

If FSCM is enabled (FCKSM1 = 1):

1 = Clock and PLL selections are locked.

0 = Clock and PLL selections are not locked and may be modified

If FSCM is disabled (FCKSM1 = 0):

Note: Clock and PLL selections are never locked and may be modified.

ULOCK: USB PLL Lock Status bit

1 = Indicates that the USB PLL module is in lock or USB PLL module start-up timer is satisfied

0 = Indicates that the USB PLL module is out of lock or USB PLL module start-up timer is in progress
or USB PLL is disabled

LOCK: PLL Lock Status bit

1 = PLL module is in lock or PLL module start-up timer is satisfied
0 = PLL module is out of lock, PLL start-up timer is running or PLL is disabled
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REGISTER 4-1: OSCCON: OSCILLATOR CONTROL REGISTER
bit 4 SLPEN: Sleep Mode Enable bit

1 = Device will enter Sleep mode when a WAI T instruction is executed

0 = Device will enter Idle mode when a WAI T instruction is executed
bit 3 CF: Clock Fail Detect bit

1 = FSCM (Fail Safe Clock Monitor) has detected a clock failure

0 = No clock failure has been detected
bit 2 UFRCEN: USB FRC Clock Enable bit

1 = Enable FRC as the clock source for the USB clock source

0 = Use the primary oscillator or USB PLL as the USB clock source
bit 1 SOSCEN: 32.768 kHz Secondary Oscillator (SOSC) Enable bit

1 = Enable Secondary Oscillator

0 = Disable Secondary Oscillator

Note: On Reset these bits are set to the value of the FSOSCEN Configuration bit (DEVCFG1<5>).
bit 0 OSWEN: Oscillator Switch Enable bit

1 = Initiate an oscillator switch to selection specified by NOSC2:NOSCO bits
0 = Oscillator switch is complete
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REGISTER 4-2: OSCTUN: FRC TUNING REGISTER

r-X r-x r-X r-x r-x r-X r-X r-x
bit 31 bit 24
r-X r-x r-X r-x r-x r-X r-X r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
bit 15 bit 8
r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUN<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31:6 Reserved: Write ‘0’; ignore read
bit 5-0 TUN<5:0>: FRC Oscillator Tuning bits
011111 = Maximum frequency.
011110 =
000001 =
000000 = Center frequency. Oscillator runs at calibrated frequency.
111111 =
100001 =

100000 = Minimum frequency.
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REGISTER 4-3: WDTCON: WATCHDOG TIMER CONTROL REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
R/W-0 r-x r-x r-x r-x R-1 R-1 R-0
ON — — — — — — —
bit 15 bit 8
r-x R-x R-x R-x R-x R-x r-0 R/W-0
— WDTPS<4:0> — WDTCLR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 15 ON: Watchdog Timer Enable bit

1 = Enables the WDT if it is not enabled by the device configuration
0 = Disable the WDT if it was enabled in software

Notes: A read of this bit will result in a ‘1’ if the WDT is enabled by the device configuration or
by software.
The LPRC oscillator will automatically be enabled when this bit is set.

Note: Shaded bit names in this register control other PIC32MX3XX/4XX peripherals and are not related to the
oscillator.
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REGISTER 4-4: IEC1: INTERRUPT ENABLE CONTROL REGISTER

r-X r-x r-X r-x r-x r-X R/W-0 R/W-0
— — — — — — USBIE FCEIE
bit 31 bit 24
r-0 r-0 r-0 r-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — DMASIE DMA2IE DMALIE DMAOIE
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RTCCIE FSCMIE 12C2MIE I12C2SIE 12C2BIE U2TXIE U2RXIE U2EIE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPI2RXIE SPI2TXIE SPI2EIE CMP2IE CMP1IE PMPIE AD1IE CNIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 14 FSCMIE: Fail-Safe Clock Monitor Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

Note: Shaded bit names in this Interrupt register control other PIC32MX3XX/4XX peripherals and are not related to
the oscillator.
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REGISTER 4-5: IFS1: INTERRUPT FLAG STATUS REGISTER
r-x r-x r-x r-x r-x r-x R/W-0 R/W-0
— — — — — — USBIF FCEIF
bit 31 bit 24
r-0 r-0 r-0 r-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — DMA3IF DMA2IF DMALIF DMAOIF
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RTCCIF FSCMIF 12C2MIF I12C2SIF 12C2BIF U2TXIF U2RXIF U2EIF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPI2RXIF SPI2TXIF SPI2EIF CMP2IF CMPL1IF PMPIF ADL1IF CNIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 14 FSCMIF: Fail-Safe Clock Monitor Interrupt Flag bit
1 = Interrupt request has occured
0 = No interrupt request has occurred

Note: Shaded bit names in this Interrupt register control other PIC32MX3XX/4XX peripherals and are not related to
the oscillator.
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REGISTER 4-6: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DMAOIP<2:0> DMAO0IS<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RTCCIP<2:0> RTCCIS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — FSCMIP<2:0> FSCMIS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — 12C2IP<2:0> 12C21S<1:0>
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit
-n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

P = Programmable bit

r = Reserved bit

bit 12-10

bit 9-8

FSCMIP<2:0>: Fail-Safe Clock Monitor Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

FSCMIS<1:0>: Fail-Safe Clock Monitor Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Note: Shaded bit names in this Interrupt register control other PIC32MX3XX/4XX peripherals and are not related to
the oscillator.
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REGISTER 4-7: DEVCFG1 BOOT CONFIGURATION REGISTER

r-1 r-1 r-1 r-1 r-1 r-1 r-1 r-1
bit 31 bit 24
R/P-1 R/P-1 r-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
FWDTEN — — FWDTPS4 | FWDTPS3 | FWDTPS2 | FWDTPS1 | FWDTPSO
bit 23 bit 16
R/P-1 R/P-1 R/P-1 R/P-1 r-1 R/P-1 R/P-1 R/P-1
FCKSM<1:0> FPBDIV<1:0> — OSCIOFNC POSCMD<1:0>
bit 15 bit 8
R/P-1 r-1 R/P-1 r-1 r-1 R/P-1 R/P-1 R/P-1
IESO — FSOSCEN — — FNOSC2 FNOSC1 FNOSCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 15-14 FCKSM<1:0>: Fail-safe Clock Monitor (FSCM) and Clock Switch Configuration bits
1x = FSCM and Clock Switching are disabled
01 = Clock Switching is enabled, FSCM is disabled
00 = Clock Switching and FSCM are enabled
bit 13-12 FPBDIV<1:0>: Peripheral Bus Clock divisor default value
11 = PBCLK is SYSCLK divided by 8
10 = PBCLK is SYSCLK divided by 4
01 = PBCLK is SYSCLK divided by 2
00 = PBCLK is SYSCLK divided by 1
bit 10 OSCIOFNC: CLKO Enable Configuration bit
1 = CLKO output signal active on the OSCO pin; primary oscillator must be disabled or configured for
the External Clock mode (EC) for the CLKO to be active (POSCMD<1:0> = 11 or = 00)
0 = CLKO output disabled
bit 9-8 POSCMD<1:0>: Primary Oscillator Configuration bits
11 = Primary Oscillator Disabled
10 = HS mode
01 = XT Mode
00 = EC Mode
bit 7 IESO: Internal External Clock Switchover Select bit
1 = Internal External Clock Switchover mode enabled; Two-Speed Start-up mode
0 = Internal External Clock Switchover mode disabled; Single-Speed Start-up mode
bit 5 FSOSCEN: Secondary Oscillator Enable bit

1 = Enable secondary oscillator
0 = Disable secondary oscillator
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REGISTER 4-7: DEVCFG1 BOOT CONFIGURATION REGISTER
bit 2-0 FNOSC<2:0>: CPU Clock Oscillator Select bits

111 = Fast RC Oscillator with divide-by-N (FRCDIV)

110 = FRC Divided by 16 (FRCDIV16)

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL (XTPLL, HSPLL, or ECPLL)
010 = Primary Oscillator without PLL (XT, HS, or EC)

001 = Fast RC Oscillator with PLL

000 = Fast RC Oscillator (FRC)
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REGISTER 4-8: DEVCFG2 BOOT CONFIGURATION REGISTER

r-1 r-1 r-1 r-1 r-1 r-1 r-1 r-1
bit 31 bit 24
r-1 r-1 r-1 r-1 r-1 R/P-1 R/P-1 R/P-1
— — — — — FPLLODIV<2:0>
bit 23 bit 16
R/P-1 r-1 r-1 r-1 r-1 R/P-1 R/P-1 R/P-1
FUPLLEN — — — — FUPLLIDIV<2:0>
bit 15 bit 8
r-X R/P-1 R/P-1 R/P-1 r-x R/P-1 R/P-1 R/P-1
— FPLLMULT<2:0> — FPLLIDIV<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 18-16 FPLLODIV<2:0>: Default postscaler for PLL.

111 = PLL output divided by 256

110 = PLL output divided by 64

101 = PLL output divided by 32

100 = PLL output divided by 16

011 = PLL output divided by 8

010 = PLL output divided by 4

001 = PLL output divided by 2

000 = PLL output divided by 1 (default setting)

bit 15 FUPLLEN: USB PLL Enable bit

00 = Enable USB PLL
00 = Disable and bypass USB PLL
bit 10-8 FUPLLIDIV<2:0>: PLL Input Divider bits
000 = 1x divider
001 = 2x divider
010 = 3x divider
011 = 4x divider
100 = 5x divider
101 = 6x divider
110 = 10x divider
111 = 12x divider
bit 6-4 FPLLMULT<2:0>: Default PLL Multiplier Value bits
111 = 24x multiplier
110 = 21x multiplier
101 = 20x multiplier
100 = 19x multiplier
011 = 18x multiplier
010 = 17x multiplier
001 = 16x multiplier
000 = 15x multiplier
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REGISTER 4-8: DEVCFG2 BOOT CONFIGURATION REGISTER
bit 2-0 FPLLIDIV<2:0>: Default PLL Input Divider Value bits

111 = Divide by 12

110 = Divide by 10

101 = Divide by 6

100 = Divide by 5

011 = Divide by 4

010 = Divide by 3

001 = Divide by 2

000 = Divide by 1

DS61143D-page 68 Prelimin ary © 2008 Microchip Technology Inc.



PIC32MX3XX/4XX

4.2 Operation: Clock Generation and
Clock Sources

The PIC32MX3XX/4XX device has two internal clocks:
CPU clock and PB clock. They are derived from the
currently selected clock source. The clock source can
be chosen from the 4 available internal or external
clock sources. Some of these clock sources have
Phase Locked Loops (PLLs), programmable output
dividers, or input dividers to scale the input frequency
to suit the application. The clock source can be
changed on-the-fly by software. The oscillator control
register is locked by hardware, it must be unlocked by
a series of writes before software can perform a clock
switch.

There are three main clocks in the PIC32MX3XX/4XX
device:
» The System Clock (SYSCLK) used by CPU and
some peripherals
» The Peripheral Bus Clock (PBCLK) used by most
peripherals
e The USB Clock (USBCLK) used by USB
peripheral
The PIC32MX3XX/4XX clocks are derived from one of
the following sources:
e Primary Oscillator (POSC) on the OSCI and
OSCO pins
» Secondary Oscillator (SOSC) on the SOSCI and
SOSCO pins
« Internal Fast RC Oscillator (FRC)
« Internal Low-Power RC Oscillator (LPRC)
Each of the clock sources has unique configurable
options, such as a PLL, input divider and/or output
divider, that are detailed in their respective sections.
There are up to four internal clocks, depending on the
specific device. The clocks are derived from the
currently selected oscillator source.

Note:  Clock sources for peripherals that use
external clocks, such as the RTCC and
Timer 1, are covered in their respective
sections.
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421 SYSTEM CLOCK (SYSCLK)
GENERATION

The SYSCLK is the primary clock used by the CPU and
select peripherals such as DMA, Interrupt Controller,
and Prefetch Cache. The SYSCLK is derived from one
of the four clock sources: POSC, SOSC, FRC, or
LPRC. Some of the clock sources have specific clock
multipliers and/or divider options. No clock scaling is
applied other than the user specified values. The
SYSCLK source is selected by the device configuration
and can be changed by software during operation. The
ability to switch clock sources during operation allows
the application to reduce power consumption by reduc-
ing the clock speed. Refer to Table 4-5 for a list of SYS-
CLK sources.

TABLE 4-5: CLOCK SELECTION CONFIGURATION BIT VALUES

Oscillator Mode O;g:lrit:r POSCMD<1:0> llzzl\lil(())séc(::% Notes
Fast RC Oscillator with Postscaler (FRCDIV) Internal XX 111 1,2
Fast RC Oscillator divided by 16 (FRCDIV16) Internal XX 110 1
Low-Power RC Oscillator (LPRC) Internal XX 101 1
Secondary (Timerl/RTCC) Oscillator (SOSC) Secondary XX 100 1
Primary Oscillator (HS) with PLL Module Primary 10 011 3
(HSPLL)
Primary Oscillator (XT) with PLL Module Primary 01 011 3
(XTPLL)
Primary Oscillator (EC) with PLL Module Primary 00 011 3
(ECPLL)
Primary Oscillator (HS) Primary 10 010
Primary Oscillator (XT) Primary 01 010
Primary Oscillator (EC) Primary 00 010
Fast RC Oscillator with PLL Module Internal 10 001 1,4
(FRCPLL)
Fast RC Oscillator (FRC) Internal XX 000 1

Note 1: OSCO pin function as PBCLK out or Digital I/O is determined by the OSCIOFNC Configuration bit. When
the pin is not required by the Oscillator mode it may be configured for one of these noted options.

2: Default Oscillator mode for an unprogrammed (erased) device.

3:  When using the PLL modes the input divider must be chosen such that resulting frequency applied to the
PLL is in the range of 4 MHz to 5 MHz.

4: In this mode, the PLL input divider is forced to ‘2’ to provide a 4 MHz input to the PLL. This parameter
cannot be modified and satisfies the requirements described in Note 3.
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4.2.1.1 Primary Oscillator (POSC)

The POSC has six operating modes, as summarized in
Table 4-6. The first three modes can each be combined
with a PLL module to form the last three modes.
Figure 4-2, Figure 4-3, and Figure 4-4 show various
POSC configurations. The primary oscillator is con-
nected to the OSCI and OSCO pins of the device fam-
ily. The primary oscillator can be configured for an
external clock input, or an external crystal or resonator.

The XT, XTPLL, HS, and HSPLL modes are External
Crystal or Resonator Controller Oscillator modes. The
XT and HS modes are functionally very similar. The pri-
mary difference is the gain of the internal inverter of the
oscillator circuit (see Figure 4-2). The XT mode is a
medium-power, medium-frequency mode and has
medium inverter gain. HS mode is higher power and
provides the highest oscillator frequencies and has the
highest inverter gain. OSCO provides crystal/resonator
feedback in both XT and HS Oscillator modes and
hence is not available for use as a input or output in
these modes. The XTPLL and HSPLL modes have a
Phase Locked Loop (PLL) with user selectable input

divider, multiplier, and output divider to provide a wide
range of output frequencies. The oscillator circuit will
consume more current when the PLL is enabled.

The External Clock modes, EC and ECPLL, allow the
system clock to be derived from an external clock
source. These modes configure the OSCI pin as a
high-impedance input that can be driven by a CMOS
driver. The external clock can be used to drive the sys-
tem clock directly (EC) or the ECPLL module with pres-
cale and postscaler can be used to change the input
clock frequency (ECPLL). The External Clock modes
also disable the internal feedback buffer, allowing the
OSCO pin to be used for other functions. In External
Clock mode, the OSCO pin can be used as an addi-
tional device 1/0 pin (see Figure 4-4) or as a PBCLK
output pin (see Figure 4-3).

Note:  When using PLL modes, the input divider
must be chosen such that the resulting
frequency applied to the PLL is in the
range of 4 MHz to 5 MHz.

TABLE 4-6: PRIMARY OSCILLATOR OPERATING MODES
Oscillator Mode |Description

HS 10 MHz-40 MHz crystal
XT 3.5 MHz-10 MHz resonator
EC External clock input (0-80 MHZz)

HSPLL 10 MHz-40 MHz crystal, PLL enabled

XTPLL 4 MHz-10 MHz resonator, PLL enabled

ECPLL External clock input (5-80 MHz), PLL enabled

Note: The clock applied to the CPU after applicable prescalers, postscalers, and PLL multipliers must not exceed
the maximum allowable processor frequency.

FIGURE 4-2: CRYSTAL OR CERAMIC RESONATOR OPERATION (XT, XTPLL, HS, OR HSPLL
OSCILLATOR MODE)
| oscl : &Internal Logic
ci | |
f« 1 XTAL Enable
= 0OSsCco
—|
c2®
PIC32MX3XX/4XX
Note 1: A series resistor, Rs, may be required for AT strip cut crystals.
2:  The internal feedback resistor, RF, is typically in the range of 2 to 10 MQ.
3:  Refer to the “PIC32MX Family Reference Manual” (DS61132) for help determining the best oscillator components.
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FIGURE 4-3: EXTERNAL CLOCK INPUT
OPERATION WITH
CLOCK-OUT (EC, ECPLL

MODE)

Clock from oscl
Ext. System

PIC32MX3XX/4XX
PBCLK -e—— OSCO (Clock Out)

FIGURE 4-4: EXTERNAL CLOCK INPUT
OPERATION WITH NO
CLOCK-OUT (EC OR

ECPLL MODE)

Clock from > »| OSCI
Ext. System

PIC32MX3XX/4XX
/0 <-—» |/O (OSCO)

421.2 Primary Oscillator (POSC)
Configuration

To configure the POSC, the following steps should be
performed:

1. Select POSC as the default oscillator in the
device Configuration register, DEVCFG1, by
setting FNOSC<2:0> = 010, without PLL; or
FNOSC<2:0> =011, with PLL.

2. Select the desired mode (HS, XT, or EC), using
POSCMD<1:0> in the DEVCFG1 register.

3. Ifthe PLL is to be used:

a) Select the appropriate Configuration bits for
the PLL input divider to scale the input
frequency to be between 4 MHz and 5 MHz
using FPLLIDIV<2:0> in the DEVCFG2
register.

b) Select the desired PLL multiplier ratio using
FPLLMULT<2:0> in the DEVCFG2 register.

c) At runtime, select the desired PLL output
divider using OSCCON<29:27> in the
PLLODIV register to provide the desired
clock frequency. The default value is set by
the DEVCFG1 register.

4.2.1.3 Oscillator Start-up Timer

In order to ensure that a crystal oscillator (or ceramic
resonator) has started and stabilized, an Oscillator
Start-up Timer (OST) is provided. The OST is a simple
10-bit counter that counts 1024 Tosc cycles before
releasing the oscillator clock to the rest of the system.
This time-out period is designated as TosT. The ampli-
tude of the oscillator signal must reach the ViL and VIH
thresholds for the oscillator pins before the OST can
begin to count cycles.

The TosT interval is required every time the oscillator
has to restart (i.e., on POR, BOR and wake-up from
Sleep mode). The Oscillator Start-up Timer is applied to
the XT and HS modes for the primary oscillator, as well
as the secondary oscillator, see Section 4.2.1.5 “ Sec-
ondary Oscillator (SOSC)".

DS61143D-page 72

Preliminary

© 2008 Microchip Technology Inc.



PIC32MX3XX/4XX

4.2.1.4 System Clock Phase Locked Loop
(PLL)

The system clock PLL provides a user configurable
input divider, multiplier, and output divider which can be
used with the XT, HS and EC Primary Oscillator modes
and with the Internal Fast RC Oscillator (FRC) mode to
create a variety of clock frequencies from a single clock
source.

The Input divider, multiplier, and output divider control
initial value bits are contained in the in the DEVCFG2
device Configuration register. The multiplier and output
divider bits are also contained in the OSCCON register.
As part of a device Reset, values from the device con-
figuration register, DEVCFG2, are copied to the
OSCCON register. This allows the user to preset the
input divider to provide the appropriate input frequency
to the PLL and set an initial PLL multiplier when pro-
gramming the device. At runtime the multiplier, divider
and output divider can be changed by software to scale
the clock frequency to suit the application. The PLL
input divider cannot be changed at run time. This is to
prevent applying an input frequency outside the speci-
fied limits to the PLL.

To configure the PLL the following steps are required:

1. Calculate the PLL input divider, PLL multiplier,
and PLL output divider values.

2. Setthe PLL input divider and the initial PLL mul-
tiplier value in the DEVCFG2 register when pro-
gramming the part.

3. At runtime the PLL multiplier and PLL output
divider can be changed to suit the application.

Combinations of PLL input divider, multiplier and output
divider provide a combined multiplier of approximately
0.006 to 24 times the input frequency. For reliable oper-
ation the output of the PLL module must not exceed the
maximum clock frequency of the device. The PLL input
divider value should be chosen to limit the input fre-
quency to the PLL to the range of 4 MHz to 5 MHz.

Due to the time required for the PLL to provide a stable
output, a Status bit LOCK (OSCCON<5>) is provided.
When the clock input to the PLL is changed, this bit is
driven low (‘0’). After the PLL has achieved a lock or the
PLL start-up timer has expired, the bit is set. The bit will
be set upon the expiration of the timer even if the PLL
has not achieved a lock.
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TABLE 4-7: NET MULTIPLIER OUTPUT FOR SELECTED PLL AND OUTPUT DIVIDER VALUES

Multiplier | Postscaler Multi;’::?ctation PI_<L2(:)OIZIV PL<L2'\:/|OU>LT Multiplier | Postscaler Multi;’::?ctation PI;LZ%EIV PL<L2I\:AOU>LT
factor factor
15 1 15 ‘000’ ‘000’ 15 16 .938 ‘100’ ‘000’
16 1 16 ‘000’ ‘001’ 16 16 1 ‘100’ ‘oor’
17 1 17 ‘000’ ‘010’ 17 16 1.063 ‘100’ ‘010’
18 1 18 ‘000’ ‘011’ 18 16 1.125 ‘100 ‘011’
19 1 19 ‘000’ ‘100’ 19 16 1.188 ‘100’ ‘100’
20 1 20 ‘000’ ‘101’ 20 16 1.250 ‘100 101’
21 1 21 ‘000’ ‘110° 21 16 1.313 ‘100’ 110°
24 1 24 ‘000’ ‘111’ 24 16 1.5 ‘100 111’
15 2 7.5 ‘001’ ‘000 15 32 .4688 ‘101’ ‘000’
16 2 8 ‘001’ ‘0071’ 16 32 5 ‘101’ ‘oor’
17 2 8.5 ‘001’ ‘010’ 17 32 .5313 ‘101’ ‘010’
18 2 9 ‘001’ ‘011 18 32 .5625 ‘101 ‘011
19 2 9.5 ‘001’ ‘100’ 19 32 .5938 ‘101’ ‘100’
20 2 10 ‘001’ ‘101’ 20 32 .6250 ‘101 ‘101
21 2 10.5 ‘001’ ‘110’ 21 32 .6563 ‘101 110’
24 2 12 ‘001’ ‘111’ 24 32 .7500 ‘101 111’
15 4 3.75 ‘010’ ‘000’ 15 64 234 ‘110° ‘000’
16 4 4 ‘010’ ‘001’ 16 64 .250 ‘110° ‘oor’
17 4 4.25 ‘010’ ‘010’ 17 64 .266 110° ‘010’
18 4 4.5 ‘010 ‘01r 18 64 .281 ‘110° ‘011
19 4 4.75 ‘010’ ‘100’ 19 64 .297 ‘110’ 100’
20 4 5 ‘010’ ‘101’ 20 64 313 ‘110’ 101’
21 4 5.25 ‘010’ ‘110° 21 64 .328 ‘110° 110°
24 4 6 ‘010’ ‘111’ 24 64 375 ‘110’ 111’
15 8 1.875 ‘o1r ‘000’ 15 256 .05859 111 ‘000’
16 8 2 ‘011 ‘001’ 16 256 .06250 1171 ‘oor’
17 8 2.125 ‘011 ‘010’ 17 256 .06641 ‘1117 ‘010’
18 8 2.250 ‘011 ‘01r 18 256 .07031 ‘111’ ‘011
19 8 2.375 ‘011’ ‘100’ 19 256 .07422 ‘111’ ‘100’
20 8 25 ‘011 ‘101 20 256 .07813 ‘1117 ‘101
21 8 2.625 ‘011 ‘110° 21 256 .08203 ‘111’ 110°
24 8 3 ‘011’ ‘111’ 24 256 .09375 ‘111’ 111’
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4.2.1.4.1 PLL Lock Status

The LOCK bit (OSCCON<5>) is a read-only Status bit
that indicates the lock status of the PLL. It is automati-
cally set after the typical time delay for the PLL to
achieve lock, also designated as TLock. If the PLL
does not stabilize properly during start-up, LOCK may
not reflect the actual status of PLL lock, nor does it
detect when the PLL loses lock during normal opera-
tion.

The LOCK bit is cleared at a Power-on Reset and on
clock switches when the PLL is selected as a destina-
tion clock source. It remains clear when any clock
source not using the PLL is selected.

Refer to the Electrical Characteristics section in the
specific device data sheet for further information on the
PLL lock interval.

4.2.1.4.2 USB PLL Lock Status

The ULOCK bit (OSCCON<6>) is a read-only status bit
that indicates the lock status of the USB PLL. It is auto-
matically set after the typical time delay for the PLL to
achieve lock, also designated as TLock. If the PLL
does not stabilize properly during start-up, LOCK may
not reflect the actual status of PLL lock, nor does it
detect when the PLL loses lock during normal opera-
tion.

The ULOCK bit is cleared at a Power-on Reset. It
remains clear when any clock source not using the PLL
is selected.

Refer to the Electrical Characteristics section in the
specific device data sheet for further information on the
PLL lock interval.

4.2.1.4.3 Primary Oscillator Start-up from Sleep
Mode

To ensure reliable wake-up from Sleep, care must be
taken to properly design the primary oscillator circuit.
This is because the load capacitors have both partially
charged to some quiescent value and phase differential
at wake-up is minimal. Thus, more time is required to
achieve stable oscillation. Remember also that low-
voltage, high temperatures and the lower frequency
clock modes also impose limitations on loop gain,
which in turn, affects start-up.

Each of the following factors increases the start-up

time:

» Low-frequency design (with a Low Gain Clock
mode)

* Quiet environment (such as a battery operated
device)

» Operating in a shielded box (away from the noisy
RF area)

« Low voltage
* High temperature
* Wake-up from Sleep mode

4.2.1.5 Secondary Oscillator (SOSC)

The Secondary Oscillator (SOSC) is designed specifi-
cally for low-power operation with a external
32.768 kHz crystal. The oscillator is located on the
SOSCO and SOSCI device pins and serves as a sec-
ondary crystal clock source for low-power operation. It
can also drive Timerl and/or the Real-Time Clock/Cal-
endar module for Real-Time Clock applications.

4.2.1.5.1 Enabling the SOSC Oscillator

The SOSC is hardware enabled by the FSOSCEN
Configuration bit (DEVCFG1<5>). Once SOSC is
enabled, software can control it by modifying SOSCEN
bit (OSCCON<1>). Setting SOSCEN enables the oscil-
lator; the SOSCO and SOSCI pins are controlled by the
oscillator and cannot be used for port I/O or other func-
tions.

Note:  An unlock sequence is required before a
write to OSCCON can occur. Refer to
Section 4.2.6.2 “Oscillator Switching
Sequence” for more information.

The Secondary Oscillator requires a warm-up period
before it can be used as a clock source. When the oscil-
lator is enabled, a warm-up counter increments to
1024. When the counter expires the SOSCRDY
(OSCCON<22>)is setto ‘1.

4.2.1.5.2 SOSC Continuous Operation

The SOSC is always enabled when SOSCEN
(OSCCONK<1>) is set. Leaving the oscillator running at
all times allows a fast switch to the 32 kHz system clock
for lower power operation. Returning to the faster main
oscillator will still require an oscillator start-up time if it
is a crystal type source and/or uses the PLL.

In addition, the oscillator will need to remain running at
all times for Real-Time Clock applications and may be
required for Timer1l.
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EXAMPLE 4-1: ENABLING THE SOSC
SYSKEY = 0x12345678; /1 ensure OSCCON is |ocked
SYSKEY = 0xAA996655; /1 Wite Keyl to SYSKEY
SYSKEY = 0x556699AA; Il Wite Key2 to SYSKEY
/1 OSCCON i s now unl ocked
/'l make the desired change
OSCCONSET = 2; /'l request clock swtch

/1 Rel ock the SYSKEY
SYSKEY = 0x12345678; /1 Wite any value other than Keyl or Key2
/1 OSCCON is rel ocked

4.2.1.6 Internal Fast RC Oscillator (FRC)

The FRC oscillator is a fast (8 MHz nominal), user trim-
mable, internal RC oscillator with user selectable input
divider, PLL multiplier, and output divider.

4.2.1.6.1 FRC Postscaler Mode (FRCDIV)

Users are not limited to the nominal 8 MHz FRC output
if they wish to use the fast internal oscillator as a clock
source. An additional FRC mode, FRCDIV, implements
a selectable output divider that allows the choice of a
lower clock frequency from 7 different options, plus the
direct 8 MHz output. The output divider is configured
using the FRCDIV<2:0> bits (OSCCON<26:24>).
Assuming a nominal 8 MHz output, available lower fre-
quency options range from 4 MHz (divide-by-2) to
31 kHz (divide-by-256). The range of frequencies
allows users the ability to save power at any time in an
application by simply changing the FRCDIV bits. The
FRCDIV mode is selected whenever the COSC bits
(OSCCON<14:12>) are ‘111".

4.2.1.6.2 FRC Oscillator with PLL Mode (FRCPLL)

The output of the FRC may also be combined with a
user selectable PLL multiplier and output divider to pro-
duce a SYSCLK across a wide range of frequencies.
The FRC PLL mode is selected whenever the COSC
bits (OSCCON<14:12>) are ‘001"

Note: In this mode, the PLL input divider is
forced to ‘2’ to provide a 4 MHz input to the
PLL. This parameter cannot be modified.

The desired PLL multiplier and output divider values
can be chosen to provide the desired device frequency

4.2.1.6.3 Oscillator Tune Register (OSCTUN)

The FRC Oscillator Tuning register OSCTUN allows
the user to fine tune the FRC oscillator over a range of
approximately +12% (typical). Each bit increment or
decrement changes the factory calibrated frequency of
the FRC oscillator by a fixed amount.

42.1.7 Internal Low-Power RC Oscillator
(LPRC)

The LPRC oscillator is separate from the FRC. It oscil-
lates at a nominal frequency of 31.25 kHz. The LPRC
oscillator is the clock source for the Power-up Timer
(PWRT), Watchdog Timer (WDT), Fail Safe Clock Mon-
itor (FSCM) and PLL reference circuits. It may also be
used to provide a low-frequency clock source option for
the device in those applications where power
consumption is critical, and timing accuracy is not
required.
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4.2.1.7.1 Enabling the LPRC Oscillator

Since it serves the PWRT clock source, the LPRC
oscillator is disabled at Power-on Reset whenever the
on-board voltage regulator is enabled. After the PWRT
expires, the LPRC oscillator will remain on if any one of
the following is true:

* The Fail-Safe Clock Monitor is enabled.
* The WDT is enabled.

« The LPRC oscillator is selected as the system
clock (COSC2:COSCO = 100).

If none of the above is true, the LPRC will shut off after
the PWRT expires.

4.2.2 PERIPHERAL BUS CLOCK (PBCLK)
GENERATION

The PBCLK is derived from the System Clock (SYS-
CLK) divided by PBDIV<1:0> (OSCCON<20:19>). The
PBCLK Divisor bits PBDIV<1:0> allow postscalers of
1:1, 1:2, 1:4, and 1:8. Refer to the individual peripheral
module section(s) for information regarding which bus
a specific peripheral uses.

Notes: When the PBDIV divisor is set to a ratio of
‘1:1’ the SYSCLK and PBCLK are equiva-
lent in frequency. The PBCLK frequency is
never greater than the processor clock fre-
quency.

The effect of changing the PBCLK fre-
guency on individual peripherals should be
taken into account when selecting or
changing the PBDIV value.

Performing back-to-back operations on
PBCLK peripheral registers when the PB
divisor is not set at 1:1 will cause the CPU
to stall for a number of cycles. This stall
occurs to prevent an operation from occur-
ring before the pervious one has com-
pleted. The length of the stall is
determined by the ratio of the CPU and
PBCLK and synchronizing time between
the two busses.

Changing the PBCLK frequency has no
effect on the SYSCLK peripherals
operation.

4.2.3 USB Clock (USBCLK)
Generation

The USBCLK can be derived from 8 MHz internal FRC
oscillator, 48 MHz POSC, or 96 MHz PLL from POSC.
For normal operation, the USB module requires exact
48 MHz clock. When using 96 MHz PLL, the output is
internally divided to obtain 48 MHz clock. The FRC
clock source is used to detect USB activity and bring
USB module out of SUSPEND mode. Once USB mod-
ule is out of SUSPEND mode, it starts using any of two
48 MHz clock sources. The internal FRC oscillator is
not used for normal USB module operation.

4.2.3.0.1 USB Clock Phase Locked Loop (UPLL)

The USB clock PLL provides a user configurable input
divider which can be used with the XT, HS and EC pri-
mary oscillator modes and with the Internal Fast RC
Oscillator (FRC) mode to create a variety of clock fre-
guencies from a clock source. The actual source must
be able to provide stable clock as required by the USB
specifications.

The UPLL enable and Input divider bits are contained
in the in the DEVCFG2 device configuration register.
The input to the UPLL must be limited to 4 MHz only.
Appropriate input divider must be selected to ensure
that the UPLL input is 4 MHz.

To configure the UPLL the following steps are required:

1. Enable USB PLL by setting FUPLLEN bit in
DEVCFG2 register.

2. Based on the source clock, calculate the UPLL
input divider value such that the PLL input is 4
MHz

3. Setthe UPLL input divider FUPLLIDIV bits in the
DEVCFG2 register when programming the part.

4.2.3.0.2 USB PLL Lock Status

The ULOCK bit (OSCCON<6>) is a read-only status bit
that indicates the lock status of the USB PLL. Itis auto-
matically set after the typical time delay for the PLL to
achieve lock, also designated as Ty gck. If the PLL
does not stabilize properly during start-up, ULOCK may
not reflect the actual status of PLL lock, nor does it
detect when the PLL loses lock during normal opera-
tion.

The ULOCK bit is cleared at a Power-on Reset. It
remains clear when any clock source not using the PLL
is selected.

Refer to the Electrical Characteristics section in the
specific device data sheet for further information on the
USB PLL lock interval.
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4.2.3.0.3 Using Internal FRC Oscillator with USB

The internal 8 MHz FRC oscillator is available as a
clock source to detect any USB activity during USB
SUSPEND mode and bring the module out of the SUS-
PEND mode. To enable FRC for USB usage, the
UFRCEN bit (OSCCON<2>) must be set ‘1’ before put-
ting USB module to SUSPEND mode.

4.2.4 TWO-SPEED START-UP

Two-Speed Start-up mode can be used to reduce the
device start-up latency when using all External Crystal
POSC modes, including PLL. Two-Speed Start-up uses
the FRC clock as the SYSCLK source until the Primary
Oscillator (POSC) has stabilized. After the user
selected oscillator has stabilized, the clock source will
switch to POSC. This allows the CPU to begin running
code, at a lower speed, while the oscillator is stabiliz-
ing. When the POSC has met the start-up criteria an
automatic clock switch occurs to switch to POSC. This
mode is enabled by the device Configuration bits
FCKSM<1:0> (DEVCFG1<15:14>). Two-Speed Start-
up operates after a Power-on Reset (POR) or exit from
SLEEP. Software can determine the oscillator source
currently in use by reading the COSC<2:0> bits in the
OSCCON register.

Note: The Watchdog Timer (WDT), if enabled,
will continue to count at the same rate
regardless of the SYSCLK frequency.
Care must be taken to service the WDT
during Two-Speed Start-up, taking into
account the change in SYSCLK.

425 FAIL-SAFE CLOCK MONITOR
OPERATION

The Fail-Safe Clock Monitor (FSCM) is designed to
allow continued device operation if the current oscilla-
tor fails. It is intended for use with the Primary Oscillator
(POSC) and automatically switches to the FRC oscilla-
tor if a POSC failure is detected. The switch to the Fast
Internal RC Oscillator (FRC) oscillator allows continued
device operation and the ability to retry the POSC or to
execute code appropriate for a clock failure.

The FSCM mode is controlled by the FCKSM<1:0> bits
in the device Configuration register, DEVCFG1. Any of
the POSC modes can be used with FSCM.

When a clock failure is detected with FSCM enabled
and the FSCM Interrupt Enable bit FSCMIE
(IEC1<14>) set, the clock source will be switched from
POSC to FRC. An Oscillator Fail interrupt will be gen-
erated, with the CF bit (OSCCON<3>) set. This inter-
rupt has a user-settable priority FSCMIP<2:0>
(IPC8<12:10>) and  subpriority FSCMIS<1:0>
(IPC8<9:8>). The clock source will remain FRC until a
device Reset or a clock switch is performed. Failure to
enable the FSCM interrupt will not inhibit the actual
clock switch.

The FSCM module takes the following actions when
switching to the FRC oscillator:

1. The COSC bhits (OSCCON<14:12>) are loaded
with ‘000’.

2. The CF OSCCON<3> bit is set to indicate the
clock failure

3. The OSWEN control bit (OSCCON<0>) is
cleared to cancel any pending clock switches.

To enable FSCM the following steps should be
performed:

1. Enable the FSCM in the device Configuration
register, DEVCFG1, by configuring the
FCKSM<1:0> bits to ‘00"

01 = Clock Switching is enabled, FSCM is
disabled
00 = Clock Switching and FSCM are enabled

2. Select the desired mode HS, XT, or EC using
FNOSC<2:0> in DEVCFGL1.

3. Select POSC as the default oscillator in the
device Configuration register, DEVCFG1 by
configuring FNOSC<2:0> = 010 without PLL or
011 with PLL.

If the PLL is to be used:

1. Select the appropriate Configuration bits for
the PLL input divider to scale the input fre-
quency to be between 4 MHz and 5 MHz
using FPLLIDIV<2:0> (DEVCFG2<2:0>).

Note:  When using FRCPLL mode, the PLL input
divider is forced to ‘2’ to provide a 4 MHz
input to the PLL. This parameter cannot be
modified.

2. Select the desired PLL multiplier using FPLL-
MULT<2:0> (DEVCFG2<6:4>).

3. Select the desired PLL output divider using
FPLLODIV<2:0> (DEVCFG2<18:16>).

If a FSCM interrupt is desired when a FSCM event
occurs, the following steps should be performed during
start-up code:

1. Clear the FSCM interrupt bit FSCMIF
(IFS1<14>).

2. Set the Interrupt priority FSCMIP<2:0>
(IPC8<12:10>) and subpriority FSCMIS<1:0>
(IPC8<9:8>).

3. Set the FSCM Interrupt Enable bit FSCMIE
(IEC1<14>)

Note: The Watchdog Timer, if enabled, will con-
tinue to count at the same rate regardless
of the SYSCLK frequency. Care must be
taken to service the WDT after a Fail-Safe
Clock Monitor event, taking into account
the change in SYSCLK.
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4251 FSCM Delay

On a POR, BOR or wake from Sleep mode event, a
nominal delay (TFscMm) may be inserted before the
FSCM begins to monitor the system clock source.
Refer to Section 5.0 “Resets” for FSCM delay timing
information.

The TrscM interval is applied whenever the FSCM is
enabled and the HS, HSPLL, XT, XTPLL, or SOSC
Oscillator modes are selected as the system clock.

Note: Please refer to the Electrical
Characteristics  section for Trscwm

specification values.

4.25.2 FSCM and Slow Oscillator Start-up

A slow oscillator start-up will not generate a FSCM
event. The FSCM does not begin monitoring until the
source to be monitored is running. If the oscillator does
not start-up the device will not run due to the lack of a
clock source. To detect the failure and prevent this the
user should use Two-Speed Start-Up to allow the
device to run using the FRC oscillator while the POSC
oscillator starts up. The COSC<2:0> bits can then be
polled to test for the clock switch to POSC. Refer to
Section 4.2.4 “Two-Speed Start-up” for further infor-
mation.

4253 FSCM and Slow Clock Sources

Use of the FSCM with slow clock sources (below 100
kHz) is not recommended. Slow clock sources may
cause the FSCM to incorrectly detect a clock failure
event.

4254 FSCM and WDT

The FSCM and the WDT both use the LPRC oscillator
as their time base. In the event of a clock failure, the
WDT is unaffected and continues to run.

4.2.6 CLOCK SWITCHING OPERATION

With few limitations, applications are free to switch
between any of the four clock sources (POSC, SOSC,
FRC and LPRC) under software control and at any
time. To limit the possible side effects that could result
from this flexibility, PIC32MX3XX/4XX devices have a
safeguard lock built into the switch process.

Note:  Primary Oscillator mode has three differ-
ent submodes (XT, HS and EC) which are
determined by the POSCMD Configura-
tion bits in DEVCFG1. While an applica-
tion can switch to and from Primary
Oscillator mode in software, it cannot
switch between the different primary sub-
modes without reprogramming the device.

Note:  The device does not prevent changing the
PLL postscaler or multiplier values on the
clock source that is in use. The device will
not permit direct switching between PLL
clock sources. The user should not
change the PLL multiplier values or post-
scaler values when running from the
affected PLL source. To perform either of
the above clock switching functions, the
clock switch should be performed in two
steps. The clock source should first be
switched to a non-PLL source, such as
FRC, and then switched to the desired
source. This requirement only applies to
PLL-based clock sources.

426.1 Enabling Clock Switching

To enable clock switching, the FCKSM1 Configuration
bit (DEVCFG1<15>) must be programmed to ‘0’. If the
FCKSM1 Configuration bit is unprogrammed (= 1), the
clock switching function and Fail-Safe Clock Monitor
function are disabled. This is the default setting.

The NOSC control bits (OSCCON<10:8>) do not con-
trol the clock selection when clock switching is dis-
abled. However, the COSC bits (OSCCON<14:12>)
will reflect the clock source selected by the FNOSC
Configuration bits.

The OSWEN control bit (OSCCON<0>) has no effect
when clock switching is disabled. It is held at ‘0’ at all
times.

4.2.6.2 Oscillator Switching Sequence

At a minimum, performing a clock switch requires the
following sequence:

1. If desired, read the COSC<2:0> bits
(OSCCON<14:12>) to determine the current
oscillator source.

2. Perform the unlock sequence to allow a write to
the OSCCON register. The unlock sequence
has critical timing requirements and should be
performed with interrupts and DMA disabled.

3. Write the appropriate value to the NOSC<2:0>
control bits (OSCCON<10:8>) for the new
oscillator source.

4. Set the OSWEN bit (OSCCON<0>) to initiate
the oscillator switch.

5. Optionally perform the lock sequence to lock the
OSCCON. The lock sequence must be per-
formed separately from any other operation.

Once the basic sequence is completed, the system
clock hardware responds automatically as follows:

1. The clock switching hardware compares the
COSC<2:0> Status bits with the new value of
the NOSC control bits. If they are the same, then
the clock switch is a redundant operation. In this
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case, the OSWEN bit is cleared automatically
and the clock switch is aborted.

2. The new oscillator is turned on by the hardware
if it is not currently running. If a crystal oscillator
must be turned on, the hardware will wait until
the Oscillator Start-up timer (OST) expires. If the
new source is using the PLL, then the hardware

4.2.6.3 Clock Switching Considerations

When incorporating clock switching into an application,
users should keep certain things in mind when
designing their code.

e The SYSLOCK unlock sequence is timing critical.
The two Key values must be written back-to-back

waits until a PLL lock is detected (LOCK = 1).

with no in-between peripheral register access. To
prevent unintended peripheral register accesses,

3. The hardware clears the Q.SWEN bit t(.) _|nd|cate it is recommended that all interrupts and DMA

a successful clock transition. In addition, the transfers are disabled

NOSC bit values are transferred to the COSC ] ' )

Status bits * The system will not relock automatically. The user

' . o should perform the relock sequence as soon after

4. The old c!ock source is turned off at this time if the clock switch as is possible.

the clock is not being used by any modules. .

» The unlock sequence unlocks other registers
- - such as the those related to Real-Time Clock
Note:  The processor will continue to execute

code throughout the clock switching
sequence. Timing-sensitive code should
not be executed during this time.

The following is a recommended code sequence for a

clock switch:

1.

Disable interrupts and DMA prior to the system
unlock sequence.

control.

If the destination clock source is a crystal oscilla-
tor, the clock switch time will be dictated by the
oscillator start-up time.

If the new clock source does not start, or is not
present, the OSWEN bit will remain set.

A clock switch to a different frequency will affect
the clocks to peripherals. Peripherals may require
reconfiguration to continue operation at the same

2. Execute the system unlock sequence by writing rate as they did before the clock switch occurred.
the Key ~values  of OxAA996655 and « If the new clock source uses the PLL, a clock
0x556699AA to the SYSKEY register in two . . . ' .
back-to-back assembly or ‘C’ instructions. switch will n.ot occur until lock has been achieved.

3. Write the new oscillator source value to the : .If the WDT is _used_, care must be taken to ensure
NOSC control bits. it can be serviced in a timely manner at the new

L ) clock rate.

4. Set the OSWEN bit in the OSCCON register to
initiate the clock switch. Note:  The application should not attempt to

5. Write a non-key value (such as 0x12345678) to switch to a clock with a frequency lower
the SYSKEY register to perform a lock. Con- than 100 kHz when the Fail-Safe Clock
tinue to execute code that is not clock-sensitive Monitor is enabled. Clock switching in
(optional). these instances may generate a false

6. Check to see if OSWEN is ‘0". If it is, the switch oscillator fail event and result in a switch to
was successful. Loop until the bit is ‘0. the Internal Fast RC oscillator.

7. Re-enable interrupts and DMA.

Note:  The device does not prevent changing the
Notes: There are no timing requirements for the PLL postscaler or multiplier values on the

steps other than the initial back-to-back
writing of the Key values to perform the
unlock sequence.

The unlock sequence unlocks all registers
that are secured by the lock function. It is
recommended that amount to time is the
system is unlock is kept to a minimum. The
core sequence for unlocking the OSCCON
register and initiating a clock switch is
shown in Example 4-2.

clock source that is in use. The device will
not permit direct switching between PLL
clock sources. The user should not
change the PLL multiplier values or post-
scaler values when running from the
affected PLL source. To perform either of
the above clock switching functions, the
clock switch should be performed in two
steps. The clock source should first be
switched to a non-PLL source, such as
FRC, and then switched to the desired
source. This requirement only applies to
PLL-based clock sources.

DS61143D-page 80

Preliminary

© 2008 Microchip Technology Inc.




PIC32MX3XX/4XX

PERFORMING A CLOCK SWITCH

EXAMPLE 4-2:
SYSKEY = 0x0;
SYSKEY = 0xAA996655;

/'l make the
OSCCONCLR
OSCCONSET
OSCCONSET

SYSKEY = 0x556699AA;
/1 OSCCON i s now unl ocked

desired change
7 << 8;

7 << 8,

1:

/1 note: clock switching nmust be enabled in the device configuration

/1
/1
/1

/1
/1
/1

wite invalid key to force | ock
Wite Keyl to SYSKEY
Wite Key2 to SYSKEY

clear the clock select bits
set the new cl ock source to FRC
request clock swtch

/'l Rel ock the SYSKEY

/1 OSCCON is rel ocked

SYSKEY = 0x0; /1 Wite any val ue other than Keyl or Key2

4.2.6.4 Entering Sleep Mode During a Clock

Switch

If the device enters Sleep mode during a clock switch
operation, the clock switch operation is aborted. The
processor keeps the old clock selection and the
OSWEN bit (OSCCON<0>) is cleared. The WAI T
instruction is then executed normally.

4265 SOSC Control

The SOSC can be used by modules, as well as the
CPU. Therefore, the SOSC is controlled by a combina-
tion of software and hardware. Setting the SOSCEN bit
(OSCCON<1>) to a ‘1’ enables the SOSC. The SOSC
is disabled when it is not being used by the CPU mod-
ule and the SOSCEN bit is ‘0". If the SOSC is being

used as SYSCLK, such as after a clock switch, it can-
not be disabled by writing to the SOSCEN bhit. If the
SOSC is enabled by the SOSCEN bit, it will continue to
operate when the device is in SLEEP. To prevent inad-
vertent clock changes the OSCCON register is locked.
It must be unlocked prior to software enabling or
disabling the SOSC.

4.3 Input/Output Pins

The pins used by the POSC and SOSC are shared by
other peripherals modules. Table shows the function of
these shared pins in the available oscillator modes.
When the pins are not used by a oscillator they are
available for use as general 1/0O pins or by use by a
peripheral sharing the pin.

TABLE 4-8: CONFIGURATION OF PINS ASSOCIATED WITH THE OSCILLATOR MODULE
Pin Name Clock Mode Configuration Bit Fleld® TRIS Pin Type
OSCl HS, HSPLL, XT, XTPLL COSC<2:0>, POSCMD<1:0> X osC
OSCO HS, HSPLL, XT, XTPLL COSC<2:0>, POSCMD X osc
OSClI EC, ECPLL COSC<2:0>, POSCMD X CLock IN
OSCO EC, ECPLL COSC<2:0>, POSCMD, X PBCLK Out
OSCOFNC
OSCO EC, ECPLL COSC<2:0>, POSCMD, INPUT INPUT
OSCOFNC
OSCO EC, ECPLL COSC<2:0>, POSCMD, OuTPUT OuTPUT
OSCOFNC
N/A FRC, FRCPLL, FRCDIV16, FRCDIV, LPRC COSC<2:0> X GPIO
N/A FRC, FRCPLL, FRCDIV16, FRCDIV, LPRC COSC<2:0> X GPIO
N/A FRC, FRCPLL, FRCDIV16, FRCDIV, LPRC COSC<2:0> X GPIO
N/A FRC, FRCPLL, FRCDIV16, FRCDIV, LPRC COSC<2:0> X GPIO
SOSCI SOSC COSC<2:0> X osC
SOSCO SOSC COSC<2:0> X oscC

Note 1: During device start-up, the device oscillator configuration data is copied from device configuration to
COSC.
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431 OSCI AND OSCO PIN FUNCTIONS
IN NON-EXTERNAL OSCILLATOR
MODES

When the primary oscillator (POSC) on OSCI and
OSCO is not configured as a clock source the OSCI pin
is automatically reconfigured as a digital 1/O. In this
configuration, as well as when the primary oscillator is
configured for EC mode (POSCMD1:POSCMDO = 00),
the OSCO pin can also be configured as a digital I/0 by
programming the OSCIOFCN Configuration bit.

When OSCIOFCN is unprogrammed (‘1’), a PBCLK is
available on OSCO for testing or synchronization pur-
poses. With OSCIOFCN programmed (‘0’), the OSCO
pin becomes a general purpose I/O pin. In both of these
configurations, the feedback device between OSCI and
OSCO is turned off to save current.

4.3.2 SOSCI AND SOCI PIN FUNCTIONS
IN NON-EXTERNAL OSCILLATOR
MODES

When the secondary oscillator (SOSC) on SOSCI and
SOSCO pinis not configured as a clock source the pins
are automatically reconfigured as a digital 1/0.
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5.0 RESETS

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

The Reset module combines all Reset sources and
controls the device Master Reset signal, SYSRST. The
following is a list of device Reset sources:

¢ POR: Power-on Reset

- MCLR: Master Clear Reset Pin

* SWR: Software Reset

« WDTR: Watchdog Timer Reset

« BOR: Brown-out Reset

* CMR: Configuration Mismatch Reset

A simplified block diagram of the Reset module is
shown in Figure 5-1.

FIGURE 5-1: SYSTEM RESET BLOCK DIAGRAM
MCLR
IE {}c Glitch Filter MCLR
SLEEP or IDLE . WDTR
Voltage Time out
Regulator
Enabled

SYSRST
VDD

VDD Rise
Detect
Brown-out BOR
Reset

Configuration

Mismatch

Reset CMR
SWR

Software Reset
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5.1 Reset Registers

TABLE 5-1: RESET SFR SUMMARY

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF80_F600 RCON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — CMR VREGS
7:0 EXTR SWR — WDTO SLEEP IDLE BOR POR
BF80_F604 | RCONCLR 31:0 Write clears selected bits in RCON, read yields undefined value
BF80_F608 | RCONSET 31:0 Write sets selected bits in RCON, read yields undefined value
BF80_F60C | RCONINV 31:0 Write inverts selected bits in RCON, read yields undefined value
BF80_F610 RSWRST 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 — — — — — — — SWRST
BF80_F614 | RSWRSTCLR | 31:0 Write clears selected bits in RSWRST, read yields undefined value
BF80_F618 | RSWRSTSET | 31:0 Write sets selected bits in RSWRST, read yields undefined value
BF80_F61C | RSWRSTINV | 31:0 Write inverts selected bits in RSWRST, read yields undefined value
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REGISTER 5-1: RCON: RESET CONTROL REGISTER®)

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-0 R/W-0 R/W-0
— — — — — — CMR VREGS
bit 15 bit 8
R/W-0 R/W-0 r-x R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
EXTR SWR — WDTO SLEEP IDLE BOR POR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-10 Reserved: Write ‘0’; ignore read
bit 9 CMR: Configuration Mismatch Flag bit
1 = A Configuration Mismatch Reset has occurred
0 = A Configuration Mismatch Reset has not occurred
Note: This bit is set in hardware, it can only be cleared (= 0) in software.
bit 8 VREGS: Voltage Regulator Standby Enable bit
1 = Regulator will be active during Sleep
0 = Regulator will go to Standby mode during Sleep
bit 7 EXTR: External Reset (MCLR) Pin Flag bit
1 = A Master Clear (pin) Reset has occurred
0 = A Master Clear (pin) Reset has not occurred
Note: This bit is set in hardware, it can only be cleared (= 0) in software.
bit 6 SWR: Software Reset Flag bit
1 = A Software Reset was executed
0 = A Software Reset was not executed
Note: This bit is set in hardware, it can only be cleared (= 0) in software.
bit 5 Reserved: Write ‘0’; ignore read
bit 4 WDTO: Watchdog Timer Time-out Flag bit
1 =WDT time-out has occurred
0 = WDT time-out has not occurred
Note: This bit is set in hardware, it can only be cleared (= 0) in software.
bit 3 SLEEP: Wake From Sleep Flag bit
1 = Device was in Sleep mode
0 = Device was not in Sleep mode
Note: This bit is set in hardware, it can only be cleared (= 0) in software.
Note 1: User must clear this bit to view next detection.
2: BOR is also set after a Power-on Reset.
3: The RCON flag bits only serve as status bits. Setting a particular Reset status bit in software will not cause

a device Reset to occur.
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REGISTER 5-1: RCON: RESET CONTROL REGISTER®) (CONTINUED)

bit 2
bit 1
bit 0

Note 1:

2:

3:

IDLE: Wake-up From Idle Flag bit

1 = Device was in Idle mode
0 = Device was not in Idle mode

Note: This bit is set in hardware, it can only be cleared (= 0) in software.

BOR: Brown-out Reset Flag bit(:2)

1 = A Brown-out Reset has occurred.
0 = A Brown-out Reset has not occurred

Note: This bit is set in hardware, it can only be cleared (= 0) in software.

POR: Power-on Reset Flag bit®)

1 = A Power-on Reset has occurred
0 = A Power-on Reset has not occurred

Note: This bit is set in hardware, it can only be cleared (= 0) in software.
User must clear this bit to view next detection.
BOR is also set after a Power-on Reset.

The RCON flag bits only serve as status bits. Setting a particular Reset status bit in software will not cause
a device Reset to occur.
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REGISTER 5-2: RSWRST: SOFTWARE RESET REGISTER
r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
bit 15 bit 8
r-x r-x r-x r-x r-x r-x r-x W-0
— — — — — — — SWRST
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit

P = Programmable bit
-n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

r = Reserved bit

bit 31-1
bit 0

Reserved: Write ‘0’; ignore read

SWRST: Software Reset Trigger bit

1 = Enable software Reset event

0 = Has no effect
Note: The system unlock sequence must be performed before the SWRST bit can be written. A
read must follow the write of this bit to generate a Reset.
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5.2 Reset Modes

The PIC32MX3XX/4XX internal device Reset signal is
SYSRST and can be generated from multiple Reset
sources, such as POR (Power-on Reset), BOR
(Brown-out Reset), MCLR (Master Clear Reset),
WDTO (Watchdog Time-out Reset), SWR (Software
Reset) and CMR (Configuration Mismatch Reset). A
Reset source sets a corresponding status bit in the
RCON register to indicate the type of Reset (see
Register 5-1). A system Reset is active at first the POR
and asserted until device configuration settings are
loaded and the clock oscillator sources become stable.
The system Reset is then deasserted allowing the CPU
to start fetching code after 8 system clock cycles (SYS-
CLK).

521 POWER-ON RESET (POR)

A power-on event generates an internal Power-On
Reset pulse when a VDD rise is detected above VPOR.
The device supply voltage characteristics must meet
the specified starting voltage and rise rate require-
ments to generate the POR pulse. In particular, VDD
must fall below VPOR before a new POR is initiated. For
more information on the VPOR and VDD rise rate speci-
fications, refer to Section 30.0 “Electrical Character-
istics” of this device family data sheet.

5.2.2 MCLR RESET (EXTR)

Whenever the MCLR pin is driven low, the device asyn-
chronously asserts SYSRST provided the input pulse on
MCLR is longer than a certain minimum width, as spec-
ified in Section 30.0 “Electrical Characteristics” of
this device family data sheet.

MCLR provides a filter to minimize the effects of noise
and to avoid unwanted Reset conditions. The EXTR bit
(RCONK<7>) is set to indicate the MCLR Reset.

EXAMPLE 5-1:

5.2.3 SOFTWARE RESET (SWR)

The PIC32MX3XX/4XX CPU core doesn’t provide a
specific RESET “instruction”; however, a hardware
Reset can be performed in software (Software Reset)
by executing a Software Reset command sequence:

» Write the system unlock sequence

* Set bit, SWRST (RSWRST<0>) = 1

+ Read RSWRST register — Reset occurs
 Follow with “while(1);” or 4 “NOP” instructions

Writing a ‘1’ to the RSWRST register sets bit SWRST,
arming the Software Reset. The subsequent read of
the RSWRST register triggers the Software Reset,
which should occur on the next clock cycle following
the read operation. To ensure no other user code is
executed before the Reset event occurs, it is recom-
mended that 4 ‘NOP’ instructions or a “while(1);” state-
ment be placed after the READ instruction.

The SWR Status bit (RCON<6>) is set to indicate the
Software Reset.

SOFTWARE RESET COMMAND SEQUENCE

/] assune interrupts are disabled

/1 assune the DVA controller is suspended
/1 assune the device is |ocked

/* performa system unl ock sequence */

// starting critical sequence

SYSKEY = 0xAA996655 //write keyl to SYSKEY
SYSKEY = 0x556699AA //wite key2 to SYSKEY
/1 OSCCON is now unl ocked

/* set SWRST bit to armreset */

RSWRSTSET = 1;

/* read RSWRST register to trigger reset */
unsi gned int dummy;
dummy = RSWRST;

/* The followi ng code illustrates a software Reset */

SYSKEY = 0x12345678; //wite invalid key to force |ock

/* prevent any unwanted code execution until reset occurs*/
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5.2.4  WATCHDOG TIMER TIME-OUT
RESET (WDTR)

A Watchdog Timer time-out causes the device Reset,
SYSRST, to be asserted asynchronously. Note that a
WDT time-out during SLEEP or IDLE mode will wake-up
the processor and branch to the PIC32MX3XX/4XX
Reset vector, but not reset the processor. The only bits
affected are WDTO and the SLEEP or IDLE bits in the
RCON register. For more information, refer to Section
26.0 “Watchdog Timer”.

Note: In this document, a distinction is made
between a power mode as it is used in a
specific module, and a power mode as it is
used by the device, e.g., Sleep mode of the
comparator and SLEEP mode of the CPU.
To indicate which type of power mode is
intended, uppercase and lowercase letters
(Sleep, Idle, Debug) signify a module
power mode, and all uppercase letters
(SLEEP, IDLE, DEBUG) signify a device
power mode.

5.25 BROWN-OUT RESET (BOR)

PIC32MX3XX/4XX devices have a simple brown-out
capability. If the voltage supplied to the regulator is inad-
equate to maintain a regulated level, the regulator Reset
circuitry will generate a Brown-out Reset. This event is
captured by the BOR flag bit (RCON<1>). Refer to
Section 30.2 “AC Characteristics and Timing Param-
eters” for further details.

5.2.6 CONFIGURATION MISMATCH
RESET

To maintain the integrity of the stored configuration val-
ues, all device Configuration bits are implemented as a
complementary set of register bits. For each bit, as the
actual value of the register is written as ‘1’, a comple-
mentary value, ‘0’, is stored into its corresponding
background register and vice versa. The bit pairs are
compared every time, including Sleep mode. During
this comparison, if the Configuration bit values are not
found opposite to each other, a Configuration Mismatch
event is generated which causes a device Reset.

If a device Reset occurs as a result of a Configuration
Mismatch, the CM bit (RCON<9>) is set.

53 Reset States

53.1 SPECIAL FUNCTION REGISTER
RESET STATES

Most of the Special Function Registers (SFRs) associ-
ated with the PIC32MX3XX/4XX CPU and peripherals
are reset to a particular value at a device Reset. Refer
to the corresponding data sheet section for a periph-
eral's SFR details. The Reset value for each SFR will
depend on the type of Reset.

53.2 CONFIGURATION WORD
REGISTER RESET STATES

All Reset conditions force the Flash Configuration
Word registers to be re-loaded. However, a POR forces
Flash Configuration Word registers to be reset prior to
being reloaded. For all other Reset conditions, the
Flash Configuration Word registers are not reset prior
to being re-loaded. This difference accommodates
MCLR assertions during Debug mode without affecting
the state of the debug operations.

© 2008 Microchip Technology Inc.
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5.3.3 RCON REGISTER STATES

Status bits from the RCON register are set or cleared
differently in different Reset situations, as indicated in
Table 5-2. The RCON bits only serve as status bits. The
user may set or clear any of the bits at any time during
code execution. Setting a particular Reset bit in
software will not cause a device Reset to occur. The
RCON register also has other bits associated with the
Watchdog Timer and device power-saving states.

TABLE 5-2: STATUS BITS, INITIALIZATION CONDITION FOR RCON REGISTER

x| x| O 0| w r | x
Condition Program Counter ; = E | 5' % (e} @)
L (@] = d = o0 o
Power-on Reset O0xBFC0_0000 0 0 0 0 0 0 1 1
Brown-out Reset 0 0 0 0 0 0 1 0
MCLR During Run Mode 1 u u u u u u u
MCLR During Idle Mode 1 u u u [ 1@ | u u u
MCLR During Sleep Mode 1 u u | 1@ u u u
Software Reset Command u 1 u u u u u u
Configuration Word u u u u u 1 u u
Mismatch Reset
WDT Time-out Reset u u 1 u u u u u
During Run Mode
WDT Time-out Reset u u 1 u [ 1@ | u u u
During Idle Mode
WDT Time-out Reset u u 1 (1@ | u u u u
During Sleep Mode
Interrupt Exit from Idle Mode Vector® u u | 0| u 1@ u | u|u
Interrupt Exit from Sleep Mode u u 0 | 1@ | u u u u

Legend: u =unchanged
Note 1: Depends on Interrupt source.

2: SLEEP and IDLE bits states defined by previously executed WAI T instruction.

5.4 Using the RCON Status Bits

The user can read the RCON register after any device
Reset to determine the cause of the Reset. The status
bits in the RCON register should be cleared after they
are read so that the next RCON register value after a
device Reset will be meaningful.
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TABLE 5-3: RESET FLAG BIT OPERATION
Flag Bit Set by: Cleared by:
POR (RCON<0>) POR User Software
BOR (RCON<1>) POR, BOR User Software
EXTR (RCON<7>) MCLR Reset User Software, POR, BOR

SWR (RCON<6>)

Software Reset Command

User Software, POR, BOR

CMR (RCON<9>

Configuration Mismatch

User Software, POR, BOR

WDTO (RCON<4>)

WDT Time-Out

User Software, POR, BOR

SLEEP (RCON<3>)

WAI T Instruction

User Software, POR, BOR

IDLE (RCON<2>)

WAI T Instruction

User Software, POR, BOR

Note:

541

DEVICE RESET TO CODE

EXECUTION START TIME

The delay between the end of a Reset event and when
the device actually begins to execute code is determined
by two main factors: the type of Reset and the system
clock source coming out of the Reset. The code execu-
tion start time for various types of device Resets are
characterized in Section 30.2 “AC Characteristics and
Timing Parameters”.

All Reset flag bits may be set or cleared by the user software.

TABLE 5-4: CODE EXECUTION START TIME FOR VARIOUS DEVICE RESETS
Reset Type Clock Source Power-Up Delay()©) Sy;;?g(%l(gfk FSCM Delay(®
POR EC, FRC, FRCDIV, LPRC (TPU OR TPWRT) + TSYSDLY — —
ECPLL, FRCPLL (TPU OR TPWRT) + TSYSDLY TLock TFscm
XT, HS, SOSC (TPU OR TPWRT) + TSYSDLY TosT TFSCM
XTPLL, HSPLL (TPU OR TPWRT) + TSYSDLY TOST + TLOCK TFscm
BOR EC, FRC, FRCDIV, LPRC TsysDLY — —
ECPLL, FRCPLL TsysDLY TLock TFscm
XT, HS, SOSC TsYSDLY TosT TFscM
XTPLL TsYSDLY TosT + TLOCK TFscM
MCLR, CMR, |Any Clock TSYSDLY — _
SWR, WDTO
Note 1. Tpru = Power-up Period with on-chip regulator enabled.

2:  TPwRT = Power-up Period (POWER-UP TIMER) with on-chip regulator disabled.

Note:

TsyspLy = Time required to reload Device Configuration Fuses plus 8 SYSCLK cycles.
TosT = Oscillator Start-up Timer.
TLock = PLL lock time.

TrscM = Fail-Safe Clock Monitor delay.

For parameter specifications, see Section 30.2 “AC Characteristics and Timing Parameters.”
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55 Interrupts

There are no interrupts for this module.

5.6 I/0O Pin Control

There are not I/O pin controls associated with this
module.
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6.0 MEMORY ORGANIZATION

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

PIC32MX3XX/4XX microcontrollers provides 4 GB of
unified virtual memory address space. All memory
regions including program, data memory, SFRs, and
Configuration registers reside in this address space at
their respective unique addresses. The program and
data memories can be optionally partitioned into user
and kernel memories. In addition, the data memory can
be made executable, allowing PIC32MX3XX/4XX to
execute from data memory.

Key Features:

» 32-bit native data width
« Separate User and Kernel mode address space
* Flexible program Flash memory partitioning

* Flexible data RAM partitioning for data and
program space

» Separate boot Flash memory for protected code

» Robust bus exception handling to intercept
runaway code.

» Simple memory mapping with Fixed Mapping
Translation (FMT) unit

« Cacheable and non-cacheable address regions

6.1 PIC32MX3XX/4XX Memory Layout

PIC32MX3XX/4XX microcontrollers implement two
address spaces: Virtual and Physical. All hardware
resources such as program memory, data memory and
peripherals are located at their respective physical
addresses. Virtual addresses are exclusively used by
the CPU to fetch and execute instructions as well as
access peripherals. Physical addresses are used by
peripherals such as DMA and Flash controller that
access memory independently of CPU.

The entire 4 GB virtual address space is divided into
two primary regions — user and kernel space. The lower
2 GB of space forms the User mode segment, called
useg/kuseg. The upper 2 GB of virtual address space
forms the kernel-only space. The kernel space is
divided into four segments of 512 MB each: kseg O,
kseg 1, kseg 2 and kseg 3. Only Kernel mode applica-
tions can access kernel space memory. The peripheral
registers are only visible through kernel space.

The Fixed Mapping Translation (FMT) unit translates
the memory segments into corresponding physical
address regions. A virtual memory segment may also
be cached, provided the cache module is available on
the device. Please note that the kseg 1 memory seg-
ment is not cacheable, while kseg 0 and useg/kuseg
are cacheable.
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FIGURE 6-1: VIRTUAL TO PHYSICAL FIXED MEMORY MAPPING
Virtual Memory Map Physical Memory Map
OxFFFFFFFF 7/ y// OxFFFFFFFF
™
O]
w
7]
<
N
O]
; / /A
0xC0000000 /A Internal RAM
(User Partition) 0xBF000000
/A + BMXDUDBA
OXBEC00000 Internal Boot Flash /)
} 7
g Internal Flash
Internal Peripherals (User Partition) 0xBDO00000
- 0xBF800000 L L + BMXPUPBA
o YIS 7
% Internal Program Flash /
X 0xBDOO0000O “| OX4FFFFFFF
SIS SIS SIS S SIS,
OXAFFFFFFF Reserved Reserved
o 0x40000000
OxAD000000 Internal RAM /
(SIS SIS SIS SIS
0x9FC00000 ' Internal Boot Flash
7
3 A
% 0x9D000000 Internal Program Flash
< SIS SIS I I I IS S
OXx8FFFFFFF Reserved é
Int | RAM
0x80000000 nerna Internal Boot Flash 01FC00000
I, o
Internal RAM (User Internal Peripherals
o 0x7F000000 Partition) I 0x1F800000
w
% //////////// Internal Program Flash
N4 Program Flash (User 0x1D000000
@ 0x7D000000+ Partition) A,
@ BMXPUPBA //////////// Resorved OXOFFFFFFF
OxOFFFFFFF BMXDUDBA
Reserved Internal RAM
0x00000000 0x00000000
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6.2 Bus Matrix Registers
TABLE 6-1: BUS MATRIX REGISTER SUMMARY

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_2000 | BMXCON |31:24 — — — — — BMX- — —
CHEDMA
23:16 — — — BMXERRIXI |BMXERRICD BMX- BMXERRDS | BMXERRIS
ERRDMA
15:8 — — — — — — — —
7:0 — BMXWSDRM — — — BMXARB<2:0>
BF88_2004 | BMXCON- | 31:0 Write clears selected bits in BMXCON, read yields undefined value
CLR
BF88_2008 | BMXCON- | 31:0 Write sets selected bits in BMXCON, read yields undefined value
SET
BF88_200C | BMXCON- | 31:0 Write inverts selected bits in BMXCON, read yields undefined value
INV
BF88_2010 |BMXDKPBA | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 BMXDKPBA<15:8>
7:0 BMXDKPBA<7:0>
BF88_2014 BMX- 31:0 Write clears selected bits in BMXDKPBA, read yields undefined value
DKPBACLR
BF88_2018 BMX- 31:0 Write sets selected bits in BMXDKPBA, read yields undefined value
DKPBASET
BF88_201C BMX 31:0 Write inverts selected bits in BMXDKPBA, read yields undefined value
DKPBAINV
BF88_2020 [BMXDUDBA | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 BMXDUDBA<15:8>
7:0 BMXDUDBA<7:0>
BF88_2024 BMX- 31:0 Write clears selected bits in BMXDUDBA, read yields undefined value
DUDBACLR
BF88_2028 BMX- 31:0 Write sets selected bits in BMXDUDBA, read yields undefined value
DUDBASET
BF88_202C BMX- 31:0 Write inverts selected bits in BMXDUDBA, read yields undefined value
DUDBAINV

BF88 2030 | BMX |3L:24 — — — — — — — —
DUPBA  [53:16

15:8 BMXDUPBA<15:8>
7:0 BMXDUPBA<7:0>
BF88_2034 BMX 31:0 Write clears selected bits in BMXDUPBA, read yields undefined value
DUPBACLR
BF88_2038 BMX 31:0 Write sets selected bits in BMXDUPBA, read yields undefined value
DUPBASET
BF88_203C BMX 31:0 Write inverts selected bits in BMXDUPBA, read yields undefined value
DUPBAINV
BF88_2040 [BMXDRMSZ| 31:24 BMXDRMSZ<31:24>
23:16 BMXDRMSZ<23:16>
15:8 BMXDRMSZ<15:8>
7:0 BMXDRMSZ<7:0>
BF88_2050 |[BMXPUPBA | 31:24 — — — — — — — —
23:16 — — — — BMXPUPBA<19:16>
15:8 BMXPUPBA<15:8>
7:0 BMXPUPBA<7:0>
BF88_2060 | BMXPFMSZ | 31:24 BMXPFMSZ<31:24>
23:16 BMXPFMSZ<23:16>
15:8 BMXPFMSZ<15:8>
7:0 BMXPFMSZ<7:0>
BF88_2070 BMX- 31:24 BMXBOOTSZ<31:24>
BOOTSZ (3316 BMXBOOTSZ<23:16>
15:8 BMXBOOTSZ<15:8>
7:0 BMXBOOTSZ<7:0>
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REGISTER 6-1: BMXCON: BUS MATRIX CONFIGURATION REGISTER
r-x r-x r-x r-x r-x R/W-0 r-x r-x
— — = — — BMX- — =
CHEDMA
bit 31 bit 24
r-x r-x r-x R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — BMXERRIXI | BMXER- BMX- BMX- BMXERRIS
RICD ERRDMA ERRDS
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
bit 15 bit 8
r-x R/W-1 r-x r-x r-x R/W-0 R/W-0 R/W-0
— BMXWS- — — — BMXARB<2:0>
DRM
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit r = Reserved bit

-n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)

bit 31-27
bit 26

bit 25-21
bit 20

bit 19

bit 18

bit 17

bit 16

bit 15-7

Reserved: Write ‘0’; ignore read
BMXCHEDMA: BMX PFM Cacheability for DMA Accesses bit
1 = Enable program Flash memory (data) cacheability for DMA accesses
(requires cache to have data caching enabled)
0 = Disable program Flash memory (data) cacheability for DMA accesses
(hits are still read from the cache, but misses do not update the cache)
Reserved: Write ‘0’; ignore read
BMXERRIXI: Enable Bus Error from IXI bit
1 = Enable bus error exceptions for unmapped address accesses initiated from IXI shared bus
0 = Disable bus error exceptions for unmapped address accesses initiated from IXI shared bus
BMXERRICD: Enable Bus Error from ICD Debug Unit bit
1 = Enable bus error exceptions for unmapped address accesses initiated from ICD
0 = Disable bus error exceptions for unmapped address accesses initiated from ICD
BMXERRDMA: Bus Error from DMA bit
1 = Enable bus error exceptions for unmapped address accesses initiated from DMA
0 = Disable bus error exceptions for unmapped address accesses initiated from DMA
BMXERRDS: Bus Error from CPU Data Access bit (disabled in Debug mode)
1 = Enable bus error exceptions for unmapped address accesses initiated from CPU data access
0 = Disable bus error exceptions for unmapped address accesses initiated from CPU data access
BMXERRIS: Bus error from CPU Instruction Access bit (disabled in Debug mode)

1 = Enable bus error exceptions for unmapped address accesses initiated from CPU instruction
access

0 = Disable bus error exceptions for unmapped address accesses initiated from CPU instruction
access

Reserved: Write ‘0’; ignore read
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REGISTER 6-1: BMXCON: BUS MATRIX CONFIGURATION REGISTER (CONTINUED)
bit 6 BMXWSDRM: CPU Instruction or Data Access from Data RAM Wait State bit
1 = Data RAM accesses from CPU have one Wait state for address setup
0 = Data RAM accesses from CPU have zero Wait states for address setup
bit 5-3 Reserved: Write ‘0’; ignore read
bit 2-0 BMXARB<2:0>: Bus Matrix Arbitration Mode bits
111. .. 011 = Reserved (using these Configuration modes will produce undefined behavior)
010 = Arbitration Mode 2
001 = Arbitration Mode 1
000 = Arbitration Mode 0

Note: For detailed descriptions of the arbitration modes, refer to the ‘PIC32MX Family Reference Manual,
Chapter 3. Memory Organization, Section 3.5 Bus Matrix’ (DS61132).
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REGISTER 6-2: BMXDKPBA: DATA RAM KERNEL PROGRAM BASE ADDRESS REGISTER

r-x r-X r-x r-X r-x r-x r-X r-x
bit 31 bit 24
r-X r-X r-x r-X r-x r-x r-x r-x
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
BMXDKPBA<15:8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
BMXDKPBA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-16 Reserved: Write ‘0’; ignore read
bit 15-11 BMXDKPBA<15:11>: DRM Kernel Program Base Address bits
When non-zero, this value selects the relative base address for kernel program space in RAM
bit 10-0 BMXDKPBA<10:0>: Read-Only bits

Value is always ‘0’, which forces 2 KB increments
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REGISTER 6-3: BMXDUDBA: DATA RAM USER DATA BASE ADDRESS REGISTER
r-x r-X r-x r-X r-x r-x r-X r-x
bit 31 bit 24
r-X r-X r-x r-X r-x r-x r-X r-x
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
BMXDUDBA<15:8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
BMXDUDBA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)

bit 31-16 Reserved: Write ‘0’; ignore read
bit 15-11 BMXDUDBA<15:11>: DRM User Data Base Address bits

When non-zero, the value selects the relative base address for User mode data space in RAM

Note:

bit 10-0 BMXDUDBA<10:0>: Read-Only bits
Value is always ‘0’, which forces 2 KB increments

If non-zero, the value must be greater than BMXDKPBA.
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REGISTER 6-4: BMXDUPBA: DATA RAM USER PROGRAM BASE ADDRESS REGISTER

r-x r-X r-x r-X r-x r-x r-X r-x
bit 31 bit 24
r-X r-X r-x r-X r-x r-x r-x r-x
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
BMXDUPBA<15:8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
BMXDUPBA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-16 Reserved: Write ‘0’; ignore read
bit 15-11 BMXDUPBA<15:11>: DRM User Program Base Address bits
When non-zero, the value selects the relative base address for User mode program space in RAM
Note: If non-zero, BMXDUPBA must be greater than BMXDUDBA.
bit 10-0 BMXDUPBA<10:0>: Read-Only bits

Value is always ‘0’, which forces 2 KB increments
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REGISTER 6-5: BMXDRMSZ: DATA RAM SIZE REGISTER

R R R R R R R R
BMXDRMSZ<31:24>
bit 31 bit 24
R R R R R R R R
BMXDRMSZ<23:16>
bit 23 bit 16
R R R R R R R R
BMXDRMSZ<15:8>
bit 15 bit 8
R R R R R R R R
BMXDRMSZ<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-0 BMXDRMSZ: Data RAM Memory (DRM) Size bits

Static value that indicates the size of the Data RAM in bytes:
0x00002000 = device has 8 KB RAM
0x00004000 = device has 16 KB RAM
0x00008000 = device has 32 KB RAM
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REGISTER 6-6: BMXPUPBA: PROGRAM FLASH (PFM) USER PROGRAM BASE ADDRESS

REGISTER
r-x r-X r-x r-X r-x r-x r-X r-x
bit 31 bit 24
r-x r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0
— — — — BMXPUPBA<19:16>
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
BMXPUPBA<15:8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
BMXPUPBA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-20 Reserved: Write ‘0’; ignore read
bit 19-11 BMXPUPBA<19:11>: Program Flash (PFM) User Program Base Address bits
When non-zero, this value selects the PFM relative base address for User mode program space.
bit 10-0 BMXPUPBA<10:0>: Read-Only bits

Value is always ‘0’, which forces 2 KB increments
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REGISTER 6-7: BMXPFMSZ: PROGRAM FLASH (PFM) SIZE REGISTER

R R R R R R R R
BMXPFMSZ<31:24>
bit 31 bit 24
R R R R R R R R
BMXPFMSZ<23:16>
bit 23 bit 16
R R R R R R R R
BMXPFMSZ<15:8>
bit 15 bit 8
R R R R R R R R
BMXPFMSZ<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)

bit 31-0 BMXPFMSZ: Program Flash Memory (PFM) Size bits
Static value that indicates the size of the PFM in bytes:
0x00008000 = device has 32 KB Flash
0x00010000 = device has 64 KB Flash
0x00020000 = device has 128 KB Flash
0x00040000 = device has 256 KB Flash
0x00080000 = device has 512 KB Flash
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REGISTER 6-8: BMXBOOTSZ: BOOT FLASH (IFM) SIZE REGISTER

R R R R R R R R
BMXBOOTSZ<31:24>
bit 31 bit 24
R R R R R R R R
BMXBOOTSZ<23:16>
bit 23 bit 16
R R R R R R R R
BMXBOOTSZ<15:8>
bit 15 bit 8
R R R R R R R R
BMXBOOTSZ<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 BMXBOOTSZ: 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
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6.3 User and Kernel Memory Areas

The two modes of operation of the PIC32MX3XX/4XX
core are User mode and Kernel mode. To support
these modes, the virtual address space is also divided
into two segments, kernel segments and user seg-
ments. The lower 2 gigabytes of virtual addresses form
the User mode partition, and the upper 2 gigabytes
forms the Kernel mode partition.

Most application will run only in Kernel mode. For these
applications, the entire program can reside in the ker-
nel address space providing full access to all
resources.

FIGURE 6-2: USER/KERNEL ADDRESS
SEGMENTS
OxFFFFFFFF
KERNEL
SEGMENTS

(KSEG 0,1,2,3)

0x80000000
Ox7FFFFFFF
USER / KERNEL
SEGMENT
(USEG / KUSEG)
0x00000000
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6.4 PIC32MX3XX/4XX Address Map

Table 6-2 shows the address
PIC32MX3XX/4XX microcontroller.

On reset, the PIC32MX3XX/4XX starts executing code
from OxBFCO_0000 virtual address which reside in the
ksegl segment (non cacheable segment).

map of the

6.4.1 PHYSICAL MEMORY ADDRESS

The Kernel Program Flash address space starts at
physical address 0x1D000000, whereas the user pro-
gram flash space starts at physical address
0xBD000000 + BMXPUPBA register value.

Similarly, the internal RAM is also divided into Kernel
and User partitions. The kernel RAM space starts at
physical address 0x00000000, whereas the User RAM
space starts at physical address 0xBF000000 +
BMXDUDBA register value.

By default the entire Flash memory and RAM are
mapped to the Kernel mode application only.

TABLE 6-2: PIC32MX3XX/4XX ADDRESS MAP
Virtual Addresses Physical Addresses Size in Bytes
Memory Type | Begin Address | End Address Begin Address End Address Calculation
Boot Flash OxBFCO00000 OxBFCO2FFF 0x1FC00000 Ox1FCO2FFF 12 KB
® Program 0xBD000000 0xBD000000 + 0x1D000000 0x1D00000 + BMXPUPBA
g Flash® BMXPUPBA - 1 BMXPUPBA - 1
ﬁ Program 0x9D000000 0x9D000000 + 0x1D000000 0x1D000000 + BMXPUPBA
8 Flash® BMXPUPBA - 1 BMXPUPBA - 1
% RAM (Data) 0x80000000 0x80000000 + 0x00000000 BMXDKPBA - 1 BMXDKPBA
% BMXDKPBA - 1
g RAM (Prog) 0x80000000 + 0x80000000 + BMXDKPBA BMXDUDBA -1 BMXDUDBA -
X BMXDKPBA BMXDUDBA -1 BMXDKPBA
Peripheral 0xBF800000 OxBF8FFFFF 0x1F800000 Ox1F8FFFFF 1 MB
o Program 0x7D000000 + | 0x7D000000 + 0xBD000000 + 0xBD000000 + PFM Size -
§_ Flash BMXPUPBA PFM Size - 1 BMXPUPBA PFM Size - 1 BMXPUPBA
@ RAM (Data) | 0x7F000000 + | 0x7F000000 + 0xBF000000 + 0xBF000000 + BMXDUPBA -
o BMXDUDBA BMXDUPBA - 1 BMXDUDBA BMXDUPBA - 1 BMXDUDBA
©
g RAM (Prog) | 0x7F000000 + | 0x7F000000 + 0xBF000000 + 0xBF000000 + DRM Size -
5 BMXDUPBA | RAM Size® -1 BMXDUPBA RAM Size® - 1 BMXDUPBA
3
Note 1. Program Flash virtual addresses in the non-cacheable range (KSEG1).

2:  Program Flash virtual addresses in the cacheable and prefetchable range (KSEGO).
3:  The RAM size varies between PIC32MX3XX/4XX device family members.
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6.5 Program Flash Memory Wait
States

For optimal performance, PFMWS(CHECON<2:0>)
must be programmed to the minimum value possible.
There are two parameters that determine this value:

Flash Access Time — The Flash access time is
33 nSec for the PIC32MX3XX/4XX processor family.

CPU Core frequency — The Core frequency is
programmable. Care must be taken when changing fre-
guencies to make sure that there are enough Wait
states to prevent any Flash memory access timing
violations.

To determine the required number of Wait states for a
particular core clock frequency, refer to Table 30-11 in
Section 30.0 “Electrical Characteristics” of this data
sheet.

6.6 Program Flash Memory
Partitioning

The Program Flash Memory can be partitioned for User
and Kernel mode programs as shown in Figure 6-3.

At Reset, the User mode partition does not exist
(BMX-PUPBA s initialized to ‘0’). The entire Program
Flash Memory is mapped to Kernel mode program
space starting at virtual address KSEG1: 0xBD000000
(or KSEGO: 0x9D000000). To set up a partition for the
User mode program, initialize BMXPUPBA as follows:

BMXPUPBA = BMXPFMSZ — USER_FLASH_PGM_SZ

The USER_FLASH_PGM_SZ is the partition size of
the User mode program. BMXPFMSZ is the bus matrix
register that holds the total size of Program Flash
Memory.

Example:

Assuming the PIC32MX3XX/4XX device has
512 Kbytes of Flash memory, the BMXPFMSZ will
contain 0x00080000.

To create a user Flash program partition of
20 Kbytes (0x5000):

BMXPUPBA = 0x80000 — 0x5000 = 0x7B000

The size of the user Flash will be 20K and the size left
for the kernel Flash will be 512k — 20k = 492K.

The user Flash partition will extend from 0x7D07B000
to Ox7DO7FFFF (virtual addresses).

The Kernel mode partition always starts from KSEG1.:
0xBD000000 or KSEGO: 0x9D000000. In the above
example, the kernel partition will extend from
0xBD000000 to 0OxBDO7AFFF (492 Kbytes in size).

© 2008 Microchip Technology Inc.
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FIGURE 6-3: FLASH PARTITIONING
Virtual Address Physical Address
KSEGO0: 0x9D000000

+BMXPUPBA x
KSEG1: 0xBD000000 A %
+BMXPUPBA Flash Partition for 2

T

Kernel Program >

(KSEG 0/1) 5

(]

KSEGO: 0x9D000000 0x1D000000 v 3
KSEG1: 0xBD000000 e
y

. [¢]

Optional .

Flash Partition for >

User Program %

(USEG/KUSEG) (]
0x7D000000+ 0xBD000000+ v o
BMXPUPBA BMXPUPBA =

0x00000000

Note 1: Kernel Flash Size = BMXPUPBA
2: User Flash Size = BMXPFMSZ-BMXPUPBA

3: If BMXPUPBA is ‘0’, then:
K Flash Size = BMXPFMSZ (i.e., all the Flash)
Usr Flash Size =0

6.6.1 RAM PARTITIONING

The RAM memory can be divided into 4 partitions.
These are:

1. Kernel Data

2. Kernel Program
3. User Data

4. User Program

In order to execute from data RAM, a kernel or user
program partition must be defined. At Power-on Reset,
the entire data RAM is assigned to the kernel data par-
tition. This partition always starts from the base of the
data RAM. See Figure 6-4 for details.

The registers controlling the RAM partitions are BMXD-
KPBA, BMXDUDBA, and BMXDUPBA. For a detailed
discussion on how to use these registers for partition-
ing the RAM, please refer to the Memory Organization
section of the PIC32MX3XX/4XX Family Reference
Manual (DS61132).
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FIGURE 6-4: RAM PARTITIONING

Virtual Address

KSEGO: 0x80000000

Physical Address

Note 1: Kernel Data RAM Size = BMXDKPBA

Kernel Program RAM Size = 0
User Data RAM Size =0
User Program RAM Size =0

Kernel Program RAM Size = BMXDUDBA — BMXDKPBA
User Data RAM Size = BMXDUPBA — BMXDUDBA
User Program RAM Size = DRM Size — BMXDUPBA

If BMXDKPBA, BMXDUDBA or BMXDUPBA is ‘0’, then:
Kernel Data RAM Size = BMXDRMSZ (i.e., all RAM)

+BMXDUDBA 0x00000000
KSEG1: 0xA0000000 +BMXDUDBA 4
+BMXDUDBA Optional
Kernel Program Partition
KSEG 0/1
KSEGO0: 0x80000000
+BMXDKPBA 0x00000000 v
KSEG1: 0xA0000000 +BMXDKPBA 4
+*BMXDKPBA Kernel Data Partition
KSEG 0/1
KSEGO: 0x80000000 0x00000000
KSEG1: 0xA0000000
A
Optional
User Program RAM Partition
(USEG/KUSEG)
0x7F000000 0xBF000000 v
+BMXDUPBA +BMXDUPBA
Optional
User RAM Partition
(USEG/KUSEG)
0x7F000000 0xBF000000 A
+BMXDUDBA +BMXDUDBA
0x00000000

(1)9%!S Wvd

#)3?%'S Nvd

ereq 1esn  weiboud 19sn

(£)2%'S Nvd

(22%'S Nvd

eleq [aws)  welbold [auiay

6.6.2 ADDRESS DECODE

Table 6-3 shows the address map for system
resources available to the CPU when it is operating in
either User mode or Kernel mode.

Table 6-4 shows the address map for system
resources mapped in KSEGO that are available to the
CPU when it is operating in Kernel mode.

Table 6-5 shows the address map for system
resources mapped in KSEG1 that are available to the
CPU when it is operating in Kernel mode.
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TABLE 6-3: USEG/KUSEG ADDRESS MAP
virtual Physical PIC32MX3XXF032x | PIC32MX3XXF064x | PIC32MX3XXF128x | PIC32MX3XXF256x | PIC32MX3XXF512x
Address Address
0x0000_0000 | 0x4000_0000 RSVD RSVD RSVD RSVD RSVD
0x7D00_0000 + | 0xBD0OO_0000 +
BMXPUPBA - 1 | BMXPUPBA - 1
0x7D00_0000 + | 0xBD0OO_0000 + PFM PFM PFM PFM PFM
BMXPUPBA BMXPUPBA User Program User Program User Program User Program User Program

0x7D00_7FFF

0xBDOO_7FFF

RSVD
0x7D00_FFFF | 0xBDOO_FFFF
RSVD
Ox7D01_FFFF | OxBDO1l_FFFF
RSVD
0x7D03_FFFF | 0xBD0O3_FFFF
RSVD

Ox7D07_FFFF | OxBDO7_FFFF

0x7D08_0000 | 0xBDO8_0000 RSVD
0x7D08_0000 + | 0xBD08_0000 +
BMXDUPBA - 1 | BMXDUPBA - 1
0x7F00_0000 + | OxBF00_0000 + DRM DRM DRM DRM DRM

BMXDUDBA BMXDUDBA User Data User Data User Data User Data User Data
0x7F00_0000 + | OxBF00_0000 +

BMXDUPBA - 1 | BMXDUPBA - 1

0x7F00_0000 + | OxBF00_0000 + DRM DRM DRM DRM DRM

BMXDUPBA BMXDUPBA User Program User Program User Program User Program User Program
Ox7FO0_1FFF | OxBFOO_1FFF DRM=8KB DRM=8KB
RSVD
0x7F00_3FFF | OxBFOO_3FFF DRM=16KB DRM=16KB DRM=16KB
RSVD
0x7F00_7FFF | OxBFOO_7FFF DRM=32KB DRM=32KB DRM=32KB
Ox7F0_8000 OxBFO_8000 RSVD RSVD RSVD

OX7FFF_FFFF | OXBFFF_FFFF
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TABLE 6-4: KSEGO ADDRESS MAP
Virtual Physical PIC32MX3XXF032x | PIC32MX3XXF064x | PIC32MX3XXF128x | PIC32MX3XXF256x | PIC32MX3XXF512x
Address Address
0x8000_0000 0x0000_0000 DRM DRM DRM DRM DRM
Kernel Data Kernel Data Kernel Data Kernel Data Kernel Data
0x8000_0000 + | 0x0000_0000 +
BMXDKPBA - 1 | BMXDKPBA - 1
0x8000_0000 + | 0x0000_0000 + DRM DRM DRM DRM DRM
BMXDKBPA BMXDKBPA Kernel Kernel Kernel Kernel Kernel
Program Program Program Program Program
0x8000_0000 + | 0x0000_0000 +
BMXDUDBA - 1| BMXDUDBA - 1
Note 1 Note 1 Note 1 Note 1 Note 1
0x8000_1FFF | 0x0000_1FFF DRM=8KB DRM=8KB
RSVD
0x8000_3FFF | 0x0000_3FFF DRM=16KB DRM=16KB DRM=16KB
RSVD
0x8000_7FFF | 0x0000_7FFF DRM=32KB DRM=32KB DRM=32KB
RSVD RSVD RSVD
OX9CFF_FFFF | Ox1CFF_FFFF
0x9D00_0000 | 0x1D00_0000 PFM PFM PFM PFM PFM

0x9D00_0000 +

0x1D00_0000 +

Kernel Program

Kernel Program

Kernel Program

Kernel Program

Kernel Program

OX9FFF_FFFF

OX1FFF_FFFF

BMXPUPBA - 1 | BMXPUPBA - 1

Note 2 Note 2 Note 2 Note 2 Note 2
0x9D00_7FFF | 0x1D00_7FFF

RSVD
0x9D00_FFFF | 0x1D00_FFFF

RSVD
0x9D01_FFFF | 0x1DO01_FFFF
RSVD
0x9D03_FFFF | 0x1D03_FFFF
RSVD

0x9D07_FFFF | 0x1DO7_FFFF
0x9D08_0000 | 0x1D08_0000 RSVD
Ox9FBF_FFFF | Ox1FBF_FFFF
0x9FCO0_0000 | 0x1FCO_0000 Boot Flash Boot Flash Boot Flash Boot Flash Boot Flash
0x9FCO_2FFF | 0x1FCO_2FFF
0x9FCO0_3000 | Ox1FCO_3000 RSVD RSVD RSVD RSVD RSVD
Ox9FFF_EFFF | OX1FFF_EFFF
Ox9FFF_F000 | Ox1FFF_F000 Test Flash Test Flash Test Flash Test Flash Test Flash

Note 1: Not available in KSEGO if mapped to USEG/KUSEG (i.e. BMXDUDBA or BMXDUPBA non-zero).
2: Not available in KSEGO if mapped in USEG/KUSEG (i.e. BMXPUPBA non-zero).

© 2008 Microchip Technology Inc.
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0xBD00_0000 +

0x1D00_0000 +

Kernel Program

Kernel Program

Kernel Program

Kernel Program

TABLE 6-5: KSEG1 ADDRESS MAP
Virtual Physical PIC32MX3XXF032x | PIC32MX3XXF064x | PIC32MX3XXF128x | PIC32MX3XXF256x | PIC32MX3XXF512x
Address Address
0xA000_0000 | 0x0000_0000 DRM DRM DRM DRM DRM
Kernel Data Kernel Data Kernel Data Kernel Data Kernel Data
0xA000_0000 + | 0x0000_0000 +
BMXDKPBA - 1 | BMXDKPBA - 1
0xA000_0000 + | 0x0000_0000 + DRM DRM DRM DRM DRM
BMXDKBPA BMXDKBPA Kernel Program Kernel Program Kernel Program Kernel Program Kernel Program
0xA000_0000 + | 0x0000_0000 +
BMXDUDBA -1 | BMXDUDBA - 1
Note 1 Note 1 Note 1 Note 1 Note 1
O0xAO000_1FFF | 0x0000_1FFF DRM=8KB DRM=8KB
RSVD
0OxAO00_3FFF | 0x0000_3FFF DRM=16KB DRM=16KB DRM=16KB
RSVD
O0xA000_7FFF | 0x0000_7FFF DRM=32KB DRM=32KB DRM=32KB
0xA000_8000 | 0x0000_8000 RSVD RSVD RSVD
OXBCFF_FFFF | OX1CFF_FFFF
0xBD00_0000 | 0x1DO00_0000 PFM PFM PFM PFM PFM

Kernel Program

BMXPUPBA - 1 | BMXPUPBA - 1

0xBDO00_0000 + | 0x1D00_0000 + Note 2 Note 2 Note 2 Note 2 Note 2
BMXPUPBA BMXPUPBA

0xBDO0_7FFF | 0x1D00_7FFF

RSVD
0xBDOO_FFFF | 0x1D00_FFFF
RSVD
0xBDO1_FFFF | 0x1D01_FFFF
RSVD
0xBDO3_FFFF | 0x1D03_FFFF
RSVD

0xBDO7_FFFF | 0x1D07_FFFF

0xBD08_0000 | 0x1D08_0000 RSVD
OxBF7F_FFFF | Ox1F7F_FFFF

0xBF80_0000 | 0x1F80_0000 Peripherals Peripherals Peripherals Peripherals Peripherals
OxBF8F_FFFF | Ox1F8F_FFFF

0xBF90_0000 | Ox1F90_0000 RSVD RSVD RSVD RSVD RSVD
0xBFB_FFFF 0x1FB_FFFF

OxBFCO_0000 | 0x1FCO0_0000 Boot Flash Boot Flash Boot Flash Boot Flash Boot Flash
O0xBFCO_2FFF | Ox1FCO_2FFF

0xBFCO_3000 | Ox1FCO_3000 RSVD RSVD RSVD RSVD RSVD
OxBFFF_EFFF | Ox1FFF_EFFF

OxBFFF_F000 | Ox1FFF_F000 Test Flash Test Flash Test Flash Test Flash Test Flash

OXBFFF_FFFF

OX1FFF_FFFF

Note 1: Not available in KSEG1 if mapped to USEG/KUSEG (i.e. BMXDUDBA or BMXDUPBA non-zero).
2: Not available in KSEGL1 if mapped in USEG/KUSEG (i.e. BMXPUPBA non-zero).
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6.6.3 PERIPHERAL REGISTERS

LOCATIONS

Table 6-6 contains the peripheral address map for the
PIC32MX3XX/4XX device. Peripherals located on the
PB Bus are mapped to 512 byte boundaries. Peripher-
als on the FPB Bus are mapped to 4 Kbyte boundaries.

TABLE 6-6: PERIPHERAL ADDRESS TABLE
Virtual Address Physical Address
Peripheral
Start End Start End
WDT BF80_0000 BF80_O01FF 1F80_0000 1F80_O01FF
RTCC BF80_0200 BF80_O03FF 1F80_0200 1F80_O03FF
TMR1 BF80_0600 BF80_07FF 1F80_0600 1F80_07FF
TMR2 BF80_0800 BF80_09FF 1F80_0800 1F80_09FF
TMR3 BF80_0A00 BF80_OBFF 1F80_0A00 1F80_OBFF
TMR4 BF80_0C00 BF80_ODFF 1F80_0C00 1F80_ODFF
TMR5 BF80_0E00 BF80_OFFF 1F80_0EO00 1F80_OFFF
Input Capturel BF80_2000 BF80_21FF 1F80_2000 1F80_21FF
Input Capture2 BF80_2200 BF80_23FF 1F80_2200 1F80_23FF
Input Capture3 BF80_2400 BF80_25FF 1F80_2400 1F80_25FF
Input Capture4 BF80_2600 BF80_27FF 1F80_2600 1F80_27FF
Input Capture5 BF80_2800 BF80_29FF 1F80_2800 1F80_29FF
Output Comparel BF80_3000 BF80_31FF 1F80_3000 1F80_31FF
Output Compare2 BF80_3200 BF80_33FF 1F80_3200 1F80_33FF
Output Compare3 BF80_3400 BF80_35FF 1F80_3400 1F80_35FF
Output Compare4 BF80_3600 BF80_37FF 1F80_3600 1F80_37FF
Output Compare5 BF80_3800 BF80_39FF 1F80_3800 1F80_39FF
12C1 BF80_5000 BF80_51FF 1F80_5000 1F80_51FF
12C2 BF80_5200 BF80_53FF 1F80_5200 1F80_53FF
SPI1 BF80_5800 BF80_59FF 1F80_5800 1F80_59FF
SPI2 BF80_5A00 BF80_5BFF 1F80_5A00 1F80_5BFF
UART1 BF80_6000 BF80_61FF 1F80_6000 1F80_61FF
UART2 BF80_6200 BF80_63FF 1F80_6200 1F80_63FF
Parallel Master Port BF80_7000 BF80_71FF 1F80_7000 1F80_71FF
ADC BF80_9000 BF80_91FF 1F80_9000 1F80_91FF
Comparator Voltage REF BF80_9800 BF80_99FF 1F80_9800 1F80_99FF
Comparator BF80_A000 BF80_A1FF 1F80_A000 1F80_A1FF
Oscillator BF80_F000 BF80_F1FF 1F80_F000 1F80_F1FF
Configuration BF80_F200 BF80_F3FF 1F80_F200 1F80_F3FF
Flash (NVM) BF80_F400 BF80_F5FF 1F80_F400 1F80_F5FF
Reset BF80_F600 BF80_F7FF 1F80_F600 1F80_F7FF
Interrupts BF88_1000 BF88_1FFF 1F88_1000 1F88_1FFF
Bus Matrix BF88_2000 BF88_2FFF 1F88_2000 1F88_2FFF
DMA BF88_3000 BF88_3FFF 1F88_3000 1F88_3FFF
Prefetch Cache BF88_4000 BF88_4FFF 1F88_4000 1F88_4FFF
usB BF88_5000 BF88_53FF 1F88_5000 1F88_53FF
GPIO BF88_6000 BF88_61FF 1F88_6000 1F88_61FF
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NOTES:
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7.0 FLASH PROGRAM MEMORY

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

The PIC32MX3XX/4XX of devices contain internal pro-
gram Flash memory for executing user code. There are
three methods by which the user can program this
memory:

1. Run-Time Self Programming (RTSP)
2. In-Circuit Serial Programming™ (ICSP™)
3. EJTAG Programming

RTSP is performed by software executing from either
Flash or RAM memory. EJTAG is performed using the
EJTAG port of the device and a EJTAG capable pro-
grammer. ICSP is performed using a serial data con-
nection to the device and allows much faster
programming times than RTSP. RTSP techniques are
described in this chapter. The ICSP and EJTAG meth-
ods are described in the “PIC32MX3XX/4XX Program-
ming Specification” (DS61145) document, which may
be downloaded from the Microchip web site.
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7.1 FLASH Controller Registers

TABLE 7-1: FLASH CONTROLLER SFR SUMMARY

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF80_F400 NVMCON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 NVMWR | NVMWREN | NVMERR LVDERR LVDSTAT — — —
7:0 — — — — NVMOP<3:0>
BF80_F404 |[NVMCONCLR| 31:0 Write clears selected bits in NVMCON, read yields undefined value
BF80_F408 |[NVMCONSET | 31:0 Write sets selected bits in NVMCON, read yields undefined value
BF80_F40C |[NVMCON-INV | 31:0 Write inverts selected bits in NVMCON, read yields undefined value
BF80_F410 NVMKEY 31:24 NVMKEY<31:24>
23:16 NVMKEY<23:16>
15:8 NVMKEY<15:8>
7:0 NVMKEY<7:0>
BF80_F420 NVMADDR 31:24 NVMADDR<31:24>
23:16 NVMADDR<23:16>
15:8 NVMADDR<15:8>
7:0 NVMADDR<7:0>
BF80_F424 NVl\éADDR— 31:0 Write clears selected bits in NVMADDR, read yields undefined value
LR
BF80_F428 NVMADDR- 31:0 Write sets selected bits in NVMADDR, read yields undefined value
SET
BF80_F42C NVMADDR 31:0 Write inverts selected bits in NVMADDR, read yields undefined value
INV
BF80_F430 NVMDATA 31:24 NVMDATA<31:24>
23:16 NVMDATA<23:16>
15:8 NVMDATA<15:8>
7:0 NVMDATA<7:0>
BF80_F440 NVMSR- 31:24 NVMSRCADDR<31:24>
CADDR
23:16 NVMSRCADDR<23:16>
15:8 NVMSRCADDR<15:8>
7:0 NVMSRCADDR<7:0>

TABLE 7-2: FLASH CONTROLLER INTERRUPT REGISTER SUMMARY

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit

Address 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
BF88_1070 IEC1 31:24 — — — — — — USBIE FCEIE
BF88_1040 IFS1 31:24 — — — — — — USBIF FCEIF
BF88_1140 IPC11 7:0 — — — FCEIP<2:0> FCEIS<1:0>

Note: This summary table contains partial register definitions that only pertain to the FLASH memory controller peripheral. Refer to
the “PIC32MX Family Reference Manual’ (DS61132) for a detailed description of these registers.
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REGISTER 7-1: NVMCON: PROGRAMMING CONTROL REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
R/W-0 R/W-0 R-0 R-0 R-0 r-x r-x r-x

NVMWR NVMWREN | NVMERR LVDERR LVDSTAT — — —

bit 15 bit 8
r-x r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0
— — — — NVMOP3 NVMOP2 NVMOP1 NVMOPO

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)

bit 31-16 Reserved: Write ‘0’; ignore read

bit 15 NVMWR: Write Control bit

This bit is writable when NVMWREN =1 and the unlock sequence is followed.
1 = Initiate a Flash operation (Hardware clears this bit when the operation completes.)

0 = Flash operation complete or inactive

Note:  Wait at least 500 nsec after detecting a ‘0’ in NVMWR bit before writing to any NVM registers.

bit 14

bit 13

bit 12

bit 11

bit 10-4

NVMWREN: Write Enable bit

1 = Enables writes to NVMWR bit and enables LVD circuit

0 = Disables writes to NVMWR bit and disables LVD circuit

Note: This is the only bit in this register that is reset by a device Reset.
NVMERR: Write Error bit

1 = Program or erase sequence did not complete successfully
0 = Program or erase sequence completed normally

Note: Cleared by setting NVMOP==0000b, and initiating a Flash operation (i.e., N\VMWR).

LVDERR: Low-Voltage Detect Error bit (LVD circuit must be enabled)
This error is only captured for programming/erase operations

1 = Low-voltage detected

0 = Voltage level ok for programming

Note: Cleared by setting NVMOP==0000b, and initiating a Flash operation (i.e., NVMWR).

LVDSTAT: Low-Voltage Detect Status bit (LVD circuit must be enabled)
This bit is read-only and is automatically set by hardware

1 = Low-voltage event active

0 = Low-voltage event NOT active

Note: Cleared by setting NVMOP==0000b, and initiating a Flash operation (i.e., N\VMWR).

Reserved: Write ‘0’; ignore read

© 2008 Microchip Technology Inc. Preliminary
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REGISTER 7-1: NVMCON: PROGRAMMING CONTROL REGISTER (CONTINUED)

bit 3-0 NVMOP<3:0>: NVM Operation bits
0111 = Reserved
0110 = No operation
0101 = Program Flash (PFM) erase operation: erases PFM, if all pages are not write-protected
0100 = Page erase operation: erases page selected by NVMADDR, if it is not write-protected
0011 = Row program operation: programs row selected by NVMADDR, if it is not write-protected
0010 = No operation
0001 = Word program operation: programs word selected by NVMADD,R if it is not write-protected
0000 = No operation

DS61143D-page 118 Preliminary © 2008 Microchip Technology Inc.



PIC32MX3XX/4XX

7.2 RTSP Operation

RTSP allows the user code to modify Flash program
memory contents. The device Flash memory is divided
into two logical Flash partitions: the Program Flash
Memory (PFM), and the Boot Flash Memory (BFM).
The last page in Boot Flash Memory contains the
DEBUG Page, which is reserved for use by the
debugger tool while debugging.

The program Flash array for the PIC32MX3XX/4XX
device is built up of a series of rows. A row contains 128
32-bit instruction words or 512 bytes. A group of 8 rows
compose a page; which, therefore, contains 8 x 512 =
4096 bytes or 1024 instruction words. A page of Flash
is the smallest unit of memory that can be erased at a
single time. The program Flash array can be pro-
grammed in one of two ways:

* Row programming, with 128 instruction words at a
time.

* Word programming, with 1 instruction word at a
time.

The CPU stalls (waits) until the programming opera-
tion is finished. The CPU will not execute any instruc-
tion, or respond to interrupts, during this time. If any
interrupts occur during the programming cycle, they
remain pending until the cycle completes.

Note: A minimum VDD requirement for Flash
erase and write operations is required.
Refer to Section 30.1 “DC Characteris-

tics” for details.

7.3 Control Registers

There are two SFRs used to erase and write the PFM:
NVMCON and NVMKEY.

The NVMCON register (Register 7-1) controls which
blocks are to be erased, which memory block is to be
programmed and the start of the programming cycle.

NVMKEY is a write-only register that is used for write-
protection. To start a programming or erase sequence,
the user must consecutively write OXAA996655 and
0x556699AA to the NVMKEY register. Interrupts should
be disabled. Refer to Section 7.4 “Programming
Operations” for further details.

7.4 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. A programming operation is nominally 5 ms in
duration and the processor stalls (WAI TS) until the
operation is finished. Setting the NVMWR bit (NVM-
CON<15>) starts the operation, and the NVMWR bit is
automatically cleared when the operation is finished.

© 2008 Microchip Technology Inc.
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7.4.1 PROGRAMMING ALGORITHM

The user can program one row of program Flash memory
at a time. To do this, it is necessary to erase the 8-row
erase block containing the desired row. The general
process is:

1. Read eight rows of program memory
(1024 instructions) and store in data RAM.

2. Update the program data in RAM with the
desired new data.

3. Erase the page (see Example 7-1):

4. Write the first 128 words from data RAM into the
program memory buffers (see Example 7-1).

EXAMPLE 7-1: ERASING FLASH PAGE

5. Repeat steps 4 and 5, using the next available
128 words from the block in data RAM by incre-
menting the value in NVMADDR and
NVMASRCADDR, until all 1024 instructions are
written back to Flash memory.

For protection against accidental operations, the write
initiate sequence for NVMKEY must be used to allow
any erase or program operation to proceed. After the
programming command has been executed, the user
must wait for the programming time until programming
is complete.

unsi gned i nt NVMUnl ock (unsigned int nvnop)

{

unsi gned int status;

/'l Suspend or Disable all Interrupts
asmvolatile (“di %" : “=r” (status));

/'l Flash operation to perform
NVMCON = nvnop;

/Il Wite Keys
NVMKEY = OxAA996655;
NVIKEY = 0x556699AA;

NVMCONSET = 0x8000;

/1 Wait for operation to conplete
whi | e (NVMCON & 0x8000) ;

/'l Restore Interrupts
if (status & 0x00000001
asmvolatile (“ei”);
el se
asmvolatile (“di");

return (NVMCON & 0x3000)
}

unsi gned i nt NVMEr asePage(voi d* address)
{
unsigned int res;

NVMADDR = (unsi gned int) address;

/'l Unl ock and Erase Page
res = NVMUnl ock(0x4004);

/1l Return Result
return res;

/1 Enable Flash Wite/Erase Operations and Sel ect

/] Start the operation using the Set Register

/! Return NVMERR and LVDERR Error Status Bits

/1 Set NVMADDR to the Start Address of page to erase
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EXAMPLE 7-2: ROW PROGRAMMING SEQUENCE

unsi gned int NVMUnl ock (unsigned int nvnop)

{

}

unsi gned int status;

/1 Suspend or Disable all Interrupts
asmvolatile (“di 99" : “=r” (status));

/1 Enable Flash Wite/Erase Operations and Sel ect
/1 Flash operation to perform
NVMCON = nvnop;

/Il Wite Keys
NVMKEY = 0xAA996655;
NVMKEY = 0x556699AA;

// Start the operation using the Set Register
NVMCONSET = 0x8000;

/1 Wit for operation to conplete
while (NVMOON & 0x8000);

/'l Restore Interrupts
if (status & 0x00000001
asmvolatile (“ei”);
el se
asmvolatile (“di");

/1 Return NVMERR and LVDERR Error Status Bits
return (NVMCON & 0x3000)

unsi gned int NVMNiteRow (voi d* address, void* data)

{

unsi gned int res;

/1 Set NVMADDR to Start Address of row to program
NVMADDR = (unsigned int) address;

/1 Set NVMSRCADDR to the SRAM data buffer Address
NVMSRCADDR = (unsigned int) data;

/1 Unlock and Wite Row
res = NVMUnl ock(0x4003);

/1 Return Result
return res;

© 2008 Microchip Technology Inc. Preliminary
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EXAMPLE 7-3: WORD PROGRAMMING SEQUENCE

unsi gned i nt NVMJnl ock (unsigned int nvnop)

{

unsi gned int status;

/'l Suspend or Disable all Interrupts
asmvolatile (“di 99" : “=r" (status));

/'l Enable Flash Wite/Erase Operations and Sel ect
/'l Flash operation to perform
NVMCON = nvnop;

/Il Wite Keys
NVMKEY = 0xAA996655;
NVMKEY = Ox556699AA;

/] Start the operation using the Set Register
NVMCONSET = 0x8000;

/1 Wait for operation to conplete
while (NVMCON & 0x8000) ;

/! Restore Interrupts
if (status & 0x00000001
asmvolatile (“ei”);
el se
asmvolatile (“di”);

/1 Return NVMERR and LVDERR Error Status Bits
return (NVMCON & 0x3000)

}

unsigned int NVMNiteWrd (void* address, unsigned int
{

unsi gned int res;

/1 Load data into NVNMDATA register
NVMDATA = dat a;

/! Load address to program into NVMADDR regi ster
NVMADDR = (unsigned int) address;

/1 Unlock and Wite Word
res = NVMUnl ock (0x4001);

/! Return Result
return res;

dat a)
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EXAMPLE 7-4: PROGRAM FLASH ERASE SEQUENCE

unsi gned int NVMJnl ock (unsigned int nvnop)

{

unsi gned int status;

Di sable all

“—pn

/1 Suspend or
asmvolatile (“di %"

Interrupts
(status));

/1 Enable Flash Wite/Erase Operations and Sel ect
/'l Flash operation to perform
NVMCON = nvnop;

/1 Wite Keys
NVMKEY = 0xAA996655;
NVMKEY = 0x556699AA;

/] Start the operation using the Set
NVMCONSET = 0x8000;

Regi st er

/1 Wit for operation to conplete
whil e (NVMCON & 0x8000);

/'l Restore Interrupts
if (status & 0x00000001
asmvolatile (“ei”);
el se
asmvolatile (“di");
/1 Return NVMERR and LVDERR Error Status Bits
return (NVMCON & 0x3000)

}

unsi gned i nt

{

NVMEr asePFM voi d)
unsi gned int res;

/1 Unl ock and Erase Program Fl ash
res = NVMJnl ock(0x4005);

/] Return Result
return res;
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NOTES:
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8.0 INTERRUPTS

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

PIC32MX3XX/4XX generates interrupt requests in
response to interrupt events from peripheral modules.
The Interrupt Control Module exists external to the
CPU logic and prioritizes the interrupt events before
presenting them to the CPU.

FIGURE 8-1: INTERRUPT CONTROLLER MODULE

The PIC32MX3XX/4XX interrupts module includes the
following features:

Up to 96 interrupt sources

Up to 64 interrupt vectors

Single and Multi-Vector mode operations

5 external interrupts with edge polarity control
Interrupt proximity timer

Module Freeze in Debug mode

7 user-selectable priority levels for each vector
4 user-selectable subpriority levels within each
priority

Dedicated shadow set for highest priority level
Software can generate any interrupt
User-configurable interrupt vector table location
User-configurable interrupt vector spacing

Vector Number

—» Interrupt Controller
— Priority Level

Interrupt Requests

Shadow Set Number

CPU Core

IntCtl is a CPU register.

Note:  Several of the registers cited in this section are not in the interrupt controller module. These registers (and
bits) are associated with the CPU. Details about them are available in Section 2.0 "PIC32MX MCU".

To avoid confusion, a typographic distinction is made for registers in the CPU. The register names in this
section, and all other sections of this manual, are signified by uppercase letters only.CPU register names
are signified by upper and lowercase letters. For example, INTSTAT is an Interrupts register; whereas,
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8.1 Control Registers

Note:  Each PIC32MX device variant may have
one or more Interrupt channels. An ‘X’
used in the names of control/Status bits
and registers denotes the particular chan-

nel. Refer to the specific device data

sheets for more details.

The interrupts module consists of the following Special
Function Registers (SFRs):

* INTCON: Interrupt Control Register
INTCONCLR, INTCONSET, INTCONINV: Atomic Bit
Manipulation, Write-Only Registers for INTCON

* INTSTAT: Interrupt Status Register
INTSTATCLR, INTSTATSET, INTSTATINV: Atomic
Bit Manipulation, Write-Only Registers for INTSTAT

* IPTMR: Interrupt Proximity Timer Register
IPTMRCLR, IPTMRSET, IPTMRNINV: Atomic Bit
Manipulation, Write-Only Registers for IPTMR

* IFSO, IFS1: Interrupt Flag Status Registers
IFSXCLR, IFSxSET, IFSxINV: Atomic  Bit
Manipulation, Write-Only Registers for IFSx

« |ECO, IECL1: Interrupt Enable Control Registers
IECXCLR, |IECXSET, IECxINV: Atomic Bit
Manipulation, Write-Only Registers for IECx

e IPCO - IPC11: Interrupt Priority Control Registers
IPCXCLR, IPCXSET, IPCxINV: Atomic Bit
Manipulation, Write-Only Registers for IPCx

The following table provides a brief summary of inter-
rupts module related registers. Corresponding regis-
ters appear after the summary, followed by a detailed
description of each register.

TABLE 8-1: INTERRUPT SFR SUMMARY
virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1000 | INTCON |[31:24 — — — = = = = =
23:16 = = = = = = = SSO
15:8 — FRz — MVEC — TPC<2:0>
7:0 — — — INT4EP INT3EP INT2EP INT1EP INTOEP
BF88_1004 | INTCONCLR | 31:0 Write clears the selected bits in INTCON, read yields undefined value
BF88_1008 | INTCONSET | 31:0 Write sets the selected bits in INTCON, read yields undefined value
BF88_100C | INTCONINV | 31:0 Write inverts the selected bits in INTCON, read yields undefined value
BF88_1010 | INTSTAT |[31:24 — — — — — — — —
23:16 — = = = = = = —
15:8 — — — — — RIPL<2:0>
7.0 = = VEC<5:0>
BF88_1014 | INTSTATCLR | 31:0 Write clears the selected bits in INTSTAT, read yields undefined value
BF88_1018 | INTSTATSET | 31:.0 Write sets the selected bits in INTSTAT, read yields undefined value
BF88_101C | INTSTATINV | 31:0 Write inverts the selected bits in INTSTAT, read yields undefined value
BF88_1020 IPTMR 31:24
23:16 IPTMR<31:0>
15:8
7:0
BF88_1024 | IPTMRCLR | 31:0 Write clears the selected bits in IPTMR, read yields undefined value
BF88_1028 | IPTMRSET | 31:0 Write clears the selected bits in IPTMR, read yields undefined value
BF88_102C | IPTMRINV | 31:0 Write clears the selected bits in IPTMR, read yields undefined value
BF88_1030 IFSO 31:24| 12C1MIF 12C1SIF 12C1BIF ULTXIF U1RXIF ULEIF SPI1IRXIF | SPILTXIF
23:16| SPI1EIF OCSIF IC5IF T5IF INT4IF OC4IF IC4IF TAIF
15:8 INT3IF OC3IF IC3IF T3IF INT2IF OC2IF IC2IF T2IF
7:0 INTL1IF OC1IF IC1IF T1IF INTOIF CS1IF CSOIF CTIF
BF88_1034 | IFSOCLR 31:.0 Write clears the selected bits in IFSO, read yields undefined value
BF88_1038 | IFSOSET 31:.0 Write sets the selected bits in IFSO, read yields undefined value
BF88_103C IFSOINV 31:.0 Write inverts the selected bits in IFSO, read yields undefined value
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TABLE 8-1: INTERRUPT SFR SUMMARY (CONTINUED)
virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1040 IFS1 31:24 — — — — — — USBIF FCEIF
23:16 — — — — DMASIF DMAZ2IF DMAL1IF DMAOIF
15:8 | RTCCIF FSCMIF 12C2MIF 12C2SIF 12C2BIF U2TXIF U2RXIF U2EIF
7:0 | SPI2RXIF | SPI2TXIF | SPI2EIF CMP2IF CMP1IF PMPIF AD1IF CNIF
BF88_1044 | IFS1CLR 31:0 Write clears the selected bits in IFS1, read yields undefined value
BF88_1048 | IFS1SET 31:0 Write sets the selected bits in IFS1, read yields undefined value
BF88_104C | IFS1INV 31:0 Write inverts the selected bits in IFS1, read yields undefined value
BF88_1060 IECO 31:24| 12C1MIE 12C1SIE 12C1BIE ULTXIE U1RXIE U1EIE SPI1IRXIE | SPIITXIE
23:16| SPI1EIE OCS5IE IC5IE T5IE INT4IE OC4IE IC41E T4IE
15:8 INT3IE OC3IE IC3IE T3IE INT2IE OC2IE IC2IE T2IE
7:0 INT1IE OCIlIE IC1IE T1IE INTOIE CS1IE CSOIE CTIE
BF88_1064 | IECOCLR 31:0 Write clears the selected bits in IECO, read yields undefined value
BF88_1068 | IECOSET 31:0 Write sets the selected bits in IECO, read yields undefined value
BF88_106C IECOINV 31:.0 Write inverts the selected bits in IECO, read yields undefined value
BF88_1070 IEC1 31:24 = — — — — — USBIE FCEIE
23:16 — — — — DMASIE DMAZ2IE DMAL1IE DMAOIE
15:8 RTCCIE FSCMIE 12C2MIE 12C2SIE 12C2BIE U2TXIE U2RXIE U2EIE
7:0 | SPI2RXIE | SPI2TXIE | SPI2EIE CMP2IE CMPL1IE PMPIE AD1IE CNIE
BF88_1074 | IECICLR 31:.0 Write clears the selected bits in IEC1, read yields undefined value
BF88_1078 IECISET 31:0 Write sets the selected bits in IEC1, read yields undefined value
BF88_107C| IEC1INV 31:0 Write inverts the selected bits in IEC1, read yields undefined value
BF88_1090 IPCO 31:24 — — — INTOIP<2:0> INTOIS<1:0>
23:16 — — — CS1IP<2:0> CS11S<1:0>
15:8 — — — CS0IP<2:0> CS01S<1:0>
7:0 — — — CTIP<2:0> CTIS<1:0>
BF88_1094 | IPCOCLR 31:0 Write clears the selected bits in IPCO, read yields undefined value
BF88_1098 | IPCOSET 31:0 Write sets the selected bits in IPCO, read yields undefined value
BF88_109C | IPCOINV 31:0 Write inverts the selected bits in IPCO, read yields undefined value
BF88_10A0 IPC1 31:24 — — — INT1IP<2:0> INT1IS<1:0>
23:16 — — — OC1IP<2:0> OC1IS<1:0>
15:8 — — — IC1IP<2:0> IC11S<1:0>
7:0 — — — T1IP<2:0> T11S<1:0>
BF88_10A4 | IPCICLR 31:0 Write clears the selected bits in IPC1, read yields undefined value
BF88_10A8 | IPC1SET 31:0 Write sets the selected bits in IPC1, read yields undefined value
BF88_10AC IPC1INV 31:0 Write inverts the selected bits in IPC1, read yields undefined value
BF88_10B0 IPC2 31:24 — — — INT2IP<2:0> INT2IS<1:0>
23:16 — — — 0OC2IP<2:0> OC21S<1:0>
15:8 — — — 1C2IP<2:0> 1C21S<1:0>
7:0 — — — T21P<2:0> T21S<1:0>
BF88_10B4 | IPC2CLR 31:.0 Write clears the selected bits in IPC2, read yields undefined value
BF88_10B8 | IPC2SET 31:0 Write sets the selected bits in IPC2, read yields undefined value
BF88_10BC| IPC2INV 31:0 Write inverts the selected bits in IPC2, read yields undefined value
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TABLE 8-1: INTERRUPT SFR SUMMARY (CONTINUED)
virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_10C0 IPC3 31:24 — — — INT3IP<2:0> INT3IS<1:0>
23:16 — — — OC3IP<2:0> OC3IS<1:0>
15:8 — — — IC3IP<2:0> IC31S<1:0>
7:0 — — — T3IP<2:0> T31S<1:0>
BF88_10C4 | IPC3CLR 31:.0 Write clears the selected bits in IPC3, read yields undefined value
BF88_10C8 | IPC3SET 31:0 Write sets the selected bits in IPC3, read yields undefined value
BF88_10CC| IPC3INV 31:0 Write inverts the selected bits in IPC3, read yields undefined value
BF88_10D0 IPC4 31:24 — — — INT4IP<2:0> INT41S<1:0>
23:16 — — — OC41P<2:0> OC41S<1:0>
15:8 — — — 1C41P<2:0> 1C41S<1:0>
7:0 — — — T41P<2:0> T41S<1:0>
BF88_10D4 | IPCA4CLR 31:0 Write clears the selected bits in IPC4, read yields undefined value
BF88_10D8 | IPC4SET 31:0 Write sets the selected bits in IPC4, read yields undefined value
BF88_10DC IPC4INV 31:.0 Write inverts the selected bits in IPC4, read yields undefined value
BF88_10E0 IPC5 31:24 — — — SPI11P<2:0> SPI11S<1:0>
23:16 — — — OC5IP<2:0> OC5IS<1:0>
15:8 — — — IC5IP<2:0> IC51S<1:0>
7:0 — — — T5IP<2:0> T51S<1:0>
BF88_10E4 | IPC5CLR 31:0 Write clears the selected bits in IPC5, read yields undefined value
BF88_10E8 | IPC5SET 31:0 Write sets the selected bits in IPC5, read yields undefined value
BF88_10EC| IPC5INV 31:0 Write inverts the selected bits in IPC5, read yields undefined value
BF88_10F0 IPC6 31:24 — — — AD1IP<2:0> AD11S<1:0>
23:16 — — — CNIP<2:0> CNIS<1:0>
15:8 — — — 12C11P<2:0> 12C11S<1:0>
7:0 — — — U1lIP<2:0> U1IS<1:0>
BF88_10F4 | IPC6CLR 31:0 Write clears the selected bits in IPC6, read yields undefined value
BF88_10F8 | IPC6SET 31:0 Write sets the selected bits in IPC6, read yields undefined value
BF88_10FC | IPC6INV 31:0 Write inverts the selected bits in IPC6, read yields undefined value
BF88_1100 IPC7 31:24 — — — SPI2IP<2:0> SPI21S<1:0>
23:16 — — — CMP2IP<2:0> CMP2IS<1:0>
15:8 — — — CMP1IP<2:0> CMP1IS<1:0>
7:0 — — — PMPIP<2:0> PMPIS<1:0>
BF88_1104 | IPC7CLR 31:0 Write clears the selected bits in IPC7, read yields undefined value
BF88_1108 | IPC7SET 31:0 Write sets the selected bits in IPC7, read yields undefined value
BF88_110C IPC7INV 31:0 Write inverts the selected bits in IPC7, read yields undefined value
BF88_1110 IPC8 31:24 — — — RTCCIP<2:0> RTCCIS<1:0>
23:16 — — — FSCMIP<2:0> FSCMIS<1:0>
15:8 — — — 12C21P<2:0> 12C21S<1:0>
7:0 — — — U2IP<2:0> U21S<1:0>
BF88_1114 | IPC8CLR 31:.0 Write clears the selected bits in IPC8, read yields undefined value
BF88_1118 IPC8SET 31:0 Write sets the selected bits in IPC8, read yields undefined value
BF88_111C IPC8INV 31:0 Write inverts the selected bits in IPC8, read yields undefined value
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TABLE 8-1: INTERRUPT SFR SUMMARY (CONTINUED)
virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1120 IPC9 31:24 — — — DMA3IP<2:0> DMA3IS<1:0>
23:16 — — — DMA2IP<2:0> DMA2|S<1:0>
15:8 — — — DMA1IP<2:0> DMA1IS<1:0>
7:0 — — — DMAOIP<2:0> DMAOIS<1:0>
BF88_1124 | IPC9CLR 31:.0 Write clears the selected bits in IPC9, read yields undefined value
BF88_1128 | IPCIOSET 31:0 Write sets the selected bits in IPC9, read yields undefined value
BF88_112C IPCOINV 31:0 Write inverts the selected bits in IPC9, read yields undefined value
BF88_1130 IPC10 31:24 — — — — _
23:16 — = = = =
15:8 = = = = _
7:0 = = = = =
BF88_1134 | IPC10CLR | 31:0 Write clears the selected bits in IPC10, read yields undefined value
BF88_1138 | IPC10SET | 31:0 Write sets the selected bits in IPC10, read yields undefined value
BF88_113C | IPC10INV 31:.0 Write inverts the selected bits in IPC10, read yields undefined value
BF88_1140 IPC11 31:24 = = — — _
23:16 — — = = =
15:8 — — — USBIP<2:0> USBIS<1:0>
7:0 — — — FCEIP<2:0> FCEIS<1:0>
BF88_1144 | IPC11CLR | 31:0 Write clears the selected bits in IPC11, read yields undefined value
BF88_1148 | IPC11SET | 31.0 Write sets the selected bits in IPC11, read yields undefined value
BF88_114C | IPCI11INV | 31:0 Write inverts the selected bits in IPC11, read yields undefined value
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REGISTER 8-1: INTCON: INTERRUPT CONTROL REGISTER

r-x r-X r-x r-X r-x r-x r-X r-x
bit 31 bit 24
r-X r-X r-x r-X r-x r-x r-x R/W-0
— — — — — — — SSO
bit 23 bit 16
r-x R/W-0 r-x R/W-0 r-x R/W-0 R/W-0 R/W-0
— FRZ — MVEC — TPC<2:0>
bit 15 bit 8
r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT4EP INT3EP INT2EP INT1EP INTOEP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit value at POR (‘0’, ‘1’, x = Unknown)
bit 31-17 Reserved: Write ‘0’; ignore read
bit 16 SSO0: Single Vector Shadow Register Set hit
1 = Single vector is presented with a shadow register set
0 = Single vector is not presented with a shadow register set
bit 15 Reserved: Write ‘0’; ignore read
bit 14 FRZ: Freeze in Debug Exception Mode bit
1 = Freeze operation when CPU is in Debug Exception mode
0 = Continue operation even when CPU is in Debug Exception mode
Note: FRZ is writable in Debug Exception mode only, it is forced to ‘0’ in normal mode.
bit 13 Reserved: Write ‘0’; ignore read
bit 12 MVEC: Multi-Vector Configuration bit
1 = Interrupt controller configured for Multi-Vectored mode
0 = Interrupt controller configured for Single Vectored mode
bit 11 Reserved: Write ‘0’; ignore read
bit 10-8 TPC<2:0>: Temporal Proximity Control bits
111 = Interrupt of group priority 7 or lower starts the IP timer
110 = Interrupt of group priority 6 or lower starts the IP timer
101 = Interrupt of group priority 5 or lower starts the IP timer
100 = Interrupt of group priority 4 or lower starts the IP timer
011 = Interrupt of group priority 3 or lower starts the IP timer
010 = Interrupt of group priority 2 or lower starts the IP timer
001 = Interrupt of group priority 1 starts the IP timer
000 = Disables proximity timer
bit 7-5 Reserved: Write ‘0’; ignore read
bit 4 INT4EP: External Interrupt 4 Edge Polarity Control bit

1 = Rising edge
0 = Falling edge
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REGISTER 8-1: INTCON: INTERRUPT CONTROL REGISTER (CONTINUED)
bit 3 INT3EP: External Interrupt 3 Edge Polarity Control bit
1 = Rising edge
0 = Falling edge
bit 2 INT2EP: External Interrupt 2 Edge Polarity Control bit
1 = Rising edge
0 = Falling edge
bit 1 INT1EP: External Interrupt 1 Edge Polarity Control bit
1 = Rising edge
0 = Falling edge
bit 0 INTOEP: External Interrupt O Edge Polarity Control bit
1 = Rising edge
0 = Falling edge
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REGISTER 8-2: INTSTAT: INTERRUPT STATUS REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x R-0 R-0 R-0
— — — — — RIPL<2:0>
bit 15 bit 8
r-x r-x R-0 R-0 R-0 R-0 R-0 R-0
— — VEC<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit value at POR (‘0’, ‘1’, x = Unknown)
bit 31-11 Reserved: Write ‘0’; ignore read
bit 10-8 RIPL<2:0>: Requested Priority Level bits
000 — 111 = The priority level of the latest interrupt presented to the CPU
Note: This value should only be used when the interrupt controller is configured for Single
Vector mode.
bit 5-0 VEC: Interrupt Vector bits

00000 — 11111 = The interrupt vector that is presented to the CPU
Note: This value should only be used when the interrupt controller is configured for Single
Vector mode.
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REGISTER 8-3: IPTMR: INTERRUPT PROXIMITY TIMER REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IPTMR<31:24>
bit 31 bit 24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IPTMR<23:16>
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IPTMR<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IPTMR<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit value at POR (‘0’, ‘1’, x = Unknown)
bit 31-0 IPTMR: Interrupt Proximity Timer Reload bits

Used by the interrupt proximity timer as a reload value when the interrupt proximity timer is triggered
by an interrupt event.
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REGISTER 8-4: IFSO: INTERRUPT FLAG STATUS REGISTER O
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
12C1MIF 12CSIF I2CBIF ULTXIF U1RXIF ULEIF SPI1RXIF SPI1TXIF
bit 31 bit 24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPI1EIF OCSIF IC5IF T5IF INT4IF OC4IF IC4IF TAIF
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT3IF OC3IF IC3IF T3IF INT2IF OC2IF IC2IF T2IF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT1IF OC1IF IC2IF T1IF INTOIF CS1IF CSOIF CTIF
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit r = Reserved bit

-n = Bit value at POR (‘0’, ‘1’, x = Unknown)

bit 31 I2C1MIF: 12C1 Master Interrupt Request Flag bit
1 = Interrupt request has occurred
0 = No interrupt request has a occurred

bit 30 I2CSIF: 12C1 Slave Interrupt Request Flag bit

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

bit 29 I2CBIF: 12C1 Bus Collision Interrupt Request Flag bit

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

bit 28 ULTXIF: UART1 Transmitter Interrupt Request Flag bit
1 = Interrupt request has occurred
0 = No interrupt request has a occurred

bit 27 U1RXIF: UART1 Receiver Interrupt Request Flag bit

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

bit 26 U1EIF: UARTL1 Error Interrupt Request Flag bit
1 = Interrupt request has occurred
0 = No interrupt request has a occurred
bit 25 SPI1RXIF: SPI1 Receive Interrupt Request Flag bit

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

bit 24 SPILTXIF: SPI1 Transmitter Interrupt Request Flag bit

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

bit 23 SPILEIF: SPI1 Error Interrupt Request Flag bit

1 = Interrupt request has occurred
0 = No interrupt request has a occurred
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REGISTER 8-4:

bit 22

bit 21

bit 20

bit 19

bit 18

bit 17

bit 16

bit 15

bit 14

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

OCSIF: Output Compare 5 Interrupt Request Flag bit

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

IC5IF: Input Compare 5 Interrupt Request Flag bit

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

T5IF: Timer5 Interrupt Request Flag bit

1 = Interrupt request has occurred

0 = No interrupt request has a occurred
INT4IF: External Interrupt 4 Request Flag bit

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

OCA4IF: Output Compare 4 Interrupt Request Flag bit

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

IC4IF: Input Compare 4 Interrupt Request Flag bit
1 = Interrupt request has occurred

0 = No interrupt request has a occurred

T4IF: Timer4 Interrupt Request Flag bit

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

INT3IF: External Interrupt 3 Request Flag bit

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

OC3IF: Output Compare 3 Interrupt Request Flag bit
1 = Interrupt request has occurred

0 = No interrupt request has a occurred

IC3IF: Input Compare 3 Interrupt Request Flag bit

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

T3IF: Timer3 Interrupt Request Flag bit

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

INT2IF: External Interrupt 2 Request Flag bit

1 = Interrupt request has occurred

0 = No interrupt request has a occurred

OC2IF: Output Compare 2 Interrupt Request Flag bit

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

IC2IF: Input Compare 2 Interrupt Request Flag bit

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

T2IF: Timer2 Interrupt Request Flag bit

1 = Interrupt request has occurred

0 = No interrupt request has a occurred
INT1IF: External Interrupt 1 Request Flag bit

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

OCL1IF: Output Compare 1 Interrupt Request Flag bit

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

IFSO: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)
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REGISTER 8-4:

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

IC1IF: Input Compare 1 Interrupt Request Flag bit

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

T1IF: Timerl Interrupt Request Flag bit

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

INTOIF: External Interrupt 0 Request Flag bit

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

CS1IF: Core Software Interrupt 1 Request Flag bit

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

CSOIF: Core Software Interrupt 0 Request Flag bit

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

CTIF: Core Timer Interrupt Request Flag bit

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

IFSO: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)
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REGISTER 8-5: IFS1: INTERRUPT FLAG STATUS REGISTER 1

r-x r-x r-x r-x r-x r-x R/W-0 R/W-0
— — — — — — USBIF FCEIF
bit 31 bit 24
r-x r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0
— — — — DMA3IF DMA2IF DMALIF DMAOIF
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RTCCIF FSCMIF 12C2MIF 12C2SIF 12C2BIF U2TXIF U2RXIF U2EIF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPI2RXIF SPI2TXIF SPI2EIF CMP2IF CMPL1IF PMPIF ADL1IF CNIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit

-n = Bit value at POR (‘0’, ‘1’, x = Unknown)

bit 31-26
bit 25

bit 24

bit 23-20
bit 19

bit 18

bit 17

bit 16

bit 15

bit 14

Reserved: Write ‘0’; ignore read
USBIF: USB Interrupt Request Flag bit

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

FCEIF: Flash Control Event Interrupt Flag bit

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

Reserved: Write ‘0’; ignore read
DMASIF: DMA3 Interrupt Request Flag bit

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

DMAZ2IF: DMA2 Interrupt Request Flag bit

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

DMAL1IF: DMA1 Interrupt Request Flag bit
1 = Interrupt request has occurred

0 = No interrupt request has a occurred
DMAOIF: DMAO Interrupt Request Flag bit

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

RTCCIF: Real Time Clock Interrupt Flag bit

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

FSCMIF: Fail-Safe Clock Monitor Interrupt Flag bit

1 = Interrupt request has occurred
0 = No interrupt request has a occurred
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REGISTER 8-5:

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

I2C2MIF: 12C2 Master Interrupt Request bit

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

I2C2SIF: 12C2 Slave Interrupt Request bit

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

I2C2BIF: 12C2 Bus Collision Interrupt Request bit

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

U2TXIF: UART2 Transmitter Interrupt Request bit

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

U2RXIF: UART2 Receiver Interrupt Request Flag bit

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

U2EIF: UART2 Error Interrupt Request Flag bit

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

SPI2RXIF: SPI2 Receiver Interrupt Request Flag bit

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

SPI2TXIF: SPI2 Transmitter Interrupt Request Flag bit

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

SPI2EIF: SPI2 Error Interrupt Request Flag bit

1 = Interrupt request has occurred

0 = No interrupt request has a occurred

CMP2IF: Comparator 2 Interrupt Request Flag bit

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

CMPL1IF: Comparator 1 Interrupt Request Flag bit

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

PMPIF: Parallel Master Port Interrupt Request Flag bit
1 = Interrupt request has occurred

0 = No interrupt request has a occurred

AD1IF: Analog-to-Digital 1 Interrupt Request Flag bit

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

CNIF: Input Change Interrupt Request Flag bit

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

IFS1: INTERRUPT FLAG STATUS REGISTER 1 (CONTINUED)
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REGISTER 8-6: IECO: INTERRUPT ENABLE CONTROL REGISTER O

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
I2C1IMIE I12C1SIE 12C1BIE ULTXIE U1RXIE U1EIE SPIIRXIE | SPILTXIE
bit 31 bit 24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPI1EIE OCSIE IC5IE T5IE INT4IE OC4IE IC4IE T4IE
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT3IE OC3IE IC3IE T3IE INT2IE OC2IE IC2IE T2IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT1IE OCl1IE IC1IE T1IE INTOIE CS1IE CSOIE CTIE
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31 I2C2MIE: 12C2 Master Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled
bit 30 I2C1SIE: 12C1 Slave Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 29 I2C1BIE: 12C1 Bus Collision Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 28 ULTXIE: UART1 Transmitter Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 27 U1RXIE: UART1 Receiver Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 26 U1EIE: UART1 Error Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 25 SPI1RXIE: SPI1 Receive Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 24 SPILTXIE: SPI1 Transmitter Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 23 SPI1EIE: SPI1 Error Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled
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REGISTER 8-6:

bit 22

bit 21

bit 20

bit 19

bit 18

bit 17

bit 16

bit 15

bit 14

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

OCSIE: Output Compare 5 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

IC5IE: Input Compare 5 Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

T5IE: Timer5 Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

INT4IE: External Interrupt 4 Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

OCA4IE: Output Compare 4 Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

IC4IE: Input Compare 4 Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

TA4IE: Timer4 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

INT3IE: External Interrupt 3 Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

OCS3IE: Output Compare 3 Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

IC3IE: Input Compare 3 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

T3IE: Timer3 Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

INT2IE: External Interrupt 2 Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

OC2IE: Output Compare 2 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

IC2IE: Input Compare 2 Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

T2IE: Timer2 Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

INT1IE: External Interrupt 1 Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

OCL1IE: Output Compare 1 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

IECO: INTERRUPT ENABLE CONTROL REGISTER 0 (CONTINUED)
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REGISTER 8-6: IECO: INTERRUPT ENABLE CONTROL REGISTER 0 (CONTINUED)
bit 5 IC1IE: Input Compare 1 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 4 T1IE: Timerl Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 3 INTOIE: External Interrupt O Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 2 CSI1IE: Core Software Interrupt 1 Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 1 CSOIE: Core Software Interrupt 0 Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled

bit 0 CTIE: Core Timer Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled
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REGISTER 8-7: IEC1: INTERRUPT ENABLE CONTROL REGISTER 1
r-x r-x r-x r-x r-x r-x r-x R/W-0
— — — — — — USBIE FCEIE
bit 31 bit 24
r-x r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0
— — — — DMASIE DMA2IE DMAL1IE DMAOIE
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RTCCIE FSCMIE 12C2MIE 12C2SIE 12C2BIE U2TXIE U2RXIE U2EIE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPI2RXIE SPI2TXIE SPI2EIE CMP2IE CMPL1IE PMPIE AD1IE CNIE
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit
-n = Bit value at POR (‘0’, ‘1’, x = Unknown)

r = Reserved bit

bit 31-26
bit 25

bit 24

bit 23-20
bit 19

bit 18

bit 17

bit 16

bit 15

bit 14

Reserved: Write ‘0’; ignore read
USBIE: USB Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

FCEIE: Flash Control Event Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

Reserved: Write ‘0’; ignore read

DMASIE: DMAS3 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

DMAZ2IE: DMAZ2 Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
DMALIE: DMA1 Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
DMAOIE: DMAO Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

RTCCIE: Real-Time Clock Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

FSCMIE: Fail-Safe Clock Monitor Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled
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REGISTER 8-7:

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

I2C2MIE: 12C2 Master Interrupt Request bit

1 = Interrupt is enabled
0 = Interrupt is disabled

I2C2SIE: 12C2 Slave Interrupt Request bit

1 = Interrupt is enabled

0 = Interrupt is disabled

I2C2BIE: 12C2 Bus Collision Interrupt Request bit
1 = Interrupt is enabled

0 = Interrupt is disabled

U2TXIE: UART2 Transmitter Interrupt Request bit

1 = Interrupt is enabled
0 = Interrupt is disabled

U2RXIE: UART2 Receiver Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

U2EIE: UART2 Error Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

SPI2RXIE: SPI2 Receiver Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

SPI2TXIE: SPI2 Transmitter Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

SPI2EIE: SPI2 Error Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

CMP2IE: Comparator 2 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

CMPL1IE: Comparator 1 Interrupt Enable bit

1 = Interrupt is enabled

0 = Interrupt is disabled

PMPIE: Parallel Master Port Interrupt Enable bit
1 = Interrupt is enabled

0 = Interrupt is disabled

AD1IE: Analog-to-Digital 1 Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

CNIE: Input Change Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

IEC1: INTERRUPT ENABLE CONTROL REGISTER 1 (CONTINUED)
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REGISTER 8-8: IPCO: INTERRUPT PRIORITY CONTROL REGISTER 0
r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INTOIP<2:0> INTOIS<1:0>
bit 31 bit 24
r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = CS1IP<2:0> CS1IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — CS0IP<2:0> CS0IS<1:0>
bit 15 bit 8
r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — CTIP<2:0> CTIS<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit

bit 31-29
bit 28-26

bit 25-24

bit 23-21
bit 20-18

bit 17-16

Reserved: Write ‘0’; ignore read

INTOIP<2:0>: External Interrupt O Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

INTOIS<1:0>: External Interrupt O Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

CS1IP<2:0>: Core Software 1 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

CS11S<1:0>: Core Software 1 Interrupt subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-8: IPCO: INTERRUPT PRIORITY CONTROL REGISTER 0 (CONTINUED)
bit 15-13 Reserved: Write ‘0’; ignore read
bit 12-10 CSO0IP<2:0>: Core Software 0 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 9-8 CSO0IS<1:0>: Core Software 0 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 7-5 Reserved: Write ‘0’; ignore read
bit 4-2 CTIP<2:0>: Core Timer Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 1-0 CTIS<1:0>: Core Timer Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-9: IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT1IP<2:0> INT11S<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = OC1IP<2:0> OC1IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — IC1IP<2:0> IC1IS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — T1IP<2:0> T1IS<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-29 Reserved: Write ‘0’; ignore read
bit 28-26 INT1IP<2:0>: External Interrupt 1 Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 25-24 INT11S<1:0>: External Interrupt 1 Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 23-21 Reserved: Write ‘0’; ignore read
bit 20-18 OC1IP<2:0>: Output Compare 1 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 17-16 OC1IS<1:0>: Output Compare 1 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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IC1IP<2:0>: Input Compare 1 Interrupt Priority bits

IC11S<1:0>: Input Compare 1 Interrupt Subpriority bits

REGISTER 8-9:
bit 15-13 Reserved: Write ‘0’; ignore read
bit 12-10
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 9-8
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 7-5 Reserved: Write ‘0’; ignore read
bit 4-2 T1IP<2:0>: Timerl Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 1-0

T1IS<1:0>: Timerl Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1 (CONTINUED)
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REGISTER 8-10: IPC2: INTERRUPT PRIORITY CONTROL REGISTER 2

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT2IP<2:0> INT21S<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = 0OC2IP<2:0> 0C2IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — IC2IP<2:0> IC2IS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — T2IP<2:0> T2I1S<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-29 Reserved: Write ‘0’; ignore read
bit 28-26 INT2IP<2:0>: External Interrupt 2 Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 25-24 INT21S<1:0>: External Interrupt 2 Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 23-21 Reserved: Write ‘0’; ignore read
bit 20-18 OC2|P<2:0>: Output Compare 2 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 17-16 OC2IS<1:0>: Output Compare 2 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-10:

bit 15-13
bit 12-10

bit 9-8

bit 7-5
bit 4-2

bit 1-0

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

IC21S<1:0>: Input Compare 2 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

T2IP<2:0>: Timer2 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

T2IS<1:0>: Timer2 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

IPC2: INTERRUPT PRIORITY CONTROL REGISTER 2 (CONTINUED)
Reserved: Write ‘0’; ignore read
IC2IP<2:0>: Input Compare 2 Interrupt Priority bits

© 2008 Microchip Technology Inc.

Preliminary

DS61143D-page 149



PIC32MX3XX/4XX

REGISTER 8-11:

IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT3IP<2:0> INT31S<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — OC3IP<2:0> 0OC3IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — IC3IP<2:0> IC3IS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — T3IP<2:0> T3IS<1:0>
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit

r = Reserved bit

bit 31-29
bit 28-26

bit 25-24

bit 23-21
bit 20-18

bit 17-16

Reserved: Write ‘0’; ignore read
INT3IP<2:0>: External Interrupt 3 Priority bits

111 = Interrupt Priority is 7

110 = Interrupt Priority is 6

101 = Interrupt Priority is 5

100 = Interrupt Priority is 4

011 = Interrupt Priority is 3

010 = Interrupt Priority is 2

001 = Interrupt Priority is 1

000 = Interrupt is disabled

INT3IS<1:0>: External Interrupt 3 Subpriority bits
11 = Interrupt subpriority is 3

10 = Interrupt subpriority is 2

01 = Interrupt subpriority is 1

00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

OC3IP<2:0>: Output Compare 3 Interrupt Priority bits
111 = Interrupt Priority is 7

110 = Interrupt Priority is 6

101 = Interrupt Priority is 5

100 = Interrupt Priority is 4

011 = Interrupt Priority is 3

010 = Interrupt Priority is 2

001 = Interrupt Priority is 1

000 = Interrupt is disabled

OC3IS<1:0>: Output Compare 3 Interrupt Subpriority bits
11 = Interrupt subpriority is 3

10 = Interrupt subpriority is 2

01 = Interrupt subpriority is 1

00 = Interrupt subpriority is 0
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REGISTER 8-11:

bit 15-13
bit 12-10

bit 9-8

bit 7-5
bit 4-2

bit 1-0

111 = Interrupt Priority is 7
110 = Interrupt Priority is 6
101 = Interrupt Priority is 5
100 = Interrupt Priority is 4
011 = Interrupt Priority is 3
010 = Interrupt Priority is 2
001 = Interrupt Priority is 1
000 = Interrupt is disabled

IC3IS<1:0>: Input Compare 3 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

T3IP<2:0>: Timer3 Interrupt Priority bits

111 = Interrupt Priority is 7
110 = Interrupt Priority is 6
101 = Interrupt Priority is 5
100 = Interrupt Priority is 4
011 = Interrupt Priority is 3
010 = Interrupt Priority is 2
001 = Interrupt Priority is 1
000 = Interrupt is disabled

T3IS<1:0>: Timer3 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3 (CONTINUED)
Reserved: Write ‘0’; ignore read
IC3IP<2:0>: Input Compare 3 Interrupt Priority bits
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REGISTER 8-12:

IPC4: INTERRUPT PRIORITY CONTROL REGISTER 4

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT41P<2:0> INT41S<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — OC4IP<2:0> OC4IS<1:.0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — IC41P<2:0> IC41S<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ — — T41P<2:0> T41S<1:0>
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit

P = Programmable bit

r = Reserved bit

bit 31-29
bit 28-26

bit 25-24

bit 23-21
bit 20-18

bit 17-16

Reserved: Write ‘0’; ignore read

INT41P<2:0>: External Interrupt 4 Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

INT41S<1:0>: External Interrupt 4 Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

OC41P<2:0>: Output Compare 4 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

OC4IS<1:0>: Output Compare 4 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-12:

bit 15-13
bit 12-10

bit 9-8

bit 7-5
bit 4-2

bit 1-0

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

IC41S<1:0>: Input Compare 4 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

T4IP<2:0>: Timer4 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

T41S<1:0>: Timer4 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

IPC4: INTERRUPT PRIORITY CONTROL REGISTER 4 (CONTINUED)
Reserved: Write ‘0’; ignore read
IC4IP<2:0>: Input Compare 4 Interrupt Priority bits
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REGISTER 8-13: IPC5: INTERRUPT PRIORITY CONTROL REGISTER 5

r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — SPI11P<2:0> SPI11S<1:0>
bit 31 bit 24
r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — OC5IP<2:0> OC5IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — IC51P<2:0> IC51S<1:0>
bit 15 bit 8
r-X r-X r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — T5IP<2:0> T51S<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-29 Reserved: Write ‘0’; ignore read
bit 28-26 SPI1IP<2:0>: SPI1 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 25-24 SPI1IS<1:0>: SPI1 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 23-21 Reserved: Write ‘0’; ignore read
bit 20-18 OC5IP<2:0>: Output Compare 5 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 17-16 OC5IS<1:0>: Output Compare 5 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-13:

bit 15-13
bit 12-10

bit 9-8

bit 7-5
bit 4-2

bit 1-0

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

IC5IS<1:0>: Input Compare 5 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

T5IP<2:0>: Timer5 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

T5IS<1:0>: Timer5 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

IPC5: INTERRUPT PRIORITY CONTROL REGISTER 5 (CONTINUED)
Reserved: Write ‘0’; ignore read
IC5IP<2:0>: Input Compare 5 Interrupt Priority bits
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REGISTER 8-14:

IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — AD1IP<2:0> AD1IS<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — CNIP<2:0> CNIS<1.0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — 12C1IP<2:0> 12C1IS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — U1lIP<2:0> U11S<1:0>
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit

r = Reserved bit

bit 31-29
bit 28-26

bit 25-24

bit 23-21
bit 20-18

bit 17-16

Reserved: Write ‘0’; ignore read

AD1IP<2:0>: Analog-to-Digital 1 Interrupt Priority bits
111 = Interrupt priority is 7

110 = Interrupt priority is 6

101 = Interrupt priority is 5

100 = Interrupt priority is 4

011 = Interrupt priority is 3

010 = Interrupt priority is 2

001 = Interrupt priority is 1

000 = Interrupt is disabled

ADL1IS<1:0>: Analog-to-Digital 1 Subpriority bits
11 = Interrupt subpriority is 3

10 = Interrupt subpriority is 2

01 = Interrupt subpriority is 1

00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

CNIP<2:0>: Input Change Interrupt Priority bits
111 = Interrupt priority is 7

110 = Interrupt priority is 6

101 = Interrupt priority is 5

100 = Interrupt priority is 4

011 = Interrupt priority is 3

010 = Interrupt priority is 2

001 = Interrupt priority is 1

000 = Interrupt is disabled

CNIS<1:0>: Input Change Subpriority bits

11 = Interrupt subpriority is 3

10 = Interrupt subpriority is 2

01 = Interrupt subpriority is 1

00 = Interrupt subpriority is 0
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REGISTER 8-14: IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6 (CONTINUED)

bit 15-13 Reserved: Write ‘0’; ignore read

bit 12-10 12C1IP<2:0>: 12C1 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 9-8 12C11S<1:0>: 12C1 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

bit 7-5 Reserved: Write ‘0’; ignore read

bit 4-2 U1IP<2:0>: UART1 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 1-0 U11S<1:0>: UART1 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-15:

IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — SPI2IP<2:0> SPI2I1S<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — CMP2IP<2:0> CMP2IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — CMP1IP<2:0> CMP11S<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — PMPIP<2:0> PMPIS<1:0>
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit

P = Programmable bit

r = Reserved bit

bit 31-29 Reserved: Write ‘0’; ignore read
bit 28-26 SPI2IP<2:0>: SPI2 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 25-24 SPI2IS<1:0>: SPI2 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 23-21 Reserved: Write ‘0’; ignore read
bit 20-18 CMP2IP<2:0>: Compare 2 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 17-16 CMP2IS<1:0>: Compare 2 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-15: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7 (CONTINUED)
bit 15-13 Reserved: Write ‘0’; ignore read
bit 12-10 CMP1IP<2:0>: Compare 1 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 9-8 CMP1IS<1:0>: Compare 1 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 7-5 Reserved: Write ‘0’; ignore read
bit 4-2 PMPIP<2:0>: Parallel Master Port Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 1-0 PMPIS<1:0>: Parallel Master Port Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-16:

IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RTCCIP<2:0> RTCCIS<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — FSCMIP<2:0> FSCMIS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — 12C2IP<2:0> 12C21S<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — U2IP<2:0> U21S<1:0>
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit

r = Reserved bit

bit 31-29
bit 28-26

bit 25-24

bit 23-21
bit 12-10

bit 9-8

Reserved: Write ‘0’; ignore read

RTCCIP<2:0>: Real-Time Clock Interrupt Priority bits
111 = Interrupt priority is 7

110 = Interrupt priority is 6

101 = Interrupt priority is 5

100 = Interrupt priority is 4

011 = Interrupt priority is 3

010 = Interrupt priority is 2

001 = Interrupt priority is 1

000 = Interrupt is disabled

RTCCIS<1:0>: Real-Time Clock Interrupt subpriority bits
11 = Interrupt subpriority is 3

10 = Interrupt subpriority is 2

01 = Interrupt subpriority is 1

00 = Interrupt subpriority is 0

Reserved: Write ‘0’; ignore read

FSCMIP<2:0>: Fail-Safe Clock Monitor Interrupt Priority bits
111 = Interrupt priority is 7

110 = Interrupt priority is 6

101 = Interrupt priority is 5

100 = Interrupt priority is 4

011 = Interrupt priority is 3

010 = Interrupt priority is 2

001 = Interrupt priority is 1

000 = Interrupt is disabled

FSCMIS<1:0>: Fail-Safe Clock Monitor Interrupt subpriority bits
11 = Interrupt subpriority is 3

10 = Interrupt subpriority is 2

01 = Interrupt subpriority is 1

00 = Interrupt subpriority is 0
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REGISTER 8-16: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8 (CONTINUED)

bit 15-13 Reserved: Write ‘0’; ignore read

bit 12-10 12C2IP<2:0>: 12C2 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 9-8 12C21S<1:0>: 12C2 Interrupt subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

bit 7-5 Reserved: Write ‘0’; ignore read

bit 4-2 U2IP<2:0>: UART?2 Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 1-0 U21S<1:0>: UART?2 subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-17:

IPC9: INTERRUPT PRIORITY CONTROL REGISTER 9

r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DMA3IP<2:0> DMA3IS<1:0>
bit 31 bit 24
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DMA2I1P<2:0> DMAZ2IS<1:0>
bit 23 bit 16
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DMA1IP<2:0> DMA1IS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DMAOIP<2:0> DMAOIS<1:0>
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit r = Reserved bit

U = Unimplemented bit

P = Programmable bit

bit 31-29 Reserved: Write ‘0’; ignore read
bit 28-26 DMA3IP<2:0>: DMAS3 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 25-24 DMA3IS<1:0>: DMAS3 Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
bit 23-21 Reserved: Write ‘0’; ignore read
bit 20-18 DMA2IP<2:0>: DMA2 Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 17-16 DMAZ2IS<1:0>: DMA2 Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-17:  IPC9: INTERRUPT PRIORITY CONTROL REGISTER 9 (CONTINUED)

bit 15-13 Reserved: Write ‘0’; ignore read

bit 12-10 DMAL1IP<2:0>: DMAL Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 9-8 DMA1IS<1:0>: DMAL Interrupt Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0

bit 7-5 Reserved: Write ‘0’; ignore read

bit 4-2 DMAOIP<2:0>: DMAO Interrupt Priority bits

111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled

bit 1-0 DMAOIS<1:0>: DMAO Subpriority bits

11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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REGISTER 8-18: IPC11: INTERRUPT PRIORITY CONTROL REGISTER 11

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
— — — USBIP<2:0> USBIS<1:0>
bit 15 bit 8
r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — FCEIP<2:0> FCEIS<1:.0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-13 Reserved: Write ‘0’; ignore read
bit 12-10 USBIP<2:0>: USB Interrupt Priority bits

111 = Interrupt Priority is 7
110 = Interrupt Priority is 6
101 = Interrupt Priority is 5
100 = Interrupt Priority is 4
011 = Interrupt Priority is 3
010 = Interrupt Priority is 2
001 = Interrupt Priority is 1
000 = Interrupt is disabled
bit 9-8 USBIS<1:0>: USB Sub-Priority bits
11 = Interrupt Sub-Priority is 3
10 = Interrupt Sub-Priority is 2
01 = Interrupt Sub-Priority is 1
00 = Interrupt Sub-Priority is 0
bit 7-5 Reserved: Write ‘0’; ignore read
bit 4-2 FCEIP<2:0>: Flash Control Event Interrupt Priority bits
111 = Interrupt priority is 7
110 = Interrupt priority is 6
101 = Interrupt priority is 5
100 = Interrupt priority is 4
011 = Interrupt priority is 3
010 = Interrupt priority is 2
001 = Interrupt priority is 1
000 = Interrupt is disabled
bit 1-0 FCEIS<1:0>: Flash Control Event Interrupt Subpriority bits
11 = Interrupt subpriority is 3
10 = Interrupt subpriority is 2
01 = Interrupt subpriority is 1
00 = Interrupt subpriority is 0
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TABLE 8-2: INTERRUPT IRQ AND VECTOR LOCATION
Interrupt Source IRQYW Vector Number
Highest Natural Order Priority
CT — Core Timer Interrupt 0 0
CSO0 - Core Software Interrupt 0 1 1
CS1 — Core Software Interrupt 1 2 2
INTO — External Interrupt O 3 3
T1 - Timerl 4 4
IC1 — Input Capture 1 5 5
OC1 — Output Compare 1 6 6
INT1 — External Interrupt 1 7 7
T2 — Timer2 8 8
IC2 — Input Capture 2 9 9
OC2 — Output Compare 2 10 10
INT2 — External Interrupt 2 11 11
T3 - Timer3 12 12
IC3 — Input Capture 3 13 13
OC3 — Output Compare 3 14 14
INT3 — External Interrupt 3 15 15
T4 — Timer4 16 16
IC4 — Input Capture 4 17 17
OC4 — Output Compare 4 18 18
INT4 — External Interrupt 4 19 19
T5 — Timer5 20 20
IC5 — Input Capture 5 21 21
OC5 — Output Compare 5 22 22
SPI1E — SPI1 Fault 23 23
SPI1TX — SPI1 Transfer Done 24 23
SPI1RX — SPI1 Receive Done 25 23
U1lE — UART1 Error 26 24
U1RX — UART1 Receiver 27 24
U1TX — UART1 Transmitter 28 24
12C1B — I2C1 Bus Collision Event 29 25
12C1S - I2C1 Slave Event 30 25
12C1M — 12C1 Master Event 31 25
CN — Input Change Interrupt 32 26
AD1 - ADC1 convert done 33 27
PMP — Parallel Master Port 34 28
CMP1 — Comparator Interrupt 35 29
CMP2 — Comparator Interrupt 36 30
SPI2E — SPI2 Fault 37 31
SPI2TX — SPI2 Transfer Done 38 31

Note 1:
definitions.

The “IRQ Number” in Table 8-2 is also the “Interrupt Number” listed in the IFSx, IECx and IPSx register

© 2008 Microchip Technology Inc.
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TABLE 8-2: INTERRUPT IRQ AND VECTOR LOCATION (CONTINUED)

Interrupt Source IRQYW Vector Number

SPI2RX — SPI2 Receive Done 39 31
U2E — UART2 Error 40 32
U2RX — UART2 Receiver 41 32
U2TX — UART2 Transmitter 42 32
12C2B — 12C2 Bus Collision Event 43 33
12C2S — 12C2 Slave Event 44 33
12C2M — 12C2 Master Event 45 33
FSCM - Fail-Safe Clock Monitor 46 34
RTCC - Real-Time Clock 47 35
DMAO — DMA Channel 0 48 36
DMA1 — DMA Channel 1 49 37
DMA2 — DMA Channel 2 50 38
DMA3 — DMA Channel 3 51 39
FCE - Flash Control Event 56 44
USB 57 45
(Reserved)

Lowest Natural Order Priority

Note 1: The “IRQ Number” in Table 8-2 is also the “Interrupt Number” listed in the IFSx, IECx and IPSx register

definitions.
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8.2 Operation

The interrupt controller is responsible for pre-
processing Interrupt Requests (IRQ) from a number of
on-chip peripherals and presenting them in the
appropriate order to the processor.

Figure 8-2 depicts the process within the interrupt con-
troller module. The interrupt controller is designed to
receive up to 96 IRQs from the processor core and
from on-chip peripherals capable of generating inter-
rupts. All IRQs are sampled on the rising edge of the
SYSCLK and latched in associated IFSx registers. A
pending IRQ is indicated by the flag bit being equal to
1" in an IFSx register. The pending IRQ will not cause
further processing if the corresponding bit in the Inter-
rupt Enable (IECx) register is clear. The IECx bits act to
gate the interrupt flag. If the interrupt is enabled, all
IRQs are encoded into a 5-bit wide vector number. The
5-bit vector results in 0 to 63 unique interrupt vector
numbers. Since there are more IRQs than available
vector numbers, some IRQs share common vector
numbers. Each vector number is assigned an interrupt
priority level and shadow set number. The priority level
is determined by the IPCx register setting of the asso-
ciated vector. In Multi-Vector mode, all priority level 7
interrupts use a dedicated register set, while in Single
Vector mode, all interrupts may receive a dedicated
shadow set. The interrupt controller selects the highest
priority IRQ among all pending IRQs and presents the
associated vector number, priority level and shadow
set number to the processor core.

The processor core samples the presented vector
information between the ‘E’ and ‘M’ stage of the pipe-
line. If the vector’s priority level presented to the core is
greater than the current priority indicated by the CPU
Interrupt Priority bits IPLXx (Status<15:10>), the inter-
rupt is serviced; otherwise, it will remain pending until
the current priority is less than the interrupt's priority.
When servicing an interrupt, the processor core pushes
the program counter into the Exception Program Coun-
ter (EPC) register in the CPU and sets Exception Level
bit EXL (Status<1>) in the CPU. The EXL bit disables
further interrupts until the application explicitly re-
enables them by clearing the EXL bit. Next, it branches
to the vector address calculated from the presented
vector number.

The INTSTAT register contains the Interrupt Vector
Number bits, VEC (INTSTAT<5:0>), and Requested
Interrupt Priority bits, RIPLx (INTSTAT<10:8>), of the
current pending interrupt. This may not be the same as
the interrupt which caused the core to diverge from
normal execution.

The processor returns to the previous state when the
ERET (Exception Return) instruction is executed. ERET
clears the EXL bit, restores the program counter and
reverts the current shadow set to the previous one.

The PIC32MX3XX/4XX interrupt controller can be con-
figured to operate in one of two modes:

« Single Vector mode — all interrupt requests will be
serviced at one vector address (mode out of
Reset).

« Multi-Vector mode — interrupt requests will be
serviced at the calculated vector address.

Notes: While the user can, during run time,
reconfigure the interrupt controller from
Single Vector to Multi-Vector mode (or
vice versa), such action is strongly dis-
couraged. Changing interrupt controller
modes after initialization may result in
undefined behavior.

The M4K core supports several different
interrupt processing modes. The interrupt
controller is designed to work in External
Interrupt Controller mode.

© 2008 Microchip Technology Inc.
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FIGURE 8-2: INTERRUPT PROCESS
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Note: SRSCtl, Cause, Status, and IntCtl registers are CPU registers and are described in Section 2. “CPU".
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8.3

On any form of Reset, the interrupt controller initializes
to Single Vector mode. When the MVEC (INT-
CON<12>) bit is ‘0’, the interrupt controller operates in
Single Vector mode. In this mode, the CPU always vec-
tors to the same address.

Single Vector Mode

Users familiar with MIPS32 Architecture
must note that the M4K core in
PIC32MX3XX/4XX is still operating in
External Interrupt Controller (EIC) mode.

Note:

To configure the CPU in Single Vector mode, the follow-
ing CPU registers (IntCtl, Cause, and Status) and INT-
CON register must be configured as follows:

EBase = 00000

VS (IntCtl<9:5>) = 00000
IV (Cause<23>) =1

EXL (Status<1>) =0

BEV (Status<22>) =0
MVEC (INTCON<12>) =0
IE (Status<0>) =1

The PIC32MX3XX/4XX achieves Single
Vector mode by forcing all IRQs to use a
vector number of 0x00. Because the M4K
core in PIC32MX3XX/4XX always oper-
ates in EIC mode, the single vector behav-
ior through “Interrupt Compatibility Mode,”
as defined by MIPS32 Architecture, is not
recommended.

EXAMPLE 8-1: SINGLE VECTOR MODE INITIALIZATION

/*
Set the CPO registers for multi-vector interrupt
Pl ace EBASE at 0xBD000000

This code exanple uses MPLAB C32 intrinsic functions to access CPO registers.

Check your conpiler docunentation to find equivalent functions or use inline assenbly
*/

unsi gned int tenp;

asmvol atile(“di”); /1 Disable all interrupts

tenp = _CPO_GET_STATUS(); /] Cet Status

tenp | = 0x00400000; /1 Set BEV bit

_CPO_SET_STATUS(t enp) ; /1 Update Status

_CPO_SET_EBASE( 0xBD000000) ; /] Set an EBase val ue of 0xBDO00000
_CPO_SET_I NTCTL( 0x00000020) ; /'l Set the Vector Spacing to non-zero val ue
temp = _CPO_GET_CAUSE(); /1 Get Cause

tenp | = 0x00800000; Il Set IV

_CPO_SET_CAUSE(t enp) ; /1 Update Cause

temp = _CPO_CET_STATUS() ; /] Get Status

tenp &= OxFFBFFFFD; /1 Cear BEV and EXL
_CPO_SET_STATUS(t enp) ; /1 Update Status

I NTCONCLR = 0x1000; /1 O ear MEC bit

asmvol atile(“ei”); /1 Enable all interrupts
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8.4 Multi-Vector Mode

When the MVEC (INTCON<12>) bit is ‘1’, the interrupt
controller operates in Multi-Vector mode. In this mode,
the CPU vectors to the unique address for each vector
number. Each vector is located at a specific offset, with
respect to a base address specified by the EBase reg-
ister in the CPU. The individual vector address offset is
determined by the vector space that is specified by the
VS bits in the IntCtl register. (The IntCtl register is
located in the CPU; refer to Section 2.0 "PIC32MX
MCU" of this manual for more information.)

EXAMPLE 8-2:

To configure the CPU in Multi-Vector mode, the follow-
ing CPU registers (IntCtl, Cause, and Status) and the
INTCON register must be configured as follows:

+ EBase = 00000

* VS (IntCtl<9:5>) = 00000

e IV (Cause<23>) =1

* EXL (Status<1>) =0

* BEV (Status<22>) =0

* MVEC (INTCON<12>) =1

* |E (Status<0>) =1

MULTI-VECTOR MODE INITIALIZATION

/*

*/
unsi gned int tenp;

Set the CPO registers for nulti-vector interrupt
Pl ace EBASE at 0xBD000000 and Vector Spacing to 32 bytes

This code exanple uses MPLAB C32 intrinsic functions to access CPO registers.
Check your conpiler docunentation to find equival ent functions or use inline assenbly

asmvol atile(“di”); /1 Disable all interrupts

tenp = _CPO_GET_STATUS(); /'l Get the CPO Status register

tenp | = _CPO_STATUS_BEV_MASK; /1] Set the BEV bit

_CPO_SET_STATUS(t enp) ; /'l Update the Status register
_CPO_SET_EBASE( 0xBD000000) ; /1 Set an EBASE Val ue (KsegO or Ksegl)
_CPO_SET_I NTCTL( 0x20); /'l Set the Vector Spacing

tenp = _CPO_CET_CAUSE(); /'l Get the CPO Cause register

tenp | = _CPO_CAUSE_| V_MASK; /1 Set the IV bit

_CPO_SET_CAUSE(t enp) ; /1 Update the Cause register

tenp = _CPO_GET_STATUS(); /'l Get the CPO Status register

temp & ~(_CPO_STATUS_EXL_MASK]| /'l Clear EXL and BEV bits
_CPO_STATUS_BEV_MASK;

_CPO_SET_STATUS(t enp) ; /'l Update the Status register

I NTCONSET = _| NTCON_MWEC_MASK; /1l Set the interrupt controller to nmulti-vectored node
asmvol atile(“ei”); /1 Enable all interrupts

asmvol atile(“ie”); /1 Enable all interrupts
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8.5 Interrupt Priorities

8.5.1 INTERRUPT GROUP PRIORITY

The user is able to assign a group priority to each of the
interrupt vectors. The groups’ priority level bits are
located in the IPCx register. Each IPCx register con-
tains group priority bits for four interrupt vectors. The
user-selectable priority levels range from 1 (the lowest
priority) to 7 (the highest). If an interrupt priority is set to
zero, the interrupt vector is disabled for both interrupt
and wake-up purposes. Interrupt vectors with a higher
priority level preempt lower priority interrupts. The user
must move the Requested Interrupt Priority bit of the

EXAMPLE 8-3:

Cause register, RIPLx (Cause<15:10>), into the Status
register’s Interrupt Priority bits, IPLx (Status<15:10>),
before re-enabling interrupts. (The Cause and Status
registers are located in the CPU; refer to Section 2.0
"PIC32MX MCU" of this manual for more information.)
This action will disable all lower priority interrupts until
the completion of the Interrupt Service Routine.

Note:  The Interrupt Service Routine (ISR) must
clear the associated interrupt flag in the
IFSx register before lowering the interrupt
priority level to avoid recursive interrupts.

SETTING GROUP PRIORITY LEVEL

/*

nmust be performed (See Exanple 8-2)
*/

The following code exanple will set the priority to |level 2.

Mul ti-Vector initialization

| PCOCLR = 0x0000001C; /1 clear the priority level
| PCOSET = 0x00000008; I/ set priority level to 2
85.2 INTERRUPT SUBPRIORITY IPCx register contains subpriority bits for four of the

The user can assign a subpriority level within each
group priority. The subpriority will not cause preemption
of an interrupt in the same priority; rather, if two inter-
rupts with the same priority are pending, the interrupt
with the highest subpriority will be handled first. The
subpriority bits are located in the IPCx register. Each

EXAMPLE 8-4:

SETTING SUBPRIORITY LEVEL

interrupt vectors. These bits define the subpriority
within the priority level of the vector. The user-
selectable subpriority levels range from 0 (the lowest
subpriority) to 3 (the highest).

/*

nust be perforned (See Exanple 8-2)
*/

| PCOCLR
| PCOSET

0x00000003;
0x00000002;

The follow ng code exanple will set the subpriority to level 2. Milti-Vector initialization

I/ clear the subpriority |evel
// set the subpriority to 2
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8.6 Interrupt Processing

When the priority of a requested interrupt is greater
than the current CPU priority, the interrupt request is
taken and the CPU branches to the vector address
associated with the requested interrupt. Depending on
the priority of the interrupt, the prologue and epilogue
of the interrupt handler must perform certain tasks
before executing any useful code. The following
examples provide recommended prologues and
epilogues.

8.6.1 INTERRUPT PROCESSING IN
SINGLE VECTOR MODE

When the interrupt controller is configured in Single
Vector mode, all of the interrupt requests are serviced
at the same vector address. The interrupt handler
routine must generate a prologue and an epilogue to
properly configure, save and restore all of the core reg-
isters, along with General Purpose Registers. At a
worst case, all of the modifiable General Purpose Reg-
isters must be saved and restored by the prologue and
epilogue.

8.6.1.1 Single Vector Mode Prologue

When entering the interrupt handler routine, the inter-
rupt controller must first save the current priority and
exception PC counter from Interrupt Priority bits, IPLx
(Status<15:10>), and the ErrorEPC register, respec-
tively, on the stack. (Status and ErrorEPC are CPU reg-
isters.) If the routine is presented a new register set, the
previous register set’s stack register must be copied to
the current set’s stack register. Then, the requested pri-
ority may be stored in the IPLx from the Requested
Interrupt Priority bits, RIPLx (Cause<15:10>), Excep-
tion Level bit, EXL, and Error Level bit, ERL, in the Sta-
tus register (Status<1> and Status<2>) are cleared and
the Master Interrupt Enable bit (Status<0>) is set.
Finally, the General Purpose Registers will be saved on
the stack. (The Cause and Status registers are located
in the CPU.)

EXAMPLE 8-5: SINGLE VECTOR

INTERRUPT HANDLER
PROLOGUE IN ASSEMBLY
CODE

rdpgpr sp, sp

nfcO k0, Cause

nfcO k1, EPC

srl k0, kO, Oxa

addiu sp, sp, -76

Sw k1, O(sp)

nfcO k1, Status

sSw k1, 4(sp)

ins k1, kO, 10, 6

ins k1, zero, 1, 4

nt cO k1, Status

Sw s8, 8(sp)

sw a0, 12(sp)

Sw al, 16(sp)

Sw a2, 20(sp)

sw a3, 24(sp)

Sw v0, 28(sp)

Sw vl, 32(sp)

sw t0, 36(sp)

sSw t1l, 40(sp)

Sw t2, 44(sp)

sw t3, 48(sp)

sSw t4, 52(sp)

Sw t5, 56(sp)

sw t6, 60(sp)

sSw t7, 64(sp)

sSw t8, 68(sp)

sw t9, 72(sp)

addu s8, sp, zero

/] start

interrupt handl er code here
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8.6.1.2 Single Vector Mode Epilogue

After completing all useful code of the interrupt handler
routine, the original state of the Status and EPC regis-
ters, along with the General Purpose Registers saved
on the stack, must be restored.

EXAMPLE 8-6: SINGLE VECTOR
INTERRUPT HANDLER
EPILOGUE IN ASSEMBLY
CODE

/'l end of interrupt handler code

addu sp, s8, zero
I w t9, 72(sp)
| w t8, 68(sp)
I'w t7, 64(sp)
I w t6, 60(sp)
| w t5, 56(sp)
I'w t4, 52(sp)
I w t3, 48(sp)
I w t2, 44(sp)
I'w t1l, 40(sp)
I w t0, 36(sp)
I'w vl, 32(sp)
Iw v0, 28(sp)

| w a3, 24(sp)
I'w a2, 20(sp)
I'w al, 16(sp)
| w a0, 12(sp)
| w s8, 8(sp)
di

| w k0, O(sp)
ntcO kO, EPC
I'w k0, 4(sp)
ntcO kO, Status
eret

8.6.2 INTERRUPT PROCESSING IN
MULTI-VECTOR MODE

When the interrupt controller is configured in Multi-
Vector mode, the interrupt requests are serviced at the
calculated vector addresses. The interrupt handler
routine must generate a prologue and an epilogue to
properly configure, save and restore all of the core reg-
isters, along with General Purpose Registers. At a
worst case, all of the modifiable General Purpose Reg-
isters must be saved and restored by the prologue and
epilogue. If the interrupt priority is set to receive its own
General Purpose Register set, the prologue and epi-
logue will not need to save or restore any of the modi-
fiable General Purpose Registers, thus providing the
lowest latency.

8.6.2.1 Multi-Vector Mode Prologue

When entering the interrupt handler routine, the Inter-
rupt Service Routine (ISR) must first save the current
priority and exception PC counter from Interrupt Priority
bits, IPL (Status<15:10>), and the ErrorEPC register,
respectively, on the stack. If the routine is presented a
new register set, the previous register set's stack regis-
ter must be copied to the current set’s stack register.
Then, the requested priority may be stored in the IPLx
from Requested Interrupt Priority bits, RIPLx
(Cause<15:10>), Exception Level bit, EXL, and Error
Level bit, ERL, in the Status register (Status<1> and
Status<2>) are cleared, and the Master Interrupt
Enable bit (Status<0>) is set. If the interrupt handler is
not presented a new General Purpose Register set,
these resisters will be saved on the stack. (Cause and
Status are CPU registers; refer to Section 2.0
"PIC32MX MCU" of this manual for more information.)
EXAMPLE 8-7: PROLOGUE WITHOUT A
DEDICATED GENERAL
PURPOSE REGISTER SET

IN ASSEMBLY CODE
rdpgpr sp, sp
nfcO k0, Cause
nfcO k1, EPC
srl kO, kO, Oxa
addiu sp, sp, -76
sw k1, O(sp)
nfcO k1, Status
sw k1, 4(sp)
ins k1, kO, 10, 6
ins k1, zero, 1, 4
nt cO k1, Status
sw s8, 8(sp)
Sw a0, 12(sp)
sw al, 16(sp)
sw a2, 20(sp)
Sw a3, 24(sp)
sw v0, 28(sp)
sw vl, 32(sp)
Sw t0, 36(sp)
sw t1, 40(sp)
sw t2, 44(sp)
sSw t3, 48(sp)
sw t4, 52(sp)
sw t5, 56(sp)
sSw t6, 60(sp)
sw t7, 64(sp)
sw t8, 68(sp)
Sw t9, 72(sp)
addu s8, sp, zero
/1 start interrupt handl er code here
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EXAMPLE 8-8: PROLOGUE WITH A EXAMPLE 8-10: EPILOGUE WITH A

DEDICATED GENERAL DEDICATED GENERAL
PURPOSE REGISTER SET PURPOSE REGISTER SET
IN ASSEMBLY CODE IN ASSEMBLY CODE

rdpgpr sp, sp /1 end of interrupt handl er code

nfcO k0, Cause

nfcoO k1, EPC addu sp, s8, zero

srl kO, kO, Oxa di

addiu sp, sp, -76 | w kO, O(sp)

sw k1, 0(sp) nt cO k0, EPC

nfcO k1, Status |w kO, 4(sp)

sw k1, 4(sp) mcO kO, Status

ins k1, kO, 10, 6 eret

ins k1, zero, 1, 4

nt cO k1, Status

addu s8, sp, zero

// start interrupt handler code here

8.6.2.2

Multi-Vector Mode Epilogue

After completing all useful code of the interrupt handler
routine, the original state of the Status and ErrorEPC
registers, along with the General Purpose Registers
saved on the stack, must be restored. (The Status and
ErrorEPC registers are located in the CPU; refer to
Section 2.0 "PIC32MX MCU" of this manual for more

information.)

EXAMPLE 8-9: EPILOGUE WITHOUT A

DEDICATED GENERAL
PURPOSE REGISTER SET
IN ASSEMBLY CODE

/1 end of interrupt handl er code

addu sp, s8, zero

I w t9, 72(sp)

| w t8, 68(sp)

I w t7, 64(sp)

I'w t6, 60(sp)

| w t5, 56(sp)

I'w t4, 52(sp)

I w t3, 48(sp)

I w t2, 44(sp)

I'w t1, 40(sp)

I'w t0, 36(sp)

| w vl, 32(sp)

I'w v0, 28(sp)

I'w a3, 24(sp)

I w a2, 20(sp)

I'w al, 16(sp)

I'w a0, 12(sp)

I w s8, 8(sp)

di

I'w k0, O(sp)

nt cO k0, EPC

I w k0, 4(sp)

nt cO k0, Status

eret
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8.7 External Interrupts

The interrupt controller supports five external interrupt-
request signals (INT4-INTO). These inputs are edge
sensitive; they require a low-to-high or a high-to-low
transition to create an interrupt request. The INTCON
register has five bits that select the polarity of the edge
detection circuitry: INT4EP (INTCON<4>), INT3EP
(INTCON<3>), INT2EP (INTCON<2>), INT1EP (INT-
CON<1>) and INTOEP (INTCON<0>).

Note: Changing the external interrupt polarity
may trigger an interrupt request. It is rec-
ommended that before changing the
polarity, the user disables that interrupt,
changes the polarity, clears the interrupt

flag and re-enables the interrupt.

EXAMPLE 8-11:

SETTING EXTERNAL INTERRUPT POLARITY

/*

The followi ng code exanple will set INT3 to trigger on a high to low transition edge. The CPU
nmust be set up for either nmulti or single vector interrupts to handle external interrupts

*/

| ECOCLR = 0x00008000; /1 disable INT3

I NTCONCLR = 0x00000008; /'l clear the bit for falling edge trigger
| FSOCLR = 0x00008000; /Il clear the interrupt flag

| ECOSET = 0x00008000; /1 enable I NT3

8.8 Temporal Proximity Interrupt
Coalescing

The PIC32MX3XX/4XX CPU responds to interrupt
events as if they are all immediately critical because
the interrupt controller asserts the interrupt request to
the CPU when the interrupt request occurs. The CPU
immediately recognizes the interrupt if the current CPU
priority is lower than the pending priority. Entering and
exiting an ISR consumes clock cycles for saving and
restoring context. Events are asynchronous with
respect to the main program and have a limited
possibility of occurring simultaneously or close together
in time. This prevents the ability of a shared ISR to
process multiple interrupts at one time.

EXAMPLE 8-12:

Interrupt proximity interrupt uses the interrupt proximity
timer, IPTMR, to create a temporal window in which a
group of interrupts of the same, or lower, priority will be
held off. The user can activate temporal proximity inter-
rupt coalescing by performing the following steps:

» Set the TPC<2:0> INTCON<10:8> bit to the pre-
ferred priority level. (Setting TPC to zero will dis-
able the proximity timer.)

 Load the preferred 32-bit value to IPTMR.

The interrupt proximity timer will trigger when an inter-

rupt request of a priority equal, or lower, matches the
TPC value.

INTERRUPT PROXIMITY INTERRUPT COALESCING EXAMPLE

/*

*/

The followi ng code exanple will set the Interrupt Proximty Coal escing to trigger on interrupt
priority level of 3 or below and the interrupt timer to be set to 0x12345678.

I NTCONCLR = 0x00000700; /'l clear TPC

| PTMPCLR = OXFFFFFFFF; /1 clear the tinmner

I NTCONSET = 0x00000300; /1 set TPC->3

| PTMR = 0x12345678; /] set the timer to 0x12345678
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NOTES:
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9.0 PREFETCH CACHE

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

The Prefetch cache increases performance for appli-
cations executing out of the cacheable program flash
memory region by implementing instruction caching,
data caching and instruction prefetching.

9.1 Features

16 Fully Associative Lockable Cache Lines
« 16-byte Cache Lines
» Up to 4 Cache Lines allocated to Data

» 2 Cache Lines with Address Mask to hold
repeated instructions

» Pseudo LRU replacement policy

« All Cache Lines are software writable
» 16-byte parallel memory fetch
 Predictive Instruction Prefetch

FIGURE 9-1: PREFETCH MODULE BLOCK DIAGRAM
FSM CTRL -~
5 Tag Logic Cache Line
& |CTRL
X ™ Bus Ctrl
= ~ =
Cache Ctrl [ » o
L =
=
[ai]
Prefetch Citrl Cache .
Hit LRU d"é“e RDATA |
Address L,
Miss LRU Encode
‘ Y
I » Pre-Fetch [ Pre-Fetch -
4
=
= a
O‘ o
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TABLE 9-1: PREFETCH SFR SUMMARY
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_4000 [CHECON 31:24 — — — — — — — —
23:16 — — — — — — — CHECOH
15:8 — — — — — — DCSZ<1:0>
7:0 — — PREFEN<1:0> — PFMWS<2:0>
BF88_4004 [CHECONCLR| 31:0 Clears selected bits in CHECON, read yields undefined value
BF88_4008 [CHECONSET| 31:0 Sets selected bits in CHECON, read yields undefined value
BF88_400C |[CHECONINV | 31:0 Inverts selected bits in CHECON, read yields undefined value
BF88_4010 [CHEACC 31:24| CHEWEN — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 — — — — CHEIDX<3:0>
BF88_4014 [CHEACCCLR| 31:0 Clears selected bits in CHEACC, read yields undefined value
BF88_4018 [CHEACCSET | 31:0 Sets selected bits in CHEACC, read yields undefined value
BF88_401C |CHEACCINV | 31:0 Inverts selected bits CHEACC, read yields undefined value
BF88_4020 |CHETAG 31:24| LTAGBOOT — — — | — | — | — | —
23:16 LTAG<23:16>
15:8 LTAG<15:8>
7:0 LTAG<7:4> | waLD [ LLocK | LTYPE | —
BF88_4024 [CHETAGCLR | 31:0 Clears selected bits in CHETAG, read yields undefined value
BF88_4028 [CHETAGSET | 31:0 Sets selected bits in CHETAG, read yields undefined value
BF88_402C |CHETAGINV | 31:0 Inverts selected bits CHETAG, read yields undefined value
BF88_4030 [CHEMSK 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 LMASK<15:8>
7:0 LMASK<7:5> — — — — —
BF88_4034 [CHEMSKCLR| 31:0 Clears selected bits in CHEMSK, read yields undefined value
BF88_4038 [CHEMSKSET | 31:0 Sets selected bits in CHEMSK, read yields undefined value
BF88_403C |CHEMSKINV | 31:0 Inverts selected bits CHEMSK, read yields undefined value
BF88_4040 [CHEWO 31:24 CHEWO0<31:24>
23:16 CHEWO0<23:16>
15:8 CHEWO0<15:8>
7:0 CHEWO0<7:0>
BF88_4050 [CHEW1 31:24 CHEW1<31:24>
23:16 CHEW1<23:16>
15:8 CHEW1<15:8>
7:0 CHEW1<7:0>
BF88_4060 [CHEW2 31:24 CHEW2<31:24>
23:16 CHEW2<23:16>
15:8 CHEW2<15:8>
7:0 CHEW2<7:0>
BF88_4070 [CHEW3 31:24 CHEW3<31:24>
23:16 CHEW3<23:16>
15:8 CHEW3<15:8>
7:0 CHEW3<7:0>
BF88_4080 [CHELRU 31:24 — — — — — — — CHELRU<24>
23:16 CHELRU<23:16>
15:8 CHELRU<15:8>
7:0 CHELRU<7:0>>
BF88_4090 [CHEHIT 31:24 CHEHIT<31:24>
23:16 CHEHIT<23:16>
15:8 CHEHIT<15:8>
7:0 CHENIT<7:0>
BF88_40A0 |CHEMIS 31:24 CHEMIS<31:24>
23:16 CHEMIS<23:16>
15:8 CHEMIS<15:8>
7:0 CHEMIS<7:0>
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TABLE 9-1: PREFETCH SFR SUMMARY (CONTINUED)
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_40CO0 [CHEPFABT | 31:24 CHEPFABT<31:24>
23:16 CHEPFABT<23:16>
15:8 CHEPFABT<15:8>
7:0 CHEPFABT<7:0>
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9.2 Prefetch Registers
REGISTER 9-1: CHECON: CACHE CONTROL REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x R/W-0
— — — — — — — CHECOH
bit 23 bit 16
r-x r-x r-0 r-0 r-x r-x R/W-0 R/W-0
— — — — — — DCSZ<1:0>
bit 15 bit 8
r-x r-x R/W-0 R/W-0 r-x R/W-1 R/W-1 R/W-1
— — PREFEN<1:0> — PFMWS<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-17 Reserved: Write ‘0’; ignore read
bit 16 CHECOH: Cache Coherency setting on a PFM Program Cycle bit
1 = Invalidate all data and instruction lines
0 = Invalidate all data lines and instruction lines that are not locked
bit 15-14 Reserved: Write ‘0’; ignore read
bit 13-12 Reserved: Must be written with zeros
bit 11-10 Reserved: Write ‘0’; ignore read
bit 9-8 DCSZ<1:0>: Data Cache Size in Lines bits
11 = Enable data caching with a size of 4 Lines
10 = Enable data caching with a size of 2 Lines
01 = Enable data caching with a size of 1 Line
00 = Disable data caching
Changing this field causes all lines to be re-initialized to the “invalid” state.
bit 7-6 Reserved: Write ‘0’; ignore read
bit 5-4 PREFEN<1:0>: Predictive Prefetch Cache Enable bits
11 = Enable predictive prefetch cache for both cacheable and non-cacheable regions
10 = Enable predictive prefetch cache for non-cacheable regions only
01 = Enable predictive prefetch cache for cacheable regions only
00 = Disable predictive prefetch cache
bit 3 Reserved: Write ‘0’; ignore read
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REGISTER 9-1: CHECON: CACHE CONTROL REGISTER (CONTINUED)
bit 2-0 PFMWS<2:0>: PFM Access Time Defined in terms of SYSLK Wait states bits

111 = Seven Wait states
110 = Six Wait states
101 = Five Wait state
100 = Four Wait states
011 = Three Wait states
010 = Two Wait states
001 = One Wait state
000 = Zero Wait states
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REGISTER 9-2: CHEACC: CACHE ACCESS

R/W-0 r-x r-x r-X r-x r-x r-x r-x
CHEWEN — — — — — — —
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
bit 15 bit 8
r-x r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0
— — — — CHEIDX<3:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31 CHEWEN: Cache Access Enable bits for registers CHETAG, CHEMSK, CHEWO0, CHEW1, CHEW?2,
and CHEW3

1 = The cache line selected by CHEIDX is writable
0 = The cache line selected by CHEIDX is not writable

bit 30-4 Reserved: Write ‘0’; ignore read

bit 3-0 CHEIDX<3:0>: Cache Line Index bits
The value selects the cache line for reading or writing.
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REGISTER 9-3: CHETAGW: CACHE TAG REGISTER
R/W-0 r-x r-x r-x r-x r-x r-x r-x
LTAGBOOT — — — — — — —
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
LTAG<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
LTAG<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-0 R/W-0 R/W-1 r-0
LTAG<7:4> LVALID LLOCK LTYPE —
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit
-n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

r = Reserved bit

bit 31

bit 30-24
bit 23-4

bit 3

bit 2

bit 1

bit 0
Note 1:

LTAGBOOT: Line TAG Address Boot

1 = The line is in the 0x1D00000O0 (physical) area of memory
0 = The line is in the 0x1FC00000 (physical) area of memory

Reserved: Write ‘0’; ignore read

LTAG<23:4>: Line TAG Address bits

LTAG bits are compared against physical address <23:4> to determine a hit. Because its address
range and position of Flash in kernel space and user space, the LTAG Flash address is identical for
virtual addresses, (system) physical addresses, and Flash physical addresses.

LVALID: Line Valid bit

1 =The line is valid and is compared to the physical address for hit detection
0 = The line is not valid and is not compared to the physical address for hit detection

LLOCK: Line Lock bit

1 =The line is locked and will not be replaced
0 = The line is not locked and can be replaced

LTYPE: Line Type bit

1 = The line caches instruction words
0 = The line caches data words

Reserved:

The TAG and Status of the Line pointed to by CHEIDX (CHEACC<3:0>).

© 2008 Microchip Technology Inc.
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REGISTER 9-4: CHEMSK®: CACHE TAG MASK REGISTER
r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
LMASK<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 r-x r-x r-x r-x r-x
LMASK<7:5> — — — — —
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit

P = Programmable bit

r = Reserved bit

1 = Enables mask logic to force a match on the corresponding bit position in LTAG (CHETAG<23:4>)

0 = Only writable for values of CHEIDX (CHEACC<3:0>) equal to OxOA and OxOB.

bit 31-16 Reserved: Write ‘0’; ignore read

bit 15-5 LMASK<15:5>: Line Mask bits
and the physical address.
Disables mask logic.

bit 4-0 Reserved: Write ‘0’; ignore read

Note 1:

The TAG Mask of the Line pointed to by CHEIDX (CHEACC<3:07>).
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REGISTER 9-5: CHEWO: CACHE WORD 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
CHEWO0<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEWO0<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEWO0<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEWO0<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘0’, ‘1’, x = Unknown)
bit 31-0 CHEWO0<31:0>: Word 0 of the cache line selected by CHEACC.CHEIDX

Readable only if the device is not code-protected.
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REGISTER 9-6: CHEW1: CACHE WORD 1

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW1<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW1<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW1<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEWI1<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 CHEW1<31:0>: Word 1 of the cache line selected by CHEACC.CHEIDX

Readable only if the device is not code-protected.
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REGISTER 9-7: CHEW?2 CACHE WORD 2

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW2<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW2<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW?2<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW2<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 CHEW?2<31:0>: Word 2 of the cache line selected by CHEACC.CHEIDX

Readable only if the device is not code-protected.
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REGISTER 9-8: CHEW3®): CACHE WORD 3

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW3<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW3<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW3<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEW3<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 CHEW3<31:0>: Word 3 of the cache line selected by CHEACC.CHEIDX

Readable only if the device is not code-protected.

Note 1: This register is a window into the cache data array and is readable only if the device is not code-protected.
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REGISTER 9-9: CHELRU: CACHE LRU REGISTER

r-x r-x r-x r-x r-x r-x r-x R-0
— — — — — — — CHELRU<24>
bit 31 bit 24
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
CHELRU<23-16>
bit 23 bit 16
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
CHELRU<15-8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
CHELRU<7-0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-25 Reserved: Write ‘0’; ignore read
bit 24-0 CHELRU<24:0>: Cache Least Recently Used State Encoding bits

CHELRU indicates the Pseudo-LRU state of the cache.
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REGISTER 9-10: CHEHIT: CACHE HIT STATISTICS REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEHIT<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEHIT<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEHIT<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEHIT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-0 CHEHIT<31:0>: Cache Hit Count bits

Incremented each time the processor issues an instruction fetch or load that hits the prefetch cache
from a cacheable region. Non-cacheable accesses do not modify this value.
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REGISTER 9-11: CHEMIS: CACHE MISS STATISTICS REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEMIS<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEMIS<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEMIS<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEMIS<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 CHEMIS<31:0>: Cache Miss Count bits

Incremented each time the processor issues an instruction fetch from a cacheable region that misses
the prefetch cache. Non-cacheable accesses do not modify this value.
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REGISTER 9-12: CHEPFABT. PREFETCH CACHE ABORT STATISTICS REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEPFABT<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEPFABT<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEPFABT<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHEPFABT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-0 CHEPFABT<31:0>: Prefab Abort Count bits

Incremented each time an automatic prefetch cache is aborted due to a non-sequential instruction
fetch, load or store.
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9.3 Prefetch Configuration

The CHECON register controls the configurations
available for instruction and data caching of Program
Flash Memory.

In addition to normal instruction caching, the prefetch
cache has the ability to cache lines specifically for
Flash Memory data.

The CHECON.DCSZ field controls the number of lines
allocated to program data caching. Table 9-2 shows
the cache line relationship for values of DCSZ. The
data caching capability is for read only data such as
constants, parameters, table data, etc., that are not
modified.

EXAMPLE 9-1:

TABLE 9-2: PROGRAM DATA CACHE
DCSZ<1:0>| Lines Allocated to Program Data
00 None
01 Cache Line Number 15
10 Cache Line Number 14 and 15
11 Cache Line Number 12 through 15

The CHECON.PREFEN field controls predictive
prefetching, which allows the prefetch module to spec-
ulatively fetch the next 16-byte aligned set of instruc-
tions.

The prefetch module loads data into the data array only
on accesses to cacheable regions (CCA bits = 3).

EXAMPLE CODE: INITIALIZATION CODE FOR PREFETCH MODULE

/* Prefetch Cache Initialization */

tnp = _CPO_GET_CONFI ¥ ); // read CONFIG register

tnp | = 1, /'l ksegO cacheabl e
_CPO_SET_CONFI (t mp) ; /1l write CONFIG register
CHECON = (1<<4) | 3; /1 3 wait-states,

/1 Prefetching enabled for cached nenory

9.3.1 LINE LOCKING

Each line in the cache can be locked to hold its con-
tents. A line is locked if both LVALID = 1 and
LLOCK =1. If LVALID = 0 and LLOCK = 1, the
prefetch module issues a preload request (see below).
Locking cache lines may reduce the performance of
general program flow. However, if one or two functions
calls consume a significant percent of overall process-
ing, locking their address can provide improved perfor-
mance.

Though any number of lines can be locked, the cache
works most efficiently when locking either 1 or 4 lines.
If locking 4 lines, choose lines whose line number
divide by 4 have the same quotient. This locks an
entire LRU group which benefits the LRU algorithm.
For example, lines 8, 9, A, and B each have a quotient
of 2 when divided by 4.

EXAMPLE 9-2:

If cache lines are manually filled, it is recommended

that the following sequence be used:

1. Choose a cache line to fill.

2. Set the Lock and Valid bits of the cache line by
writing to CHETAG.

3. Write to each word of the cache line by writing to
CHEWO0, CHEW1, CHEW2, and CHEWS3.

EXAMPLE CODE: LOCKING A LINE IN PREFETCH MODULE

#def i ne LOCKED_LI NE_NUM 3
/* lock first line of funcl() in cache */
CHEACC = (1<<31) | LOCKED_LI NE_NUM

tnmp = (unsigned |ong)funcl;
| tagboot = (tnmp & 0x00c00000) ? O : 1;

CHETAG = (I tagboot<<31) | (tnp & 0x0007fff0) |

/1 locked and invalid
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9.3.2 PRELOAD BEHAVIOR

Application code can direct the prefetch module to pre-
form a preload of a cache line and lock it with instruc-
tions or data from the flash. The Preload function uses
the CHEACC.CHEIDX register field to select the
cache line into which the load is directed. Setting
CHEACC.CHEWEN to a ‘1’ enables writes to the
CHETAG register.

Writing CHETAG.LVALID =0 and
CHETAG.LLOCK = 1 causes a preload request to the
prefetch module. The controller acknowledges the
request in the cycle after the write and if possible stops
any outstanding flash access and stalls any CPU load
from the cache or Flash.

When it has finished or stalled the previous transac-
tion, it initiates a flash read to fetch the instructions or
data requested using the address in CHETAG.LTAG.
After the programmed number of Wait states as
defined by CHECON.PFMWS, the controller updates
the data array with the values read from flash. On the
update it sets CHETAG.LVALID = 1. The LRU state of
the line is not affected.

Once the controller finishes updating the cache, it
allows CPU requests to complete. If this request
misses the cache, the controller initiates a flash read
which incurs the full flash access time.

EXAMPLE 9-3:

9.3.3 ADDRESS MASK

Cache lines 10 and 11 allow masking of the CPU
address and tag address to force a match on corre-
sponding bits. The CHEMSK.LMASK field is set up to
compliment the interrupt vector spacing field in the
CPU. This feature allows boot code to lock the first
four instruction of a vector in the cache. If all vectors
contain identical instructions in their first four locations,
then setting the CHEMSK.LMASK to match the vector
spacing and the LTAG to match the vector base
address causes all the vector addresses to hit the
cache. The prefetch module responds with zero Wait
states and immediately initiates a fetch of the next set
of four instruction for the requesting vector if prefetch
is enabled.

Using CHEMSK.LMASK is restricted to aligned
address ranges. lts size allows for a max range of
32KB and a minimum spacing of 32B. Using the two
lines, in conjunction provides the ability to have differ-
ent ranges and different spacing.

Setting up the address mask such that more than one
line will match an address causes undefined results.
Therefore, it is highly recommended to set up masking
before entering cacheable code.

EXAMPLE CODE: DUPLICATION OF CODE USING MASK REGISTERS

#define | NT_LI NE_NUM 10

CHEACC = (1<<31) | | NT_LINE_NUM

tnp = (unsigned | ong)intbase;

| tagboot = (tnmp & 0x00c00000) ? O : 1;
CHETAG = (Il tagboot<<31) | (tnp & 0x0007fff0) | 6;
CHEMSK = OxeO; // first 4 instructions of intbase()

/1 locked and invalid
replicated 8 tines on 32-byte boundaries
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9.3.4 PREDICTIVE PREFETCH
BEHAVIOR

When configured for predictive prefetch on cacheable
addresses, the module predicts the next line address
and returns it into the pseudo LRU line of the cache. If
enabled, the prefetch function starts predicting based
on the first CPU instruction fetch. When the first line is
placed in the cache, the module simply increments the
address to the next 16-byte aligned address and starts
a flash access. When running linear code (i.e. no
jumps), the flash returns the next set of instructions
into the prefetch buffer on or before all instructions can
be executed from the previous line.

If at any time during a predicted flash access, a new
CPU address does not match the predicted one, the
flash access will be changed to the correct address.
This behavior does not cause the CPU access to take
any longer than without prediction.

If an access that misses the cache hits the prefetch
buffer, the instructions are placed in the pseudo LRU
line along with its address tag. The pseudo LRU value
is marked as the most recently used line and other
lines are updated accordingly. If an access misses
both the cache and the prefetch buffer, the access
passes to the flash and those returning instructions
are placed in the pseudo LRU line.

When configured for predictive prefetch on non-
cacheable addresses, the controller only uses the
prefetch buffer. The LRU cache line is not updated for
hits or fills so the cache remains intact. For linear
code, enabling predictive prefetch for non-cacheable
addresses allows the CPU to fetch instructions in zero
Wait states.

It is not useful to use non-cacheable predictive
prefetching when accesses to the flash are set for zero
Wait states. The controller holds prefetched instruc-
tions on the output of the flash for up to 3 clock cycles
(while the CPU is fetching from the buffer). This con-
sumes more power without any benefit for zero Wait
state flash accesses.

Predictive data prefetching is not supported. However,
a data access in the middle of a predictive instruction
fetch causes the prefetch controller to stop the flash
access for the instruction fetch and to start the data
load from flash. The predictive prefetch does not
resume, but instead waits for another instruction fetch.
At which time, it either fills the buffer because of a
miss, or starts a prefetch because of a hit.

9.3.5 COHERENCY SUPPORT

It is not possible to execute out of cache while pro-
gramming the flash memory. The flash controller stalls
the cache during the programming sequence. There-
fore, user code that initiates a programming sequence
must not be located in a cacheable address region.

If CHECON.CHECOH = 1, then coherency is strictly
supported by invalidating, unlocking, and clearing
masks for all lines whenever the Flash Program
Memory is written or programmed.

If CHECON.CHECOH = 0, then only lines that are not
locked are forced invalid. Lines that are locked are
retained.

9.4 Prefetch Module Interrupts and
Exceptions

The prefetch module does not generate any interrupts.

Exceptions can occur if cache lines are marked as valid
manually by writing to individual CHETAG registers
then executing code that hits one of these lines contain-
ing invalid instructions. Also manually placing data into
an un-locked cache line may cause a coherency prob-
lem from an eviction due to a cache miss in the middle
of the loading algorithm.

9.5 I/O Pin Configuration

The prefetch module does not use any external pins.

© 2008 Microchip Technology Inc.

Preliminary

DS61143D-page 195



PIC32MX3XX/4XX

NOTES:
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10.0 DIRECT MEMORY ACCESS

(DMA) CONTROLLER

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for
detailed description of this peripheral.

a

The PIC32MX Direct Memory Access (DMA) controller
is a bus master module useful for data transfers
between different devices without the CPU interven-
tion. The source and destination of a DMA transfer can
be any of the memory mapped modules existent in the
PIC32MX (such as Peripheral Bus (PBUS) devices:

SPI, UART, I12C™, etc.) or memory itself.

Following are some of the key features of the DMA

controller module:

» Four Identical Channels, each featuring:

- Auto-Increment Source and Destination
Address Registers

- Source and Destination Pointers
* Automatic Word-Size Detection:
- Transfer Granularity, down to byte level

- Bytes need not be word-aligned at source
and destination

* Fixed Priority Channel Arbitration
* Flexible DMA Channel Operating Modes:

- Manual (software) or automatic (interrupt)
DMA requests

- One-Shot or Auto-Repeat Block Transfer
modes

- Channel-to-channel chaining

* Flexible DMA Requests:

- A DMA request can be selected from any of
the peripheral interrupt sources

- Each channel can select any (appropriate)
observable interrupt as its DMA request
source

- A DMA transfer abort can be selected from
any of the peripheral interrupt sources

- Pattern (data) match transfer termination
Multiple DMA Channel Status Interrupts:

- DMA channel block transfer complete

- Source empty or half empty

- Destination full or half-full

- DMA transfer aborted due to an external
event

- Invalid DMA address generated
DMA Debug Support Features:

- Most recent address accessed by a DMA
channel

- Most recent DMA channel to transfer data
CRC Generation Module:

- CRC module can be assigned to any of the
available channels

- CRC module is highly configurable

TABLE 10-1: DMA CONTROLLER FEATURES
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FIGURE 10-1: DMA CONTROLLER BLOCK DIAGRAM
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10.1 DMA Controller Registers
TABLE 10-2: DMA GLOBAL SFR SUMMARY
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_3000 DMACON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 ON FRZ SIDL SUSPEND — — — —
7:0 — — — — — — —
BF88_3004 | DMACONCLR | 31:0 Write clears selected bits in DMACON, read yields undefined value
BF88_3008 | DMACONSET | 31:0 Write sets selected bits in DMACON, read yields undefined value
BF88_300C | DMACONINV | 31:0 Write inverts selected bits in DMACON, read yields undefined value
BF88_3010 DMASTAT 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 — — — — RDWR — DMACH<1:0>
BF88_3020 DMAADDR 31:24 DMAADDR<31:24>
23:16 DMAADDR<23:16>
15:8 DMAADDR<15:8>
7:0 DMAADDR<7:0>
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TABLE 10-3: DMA CRC SFR SUMMARY
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_3030 | DCRCCON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — PLEN<3:0>
7:0 CRCEN CRCAPP — — — — CRCCH<1:0>
BF88_3034 [ DCRCCONCLR| 31:0 Write clears selected bits in DCRCCON, read yields undefined value
BF88_3038 [ DCRCCONSET| 31:0 Write sets selected bits in DCRCCON, read yields undefined value
BF88_303C | DCRCCONINV | 31:0 Write inverts selected bits in DCRCCON, read yields undefined value
BF88_3040 | DCRCDATA | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 DCRCDATA<15:8>
7:0 DCRCDATA<7:0>
BF88_3044 [DCRCDATACLR| 31:0 Write clears selected bits in DCRCDATA, read yields undefined value
BF88_3048 [DCRCDATASET| 31:0 Write sets selected bits in DCRCDATA, read yields undefined value
BF88_304C | DCRCDATAINV | 31:0 Write inverts selected bits in DCRCDATA, read yields undefined value
BF88_3050 DCRCXOR 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 DCRCXOR<15:8>
7:0 DCRCXOR<7:0>
BF88_3054 |[ DCRCXORCLR| 31:0 Write clears selected bits in DCRCXOR, read yields undefined value
BF88_3058 | DCRCXORSET | 31:0 Write sets selected bits in DCRCXOR, read yields undefined value
BF88_305C | DCRCXORINV | 31:0 Write inverts selected bits in DCRCXOR, read yields undefined value
TABLE 10-4: DMA CHANNEL 0 SFR SUMMARY
Virtual Bit Bit Bit Bit Bit Bit Bit Bit
Address® Name 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
BF88_3060 DCHOCON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — CHCHNS
7:0 CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0>
BF88_3064 | DCHOCONCLR | 31:0 Write clears selected bits in DCHOCON, read yields undefined value
BF88_3068 | DCHOCONSET | 31:0 Write sets selected bits in DCHOCON, read yields undefined value
BF88_306C | DCHOCONINV | 31:0 Write inverts selected bits in DCHOCON, read yields undefined value
BF88_3070 | DCHOECON | 31:24 - | - 1T =1 =T =1 =1 =1 =
23:16 CHAIRQ<7:0>
15:8 CHSIRQ<7:0>
7.0 | CFORCE | CABORT | PATEN | SIRQEN | AIRQEN | — | — | —
BF88_3074 [DCHOECONCLR| 31:0 Write clears selected bits in DCHOECON, read yields undefined value
BF88_3078 [DCHOECONSET| 31:0 Write sets selected bits in DCHOECON, read yields undefined value
BF88_307C | DCHOECONINV | 31:0 Write inverts selected bits in DCHOECON, read yields undefined value
BF88_3080 DCHOINT 31:24 — — — — — — — —
23:16 | CHSDIE CHSHIE CHDDIE CHDHIE CHBCIE CHCCIE CHTAIE CHERIE
15:8 — — — — — — — —
7:0 CHSDIF CHSHIF CHDDIF CHDHIF CHBCIF CHCCIF CHTAIF CHERIF
BF88_3084 | DCHOINTCLR | 31:0 Write clears selected bits in DCHOINT, read yields undefined value
BF88_3088 | DCHOINTSET | 31:0 Write sets selected bits in DCHOINT, read yields undefined value
BF88_308C | DCHOINTINV 31:.0 Write inverts selected bits in DCHOINT, read yields undefined value
BF88_3090 DCHOSSA 31:24 CHSSA<31:24>
23:16 CHSSA<23:16>
15:8 CHSSA<15:8>
7:0 CHSSA<7:0>
BF88_3094 | DCHOSSACLR | 31:0 Write clears selected bits in DCHOSSA, read yields undefined value
BF88_3098 | DCHOSSASET | 31:.0 Write sets selected bits in DCHOSSA, read yields undefined value
BF88_309C | DCHOSSAINV | 31:0 Write inverts selected bits in DCHOSSA, read yields undefined value
Note 1:  The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.
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TABLE 10-4: DMA CHANNEL 0 SFR SUMMARY (CONTINUED)

Virtual Bit Bit Bit Bit Bit Bit Bit Bit
Address® Name 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
BF88_30A0 DCHODSA 31:24 CHDSA<31:24>

23:16 CHDSA<23:16>
15:8 CHDSA<15:8>
7:0 CHDSA<7:0>
BF88_30A4 | DCHODSACLR | 31:0 Write clears selected bits in DCHODSA, read yields undefined value
BF88_30A8 | DCHODSASET | 31:0 Write sets selected bits in DCHODSA, read yields undefined value
BF88_30AC | DCHODSAINV | 31:0 Write inverts selected bits in DCHODSA, read yields undefined value
BF88_30B0 DCHOSSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSSIZ<7:0>
BF88_30B4 | DCHOSSIZCLR | 31:0 Write clears selected bits in DCHOSSIZ, read yields undefined value
BF88_30B8 | DCHOSSIZSET | 31:0 Write sets selected bits in DCHOSSIZ, read yields undefined value
BF88_30BC | DCHOSSIZINV | 31:0 Write inverts selected bits in DCHOSSIZ, read yields undefined value
BF88_30C0 DCHODSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDSIZ<7:0>
BF88_30C4 | DCHODSIZCLR | 31:0 Write clears selected bits in DCHODSIZ, read yields undefined value
BF88_30C8 | DCHODSIZSET | 31:0 Write sets selected bits in DCHODSIZ, read yields undefined value
BF88_30CC | DCHODSIZINV | 31:0 Write inverts selected bits in DCHODSIZ, read yields undefined value
BF88_30D0| DCHOSPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSTR<7:0>
BF88_30E0 | DCHODPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDPTR<7:0>
BF88_30F0 DCHOCSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCSIZ<7:0>
BF88_30F4 | DCHOCSIZCLR | 31:0 Write clears selected bits in DCHOCSIZ, read yields undefined value
BF88_30F8 | DCHOCSIZSET | 31:0 Write sets selected bits in DCHOCSIZ, read yields undefined value
BF88_30FC | DCHOCSIZINV | 31:0 Write inverts selected bits in DCHOCSIZ, read yields undefined value
BF88_3100 | DCHOCPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCPTR<7:0>
BF88_3110 DCHODAT 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHPDAT<7:0>
BF88_3114 | DCHODATCLR | 31:0 Write clears selected bits in DCHODAT, read yields undefined value
BF88_3118 | DCHODATSET | 31:0 Write sets selected bits in DCHODAT, read yields undefined value
BF88_311C | DCHODATINV | 31:0 Write inverts selected bits in DCHODAT, read yields undefined value
Note 1:  The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.
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TABLE 10-5: DMA CHANNEL 0 INTERRUPT REGISTER SUMMARY)
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1070 IEC1 23:16 — — — — DMAZIE DMAZIE DMALIE DMAOIE
BF88_1040 IFS1 23:16 — — — — DMAZIF DMA2IF DMALIF DMAOIF
BF88_1120 IPC9 7:0 — — — DMAOIP<2:0> DMAOQIS<1:0>
Note 1:  This summary table contains partial register definitions that only pertain to the DMA peripheral. Refer to the PIC32MX Family Reference

Manual (DS61132) for a detailed description of these registers.

TABLE 10-6: DMA CHANNEL 1 SFR SUMMARY
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_3120 DCH1CON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — CHCHNS
7:0 CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0>
BF88_3124 | DCH1CONCLR | 31:0 Write clears selected bits in DCH1CON, read yields undefined value
BF88_3128 | DCHICONSET | 31:0 Write sets selected bits in DCH1CON, read yields undefined value
BF88_312C | DCH1CONINV | 31:0 Write inverts selected bits in DCH1CON, read yields undefined value
BF88_3130 | DCH1ECON | 31:24 - | - 1T =1 =T =1 =1 =1 =
23:16 CHAIRQ<7:0>
15:8 CHSIRQ<7:0>
7:0 | CFORCE | CABORT | PATEN | SIRQEN | AIRQEN | - | — | —
BF88_3134 [DCH1ECONCLR| 31:0 Write clears selected bits in DCH1ECON, read yields undefined value
BF88_3138 [DCH1ECONSET| 31:0 Write sets selected bits in DCH1ECON, read yields undefined value
BF88_313C | DCH1ECONINV | 31:0 Write inverts selected bits in DCH1ECON, read yields undefined value
BF88_3140 DCHIINT 31:24 — — — — — — — —
23:16 | CHSDIE CHSHIE CHDDIE CHDHIE CHBCIE CHCCIE CHTAIE CHERIE
15:8 — — — — — — — —
7:0 CHSDIF CHSHIF CHDDIF CHDHIF CHBCIF CHCCIF CHTAIF CHERIF
BF88_3144 | DCH1INTCLR | 31:0 Write clears selected bits in DCH1INT, read yields undefined value
BF88_3148 | DCH1INTSET | 31:.0 Write sets selected bits in DCH1INT, read yields undefined value
BF88_314C | DCHIINTINV 31:.0 Write inverts selected bits in DCH1INT, read yields undefined value
BF88_3150 DCH1SSA 31:24 CHSSA<31:24>
23:16 CHSSA<23:16>
15:8 CHSSA<15:8>
7:0 CHSSA<7:0>
BF88_3154 | DCH1SSACLR | 31:.0 Write clears selected bits in DCH1SSA, read yields undefined value
BF88_3158 | DCH1SSASET | 31:.0 Write sets selected bits in DCH1SSA, read yields undefined value
BF88_315C | DCH1SSAINV | 31:0 Write inverts selected bits in DCH1SSA, read yields undefined value
BF88_3160 DCH1DSA 31:24 CHDSA<31:24>
23:16 CHDSA<23:16>
15:8 CHDSA<15:8>
7:0 CHDSA<7:0>
BF88_3164 | DCH1DSACLR | 31:0 Write clears selected bits in DCH1DSA, read yields undefined value
BF88_3168 | DCH1DSASET | 31:.0 Write sets selected bits in DCH1DSA, read yields undefined value
BF88_316C | DCH1DSAINV | 31:0 Write inverts selected bits in DCH1DSA, read yields undefined value
BF88_3170 DCH1SSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSSIZ<7:0>
BF88_3174 | DCH1SSIZCLR | 31:0 Write clears selected bits in DCH1SSIZ, read yields undefined value
BF88_3178 | DCH1SSIZSET | 31:0 Write sets selected bits in DCH1SSIZ, read yields undefined value
BF88_317C | DCH1SSIZINV | 31:0 Write inverts selected bits in DCH1SSIZ, read yields undefined value
Note 1:  The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.
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TABLE 10-6: DMA CHANNEL 1 SFR SUMMARY (CONTINUED)

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_3180 DCH1DSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDSIZ<7:0>
BF88_3184 | DCH1DSIZCLR | 31:0 Write clears selected bits in DCH1DSIZ, read yields undefined value
BF88_3188 | DCH1DSIZSET | 31:0 Write sets selected bits in DCH1DSIZ, read yields undefined value
BF88_318C | DCH1DSIZINV | 31:0 Write inverts selected bits in DCH1DSIZ, read yields undefined value
BF88_3190 | DCH1SPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSPTR<7:0>
BF88_31A0 | DCHIDPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDPTR<7:0>
BF88_31B0 DCH1CSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCSIZ<7:0>
BF88_31B4 | DCHICSIZCLR | 31:0 Write clears selected bits in DCH1CSIZ, read yields undefined value
BF88_31B8 | DCH1CSIZSET | 31:0 Write sets selected bits in DCH1CSIZ, read yields undefined value
BF88_31BC | DCH1CSIZINV | 31:0 Write inverts selected bits in DCH1CSIZ, read yields undefined value
BF88_31C0| DCHICPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCPTR<7:0>
BF88_31D0 DCHI1DAT 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHPDAT<7:0>
BF88_31D4 | DCH1DATCLR | 31:0 Write clears selected bits in DCH1DAT, read yields undefined value
BF88_31D8 | DCH1DATSET | 31:0 Write sets selected bits in DCH1DAT, read yields undefined value
BF88_31DC| DCH1DATINV | 31:0 Write inverts selected bits in DCH1DAT, read yields undefined value

Note 1:  The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.

TABLE 10-7: DMA CHANNEL 1 INTERRUPT REGISTER SUMMARY()

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1070 IEC1 23:16 — — — — DMASIE DMA2IE DMALIE DMAOIE
BF88_1040 IFS1 23:16 — — — — DMASIF DMA2IF DMALIF DMAOIF
BF88_1120 IPC9 15:8 — — — DMA1IP<2:0> DMALIS<1:0>

Note 1:  This summary table contains partial register definitions that only pertain to the DMA peripheral. Refer to the “PIC32MX Family Reference
Manual” (DS61132) for a detailed description of these registers.
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TABLE 10-8: DMA CHANNEL 2 SFR SUMMARY
Virtual Bit Bit Bit Bit Bit Bit Bit Bit
Address® Name 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
BF88_31E0 DCH2CON 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — CHCHNS
7:0 CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0>
BF88_31E4 | DCH2CONCLR 31:.0 Write clears selected bits in DCH2CON, read yields undefined value
BF88_31E8 DCH2CONSET 31:.0 Write sets selected bits in DCH2CON, read yields undefined value
BF88_31EC DCH2CONINV 31:.0 Write inverts selected bits in DCH2CON, read yields undefined value
BF88 31F0 | DCH2ECON | 31:24 — I = 1T = 1T =T = 1T =T = 1=
23:16 CHAIRQ<7:0>
15:8 CHSIRQ<7:0>
70 | cForcE | cABORT | PAaTEN [ sRQEN | AarQen | — | — [ —
BF88_31F4 | DCH2ECONCLR | 31:0 Write clears selected bits in DCH2ECON, read yields undefined value
BF88_31F8 | DCH2ECONSET | 31:0 Write sets selected bits in DCH2ECON, read yields undefined value
BF88_31FC | DCH2ECONINV 31:.0 Write inverts selected bits in DCH2ECON, read yields undefined value
BF88_3200 DCH2INT 31:24 — — — — — — — —
23:16 CHSDIE CHSHIE CHDDIE CHDHIE CHBCIE CHCCIE CHTAIE CHERIE
15:8 — — — — — — — —
7:0 CHSDIF CHSHIF CHDDIF CHDHIF CHBCIF CHCCIF CHTAIF CHERIF
BF88_3204 DCH2INTCLR 31:0 Write clears selected bits in DCH2INT, read yields undefined value
BF88_3208 DCH2INTSET 31:0 Write sets selected bits in DCH2INT, read yields undefined value
BF88_320C DCH2INTINV 31:.0 Write inverts selected bits in DCH2INT, read yields undefined value
BF88_3210 DCH2SSA 31:24 CHSSA<31:24>
23:16 CHSSA<23:16>
15:8 CHSSA<15:8>
7:0 CHSSA<7:0>
BF88_3214 DCH2SSACLR 31:.0 Write clears selected bits in DCH2SSA, read yields undefined value
BF88_3218 DCH2SSASET 31:.0 Write sets selected bits in DCH2SSA, read yields undefined value
BF88_321C DCH2SSAINV 31:.0 Write inverts selected bits in DCH2SSA, read yields undefined value
BF88_3220 DCH2DSA 31:24 CHDSA<31:24>
23:16 CHDSA<23:16>
15:8 CHDSA<15:8>
7:0 CHDSA<7:0>
BF88_3224 DCH2DSACLR 31:0 Write clears selected bits in DCH2DSA, read yields undefined value
BF88_3228 DCH2DSASET 31:.0 Write sets selected bits in DCH2DSA, read yields undefined value
BF88_322C DCH2DSAINV 31:.0 Write inverts selected bits in DCH2DSA, read yields undefined value
BF88_3230 DCH2SSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSSIZ<7:0>
BF88_3234 DCH2SSIZCLR 31:0 Write clears selected bits in DCH2SSIZ, read yields undefined value
BF88_3238 DCH2SSIZSET 31:.0 Write sets selected bits in DCH2SSIZ, read yields undefined value
BF88_323C DCH2SSIZINV 31:.0 Write inverts selected bits in DCH2SSIZ, read yields undefined value
BF88_3240 DCH2DSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDSIZ<7:0>
BF88_3244 DCH2DSIZCLR 31:0 Write clears selected bits in DCH2DSIZ, read yields undefined value
BF88_3248 DCH2DSIZSET 31:.0 Write sets selected bits in DCH2DSIZ, read yields undefined value
BF88_324C DCH2DSIZINV 31:.0 Write inverts selected bits in DCH2DSIZ, read yields undefined value
Note 1: The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.
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TABLE 10-8: DMA CHANNEL 2 SFR SUMMARY (CONTINUED)

Virtual Bit Bit Bit Bit Bit Bit Bit Bit
Address® Name 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
BF88_3250 DCH2SPTR 31:24 — — — — — — — —

23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSPTR<7:0>
BF88_3260 DCH2DPTR 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDPTR<7:0>
BF88_3270 DCH2CSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCSIZ<7:0>
BF88_3274 DCH2CSIZCLR 31:.0 Write clears selected bits in DCH2CSIZ, read yields undefined value
BF88_3278 DCH2CSIZSET 31:.0 Write sets selected bits in DCH2CSIZ, read yields undefined value
BF88_327C DCH2CSIZINV 31:.0 Write inverts selected bits in DCH2CSIZ, read yields undefined value
BF88_3280 DCH2CPTR 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCPTR<7:0>
BF88_3290 DCH2DAT 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHPDAT<7:0>
BF88_3294 DCH2DATCLR 31:.0 Write clears selected bits in DCH2DAT, read yields undefined value
BF88_3298 DCH2DATSET 31:0 Write sets selected bits in DCH2DAT, read yields undefined value
BF88_329C DCH2DATINV 31:.0 Write inverts selected bits in DCH2DAT, read yields undefined value

Note 1: The starting address of the registers for DMA channel n is 0xbf883060 + 0xcO*n.

TABLE 10-9: DMA CHANNEL 2 INTERRUPT REGISTER SUMMARY()

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1070 IEC1 23:16 — — — — DMASIE DMA2IE DMALIE DMAOIE
BF88_1040 IFS1 23:16 — — — — DMASIF DMA2IF DMALIF DMAOIF
BF88_1120 IPC9 23:16 — — — DMA2IP<2:0> DMA21S<1:0>

Note 1:  This summary table contains partial register definitions that only pertain to the DMA peripheral. Refer to the PIC32MX Family Reference
Manual (DS61132) for a detailed description of these registers.
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TABLE 10-10: DMA CHANNEL 3 SFR SUMMARY

Virtual Bit Bit Bit Bit Bit Bit Bit Bit
Address® Name 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
BF88_32A0 DCH3CON 31:24 — — — — — — — —

23:16 — — — — — — — —
15:8 — — — — — — — CHCHNS
7:0 CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0>
BF88_32A4 | DCH3CONCLR | 31:0 Write clears selected bits in DCH3CON, read yields undefined value
BF88_32A8 | DCH3CONSET | 31:0 Write sets selected bits in DCH3CON, read yields undefined value
BF88_32AC | DCH3CONINV | 31:0 Write inverts selected bits in DCH3CON, read yields undefined value
BF88_32B0 | DCH3ECON | 31:24 = | = | = | = | = | = | = | =
23:16 CHAIRQ<7:0>
15:8 CHSIRQ<7:0>
7.0 | CFORCE | CABORT | PATEN | SIRQEN [ AIRQEN | — | — | —
BF88_32B4 |DCH3ECONCLR| 31:0 Write clears selected bits in DCH3ECON, read yields undefined value
BF88_32B8 |DCH3ECONSET| 31:0 Write sets selected bits in DCH3ECON, read yields undefined value
BF88_32BC | DCH3ECONINV | 31:0 Write inverts selected bits in DCH3ECON, read yields undefined value
BF88_32C0 DCH3INT 31:24 — — — — — — — —
23:16 | CHSDIE CHSHIE CHDDIE CHDHIE CHBCIE CHCCIE CHTAIE CHERIE
15:8 — — — — — — — —
7:0 CHSDIF CHSHIF CHDDIF CHDHIF CHBCIF CHCCIF CHTAIF CHERIF
BF88_32C4 | DCH3INTCLR | 31:0 Write clears selected bits in DCH3INT, read yields undefined value
BF88_32C8 | DCHSIINTSET | 31:0 Write sets selected bits in DCH3INT, read yields undefined value
BF88_32CC| DCHS3INTINV 31:.0 Write inverts selected bits in DCH3INT, read yields undefined value
BF88_32D0 DCH3SSA 31:24 CHSSA<31:24>
23:16 CHSSA<23:16>
15:8 CHSSA<15:8>
7:0 CHSSA<7:0>
BF88_32D4 | DCH3SSACLR | 31:0 Write clears selected bits in DCH3SSA, read yields undefined value
BF88_32D8 | DCH3SSASET | 31:0 Write sets selected bits in DCH3SSA, read yields undefined value
BF88_32DC| DCH3SSAINV | 31:0 Write inverts selected bits in DCH3SSA, read yields undefined value
BF88_32E0 DCH3DSA 31:24 CHDSA<31:24>
23:16 CHDSA<23:16>
15:8 CHDSA<15:8>
7:0 CHDSA<7:0>
BF88_32E4 | DCH3DSACLR | 31:0 Write clears selected bits in DCH3DSA, read yields undefined value
BF88_32E8 | DCH3DSASET | 31:0 Write sets selected bits in DCH3DSA, read yields undefined value
BF88_32EC | DCH3DSAINV | 31:0 Write inverts selected bits in DCH3DSA, read yields undefined value
BF88_32F0 DCH3SSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSSIZ<7:0>
BF88_32F4 | DCH3SSIZCLR | 31:0 Write clears selected bits in DCH3SSIZ, read yields undefined value
BF88_32F8 | DCH3SSIZSET | 31:0 Write sets selected bits in DCH3SSIZ, read yields undefined value
BF88_32FC | DCH3SSIZINV | 31:0 Write inverts selected bits in DCH3SSIZ, read yields undefined value
BF88_3300 DCH3DSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDSIZ<7:0>
BF88_3304 | DCH3DSIZCLR | 31:0 Write clears selected bits in DCH3DSIZ, read yields undefined value
BF88_3308 | DCH3DSIZSET | 31:0 Write sets selected bits in DCH3DSIZ, read yields undefined value
BF88_330C | DCH3DSIZINV | 31:0 Write inverts selected bits in DCH3DSIZ, read yields undefined value
BF88_3310 | DCH3SPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHSPTR<7:0>
Note 1:  The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.

© 2008 Microchip Technology Inc.

Preliminary DS61143D-page 205




PIC32MX3XX/4XX

TABLE 10-10: DMA CHANNEL 3 SFR SUMMARY (CONTINUED)

Virtual Bit Bit Bit Bit Bit Bit Bit Bit
Address® Name 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
BF88_3320 | DCH3DPTR | 31:24 — — — — — — — —

23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHDPTR<7:0>
BF88_3330 DCH3CSIZ 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCSIZ<7:0>
BF88_3334 | DCH3CSIZCLR | 31:0 Write clears selected bits in DCH3CSIZ, read yields undefined value
BF88_3338 | DCH3CSIZSET | 31:0 Write sets selected bits in DCH3CSIZ, read yields undefined value
BF88_333C | DCH3CSIZINV | 31:0 Write inverts selected bits in DCH3CSIZ, read yields undefined value
BF88_3340 | DCH3CPTR | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHCPTR<7:0>
BF88_3350 DCH3DAT 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 CHPDAT<7:0>
BF88_3354 | DCH3DATCLR | 31:0 Write clears selected bits in DCH3DAT, read yields undefined value
BF88_3358 | DCH3DATSET | 31:0 Write sets selected bits in DCH3DAT, read yields undefined value
BF88_335C | DCH3DATINV | 31:0 Write inverts selected bits in DCH3DAT, read yields undefined value

Note 1:  The starting address of the registers for DMA channel n is 0xbf883060 + 0xc0*n.

TABLE 10-11: DMA CHANNEL 3 INTERRUPT REGISTER SUMMARY

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1070 IEC1 23:16 — — — — DMASIE DMA2IE DMALIE DMAOIE
BF88_1040 IFS1 23:16 — — — — DMASIF DMA2IF DMALIF DMAOIF
BF88_1120 IPC9 31:24 — — — DMA3IP<2:0> DMAS3IS<1:0>

Note 1:  This summary table contains partial register definitions that only pertain to the DMA peripheral. Refer to the PIC32MX Family Reference
Manual (DS61132) for a detailed description of these registers.
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REGISTER 10-1:

DMACON: DMA CONTROLLER CONTROL REGISTER

r-x r-x r-X r-x r-x r-X r-x r-x
bit 31 - - - - - - - _bit 24
r-x r-x r-X r-x r-x r-x r-x r-x
bit 23 — — - — — - — _bit 16
R/W-0 R/W-0 R/W-0 R/W-0 r-x r-x r-x r-x
ON FRZ SIDL SUSPEND — — — —
bit 15 bit 8
r-x r-x r-x r-x r-x r-x r-x r-x
bit 7 - - - - - - - - bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit P = Programmable bit r = Reserved bit

-n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-16
bit 15

bit 14

bit 13

bit 12

bit 11-0

Reserved: Write ‘0’; ignore read
ON: DMA On bit

1 = DMA module is enabled
0 = DMA module is disabled

FRZ: DMA Freeze it

1 = DMA is frozen during Debug mode
0 = DMA continues to run during Debug mode

Note: FRZ is writable in Debug Exception mode only, it is forced to ‘0’ in Normal mode.

SIDL: Stop in Idle Mode bit

1 = DMA transfers are frozen during Sleep
0 = DMA transfers continue during Sleep

SUSPEND: DMA Suspend bit

1 = DMA transfers are suspended to allow CPU uninterrupted access to data bus
0 = DMA operates normally

Reserved: Write ‘0’; ignore read

© 2008 Microchip Technology Inc.

Preliminary DS61143D-page 207



PIC32MX3XX/4XX

REGISTER 10-2: DMASTAT: DMA STATUS REGISTER®

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
bit 15 bit 8
r-x r-x r-x r-x R-0 r-x R-0 R-0
— — — — RDWR — DMACH<1:0>
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-4 Reserved: Write ‘0’; ignore read

bit 3 RDWR: Read/Write Status bit

1 = Last DMA bus access was a read
0 = Last DMA bus access was a write

bit 2 Reserved: Write ‘0’; ignore read
bit 1-0 DMACH<1:0>: DMA Channel bits
Note 1. This register contains the value of the most recent active DMA channel.
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REGISTER 10-3: DMAADDR: DMA ADDRESS REGISTER™®

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DMAADDR<31:24>
bit 31 bit 24
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DMAADDR<23:16>
bit 23 bit 16
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DMAADDR<15:8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DMAADDR<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 DMAADDR<31:0>: DMA Module Address bits

Note 1: This register contains the address of the most recent DMA access.

© 2008 Microchip Technology Inc. Preliminary DS61143D-page 209



PIC32MX3XX/4XX

REGISTER 10-4:

DCRCCON: DMA CRC CONTROL REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x R/W-0 R/W-0 R/W-0 R/W-0
— — — — PLEN<3:0>
bit 15 bit 8
R/W-0 R/W-0 r-x r-x r-x r-x R/W-0 R/W-0
CRCEN CRCAPP — — — — CRCCH«<1:0>
bit 7 bit 0
Legend:

R = Readable bit
U = Unimplemented bit

W = Writable bit

P = Programmable bit

r = Reserved bit

bit 31-12
bit 11-8

bit 7

bit 6

bit 5-2
bit 1-0

Reserved: Write ‘0’; ignore read

PLEN<3:0>: Polynomial Length bits

Denotes the length of the polynomial —1.
CRCEN: CRC Enabile bit

1 = CRC module is enabled and channel transfers are routed through the CRC module
0 = CRC module is disabled and channel transfers proceed normally

CRCAPP: CRC Append Mode bit

1 = Data read will be passed to the CRC, to be included in the CRC calculation, but is not written to
the destination register. When a block transfer completes, the calculated CRC will be written to
the location given by DCHXDSA

0 = Channel behaves normally, with the CRC being calculated as data is transferred from the source
to the destination

Reserved: Write ‘0’; ignore read
CRCCH<1:0>: CRC Channel Select bits

11 = CRC is assigned to Channel 3
10 = CRC is assigned to Channel 2
01 = CRC is assigned to Channel 1
00 = CRC is assigned to Channel 0

DS61143D-page 210

Preliminary

© 2008 Microchip Technology Inc.



PIC32MX3XX/4XX

REGISTER 10-5: DCRCDATA: DMA CRC DATA REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DCRCDATA<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DCRCDATA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-16 Reserved: Write ‘0’; ignore read
bit 15-0 DCRCDATA<15:0>: CRC Data Register bits

Writing to this register will seed the CRC generator. Reading from this register will return the current
value of the CRC. Bits > PLEN will return ‘0’ on any read.
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REGISTER 10-6:

DCRCXOR: DMA CRC XOR ENABLE REGISTER®

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DCRCXOR<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DCRCXOR<7:0>
bit 7 bit 0
Legend:

R = Readable bit

U = Unimplemented bit

W = Writable bit

P = Programmable bit

r = Reserved bit

bit 31-16 Reserved: Write ‘0’; ignore read

bit 15-0 DCRCXOR<15:0>: CRC XOR Register hits

1 = Enable the XOR input to the Shift register
0 = Disable the XOR input to the Shift register; data is shifted directly in from the previous stage in

the register

Note 1. The LSb of the DCRCXOR register will be always set.
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REGISTER 10-7: DCHXCON: DMA CHANNEL X CONTROL REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x
bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x R/W-0
— — — — — — — CHCHNS
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 r-x R-0 R/W-0 R/W-0
CHEN CHAED CHCHN CHAEN — CHEDET CHPRI<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-9 Reserved: Write ‘0’; ignore read
bit 8 CHCHNS: Chain Channel Selection bit
1 = Chain to channel lower in natural priority (CH1 will be enabled by CH2 transfer complete)
0 = Chain to channel higher in natural priority (CH1 will be enabled by CHO transfer complete)
Note: The chain selection bit takes effect when chaining is enabled, i.e., CHCHN = 1.
bit 7 CHEN: Channel Enable bit
1 = Channel is enabled
0 = Channel is disabled
bit 6 CHAED: Channel Allow Events If Disabled bit
1 = Channel start/abort events will be registered, even if the channel is disabled
0 = Channel start/abort events will be ignored if the channel is disabled
bit 5 CHCHN: Channel Chain Enable bit
1 = Allow channel to be chained to channel higher in natural priority
0 = Do not chain to channel higher in natural priority
bit 4 CHAEN: Channel Automatic Enable bit
1 = Channel is continuously enabled, and not automatically disabled after a block transfer is complete
0 = Channel is disabled on block transfer complete
bit 3 Reserved: Write ‘0’; ignore read
bit 2 CHEDET: Channel Event Detected bit
1 = An event has been detected
0 = No events have been detected
bit 1-0 CHPRI<1:0>: Channel Priority bits

11 = Channel has priority 3 (highest)
10 = Channel has priority 2
01 = Channel has priority 1
00 = Channel has priority 0
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REGISTER 10-8: DCHXECON: DMA CHANNEL X EVENT CONTROL REGISTER

r-X r-X r-x r-X r-X r-x r-X r-x
bit 31 bit 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
CHAIRQ<7:0>
bit 23 bit 16
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CHSIRQ<7:0>
bit 15 bit 8
S-0 S-0 R/W-0 R/W-0 R/W-0 r-x r-x r-x
CFORCE CABORT PATEN | SIRQEN [ AIRQEN | — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-24 Reserved: Write ‘0’; ignore read
bit 23-16 CHAIRQ<7:0>: IRQ that will abort Channel Transfer bits

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

bit 15-8 CHSIRQ<7:0>: IRQ that will Start Channel Transfer 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

bit 7 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’
bit 6 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’
bit 5 PATEN: Channel Pattern Match Abort Enable bit
1 = Abort transfer and clear CHEN on pattern match
0 = Pattern match is disabled
bit 4 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
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REGISTER 10-8: DCHXECON: DMA CHANNEL X EVENT CONTROL REGISTER (CONTINUED)
bit 3 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
bit 2-0 Reserved: Write ‘0’; ignore read
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REGISTER 10-9: DCHXINT. DMA CHANNEL X INTERRUPT CONTROL REGISTER

r-X r-X r-x r-X r-x r-x r-x r-x
bit 31 bit 24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CHSDIE CHSHIE CHDDIE CHDHIE CHBCIE CHCCIE CHTAIE CHERIE
bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CHSDIF CHSHIF CHDDIF CHDHIF CHBCIF CHCCIF CHTAIF CHERIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-24 Reserved: Write ‘0’; ignore read
bit 23 CHSDIE: Channel Source Done Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 22 CHSHIE: Channel Source Half Empty Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 21 CHDDIE: Channel Destination Done Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 20 CHDHIE: Channel Destination Half Full Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 19 CHBCIE: Channel Block Transfer Complete Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled

bit 18 CHCCIE: Channel Cell Transfer Complete Interrupt Enable bit
1 = Interrupt is enabled
0 = Interrupt is disabled

bit 17 CHTAIE: Channel Transfer Abort Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 16 CHERIE: Channel Address Error Interrupt Enable bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 15-8 Reserved: Write ‘0’; ignore read
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REGISTER 10-9: DCHXINT. DMA CHANNEL X INTERRUPT CONTROL REGISTER (CONTINUED)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

CHSDIF: Channel Source Done Interrupt Flag bit

1 = Channel Source Pointer has reached end of source (CHSPTR == CHSSIZ)

0 = No interrupt is pending

CHSHIF: Channel Source Half Empty Interrupt Flag bit

1 = Channel Source Pointer has reached midpoint of source (CHSPTR == CHSSIZ/2)

0 = No interrupt is pending

CHDDIF: Channel Destination Done Interrupt Flag bit

1 = Channel Destination Pointer has reached end of destination (CHDPTR == CHDSIZ)

0 = No interrupt is pending

CHDHIF: Channel Destination Half Full Interrupt Flag bit

1 = Channel Destination Pointer has reached midpoint of destination (CHDPTR == CHDSIZ/2)

0 = No interrupt is pending

CHBCIF: Channel Block Transfer Complete Interrupt Flag bit

1 = A block transfer has been completed (the larger of CHSSIZ/CHDSIZ bytes has been transferred)
or a pattern match event occurs

0 = No interrupt is pending

CHCCIF: Channel Cell Transfer Complete Interrupt Flag bit

1 = A cell transfer has been completed (CHCSIZ bytes have been transferred)

0 = No interrupt is pending

CHTAIF: Channel Transfer Abort Interrupt Flag bit

1 = An interrupt matching CHAIRQ has been detected and the DMA transfer has been aborted

0 = No interrupt is pending

CHERIF: Channel Address Error Interrupt Flag bit

1 = A channel address error has been detected
Either the source or the destination address is invalid.
0 = No interrupt is pending
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REGISTER 10-10: DCHXSSA: DMA CHANNEL X SOURCE START ADDRESS REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHSSA<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHSSA<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHSSA<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHSSA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)
bit 31-0 CHSSA<31:0> Channel Source Start Address bits

Channel source start address.
Note: This must be the physical address of the source.
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REGISTER 10-11: DCHXDSA: DMA CHANNEL X DESTINATION START ADDRESS REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHDSA<31:24>
bit 31 bit 24
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHDSA<23:16>
bit 23 bit 16
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHDSA<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHDSA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-0

CHDSA<31:0>: Channel Destination Start Address bits

Channel destination start address.
Note: This must be the physical address of the destination.
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REGISTER 10-12: DCHXSSIZ: DMA CHANNEL X SOURCE SIZE REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x

bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHSSIZ<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-8
bit 7-0

Reserved: Write ‘0’; ignore read
CHSSIZ<7:0>: Channel Source Size bits
255 = 255-byte source size

2 = 2-byte source size
1 = 1-byte source size
0 = 256-byte source size
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REGISTER 10-13: DCHXDSIZ: DMA CHANNEL X DESTINATION SIZE REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x

bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHDSIZ<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-8 Reserved: Write ‘0’; ignore read

bit 7-0 CHDSIZ<7:0>: Channel Destination Size bits

255 = 255-byte destination size

2 = 2-byte destination size
1 = 1-byte destination size
0 = 256-byte destination size
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REGISTER 10-14: DCHXSPTR: DMA CHANNEL X SOURCE POINTER REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x

bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

CHSPTR<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-8 Reserved: Write ‘0’; ignore read

bit 7-0 CHSPTR<7:0>: Channel Source Pointer bits

255 = Points to 255th byte of the source

1 = Points to 1st byte of the source
0 = Points to 0th byte of the source
Note: This is reset on pattern detect, when in Pattern Detect mode.
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REGISTER 10-15: DCHXDPTR: CHANNEL X DESTINATION POINTER REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x

bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

CHDPTR<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-8 Reserved: Write ‘0’; ignore read

bit 7-0 CHDPTR<7:0>: Channel Destination Pointer bits

255 = Points to 255th byte of the destination

1 = Points to 1st byte of the destination
0 = Points to 0th byte of the destination
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REGISTER 10-16: DCHXCSIZ: DMA CHANNEL X CELL-SIZE REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x

bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHCSIZ<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-8 Reserved: Write ‘0’; ignore read
bit 7-0 CHCSIZ<7:0>: Channel Cell Size bits
255 = 255 hytes transferred on an event

2 = 2 bytes transferred on an event
1 =1 byte transferred on an event

0 = 256 bytes transferred on an event
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REGISTER 10-17: DCHXCPTR: DMA CHANNEL X CELL POINTER REGISTER

r-X r-X r-x r-X r-x r-x r-x r-x

bit 31 bit 24
r-X r-X r-x r-X r-x r-x r-X r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

CHCPTR<7:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit -n = Bit Value at POR: (‘'0’, ‘1’, x = Unknown)

bit 31-8 Reserved: Write ‘0’; ignore read

bit 7-0 CHCPTR<7:0>: Channel Cell Progress Pointer bits

255 = 255 Bytes have been transferred since the last event

1 = 1 Bytes have been transferred since the last event
0 = 0 Bytes have been transferred since the last event
Note: This is reset on pattern detect, when in Pattern Detect mode.
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REGISTER 10-18: DCHXDAT. DMA CHANNEL X PATTERN DATA REGISTER

r-x r-x r-X r-x r-x r-X r-x r-x

bit 31 - - - - - - - _bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 — — - — — - — _bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 - - - - - - - - bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CHPDAT<7:0>
bit 7 bit 0
Legend:

R = Readable bit

U = Unimplemented bit

W = Writable bit

P = Programmable bit

r = Reserved bit

bit 31-8 Reserved: Write ‘0’; ignore read
bit 7-0 CHPDAT<7:0>: Channel Data Register bits
Pattern Terminate mode:

Data to be matched must be stored in this register to allow terminate on match.

All other modes:

Unused.
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10.2 DMA Controller Operation

A DMA channel will transfer data from a source to a
destination without CPU intervention.

DMA controller configuration resources:

* The DMA Controller and the corresponding DMA
channel have to be enabled using the ON
(DMACON<15>) and the CHEN (DCHXCON<7>)
bits.

» The source and destination of the transfer are
programmable using the DCHxSSA and
DCHxXDSA registers respectively.

» The source and destination are further indepen-
dently configurable using the DCHxSSIZ and
DCHxDSIZ registers.

* A DMA transfer can be initiated in one of two
ways:

- Software can initiate a transfer by setting the
channel CFORCE (DCHXECON<7>) bit.

- An interrupt event occurs that matches the
CHSIRQ (DCHXECON<15:8>) interrupt and
SIRQEN =1 (DCHXECON<4>). The user can
select any interrupt on the device to start a
DMA transfer.

The Source and Destination Pointers are reset:
- On any device Reset.

- When the DMA is turned off (ON bit
(DMACON<155) is ‘0").

Note:  Always wait for the channels to complete
the current transactions (or abort first and
make sure the transfers were successfully
aborted) before switching the DMA
controller OFF,

- A block transfer completes (regardless of the
state of CHAEN (DCHXxCON<4>)).

- A pattern match terminates a transfer
(regardless of the state of auto-enable
CHAEN (DCHxCON<4>)).

- CABORT (DCHXECON<6>) flag is written.

Note: If the DMA channel is suspended in the mid-
dle of a transfer (If CHEN (DCHxXCON)<7>
=0) or if the DMA controller is suspended in
the middle of a transfer (If SUSPEND
(DMACON)<12> = 1) and a CABORT is
issued, the Source, Destination and Cell
pointers are not Reset.

Note: BMX arbitration mode 2 (rotating priority) is
recommended when a system may

experience heavy bus load.

» At each event requiring a DMA transfer, a num-
ber of bytes specified by the cell size (DCHxCSIZ)
will be transferred (one or more transactions will
occur).

» The channel keeps track of the number of bytes
transferred from the source to destination, using
Source and Destination Pointers (DCHxSPTR
and DCHxDPTR).

» The Source and Destination Pointers are read-
only and are updated after every transaction.

 Interrupts are generated when the Source or
Destination pointer is half of the source or desti-
nation size (DCHxSSIZ/2 or DCHxDSIZ/2), or
when the source or destination counter equals the
size of the source or destination. These interrupts
are CHSHIF, CHDHIF and CHSDIF, CHDDIF,
respectively.

- If the channel source address (DCHxSSA) is
updated, the Source Pointer (DCHXSPTR)
will be reset.

- Similarly, updates to the Destination Address
(DCHxDSA) will cause the Destination
Pointer (DCHxDPTR) to be reset.

Normally, the DMA channel remains enabled until
the DMA channel has completed a block transfer
unless the auto-enable feature is turned on
(i.e., CHAEN = 1).

When the channel is disabled, further transfers
will be prohibited until the channel is re-enabled

(CHEN is setto ‘1).

A DMA transfer request will be stopped/aborted
by:

- Writing the CABORT bit (DCHXECON<6>).

- Pattern match occurs if pattern match is

enabled PATEN = 1 (DCHXECON<5>), pro-
vided that channel CHAEN is not set.

- Interrupt event occurs on the device that
matches the CHAIRQ (DCHXECON<23:16>)
interrupt if enabled by AIRQEN
(DCHXECON<3>).

- An address error is detected.

- A block transfer completes provided that
Channel Auto-Enable mode (CHAEN) is not
set.

When a channel abort interrupt occurs, the
Channel Abort Interrupt Flag, CHTAIF,
(DCHXxINT<1>) is set. This allows the user to
detect and recover from an aborted DMA transfer.
When a transfer is aborted, any transaction
currently underway will be completed.

© 2008 Microchip Technology Inc.
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10.2.1 DMA CONTROLLER TERMINOLOGY

Event: Any system event that can initiate or abort a
DMA transfer.

Transaction: A single-word transfer (up to 4 bytes),
comprised of read and write operations.

Cell Transfer: The number of bytes transferred when
a DMA channel has a transfer initiated before waiting
for another event (given by the DCHCSIZ register). A
cell transfer comprises one or more transactions.

Block Transfer: Defined as the number of bytes trans-
ferred when a channel is enabled. The number of bytes
is the larger of either DCHxSSIZ or DCHXDSIZ. A block
transfer comprises one or more cell transfers.

10.3 Basic Transfer Mode

Basic Transfer mode transfer features:

* The transfer size is limited to a maximum of 256
bytes transferred per channel.

» The Source and Destination Pointers wrap around
based on the selected source and destination
size.

» A block transfer is complete when the block size
bytes have been transferred. The block size is the
larger of source and destination sizes:

- blockSize = max (DCHxSSIZ, DCHxDSIZ).

« A DMA event will transfer cell size (DCHxCSIZ)
bytes from source to destination. However, if
DCHXxCSIZ is greater than the block size, then
just block size bytes will be transferred.

10.3.1 BASIC TRANSFER MODE
CONFIGURATION

Microchip recommends taking the following steps to
configure a DMA transfer:

 Disable the DMA channel interrupts in the INT
controller.

» Clear any existing channel interrupt flags in the
INT controller.

« Enable the DMA controller (if not already
enabled) in DMACON register.

» Set Channel Control register: Priority,
Auto-Enable mode, etc., in DCHXCON. (Don't
enable the channel yet!)

» Set the channel event control: clear/set the events
starting and aborting the transfer. If needed, also
set the pattern match enable in DCHXECON.

« If using a pattern match, set the pattern in the
DCHXxDAT register.

 Set the transfer source and destination physical
addresses (DCHxSSA and DCHxDSA registers).

» Set the source and destination sizes (DCHxSSIZ,
DCHXxDSIZ registers).

» Set the cell transfer size (DCHxCSIZ).

» Clear any existing event flag in the DCHXINT
register.

* If using interrupts:

- Set the conditions that will generate an inter-
rupt in the DCHXINT register (at least error
interrupt enable and abort interrupt enable,
usually block complete interrupt).

- Set the DMA channel interrupt priority and
subpriority in the INT controller.

- Enable the DMA channel interrupt in the INT
controller.

» Enable the selected DMA channel with CHEN
(DCHXCON<T7>).

« If not using system events to start the DMA
transfer use CFORCE (DCHXECON<7>) to start
transfer.

 Until the DMA transfer is complete you can do
some other processing.

« If transfer complete interrupts (cell complete,
block complete, etc.) are enabled, a notification
will be presented in the ISR that the DMA transfer
completed.

» Otherwise, the DMA channel can be polled to see
if the transfer is completed using, for example,
CHBCIF (DCHXINT<3>).

Refer to Example 10-1.
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EXAMPLE 10-1:

CONFIGURING THE DMA FOR BASIC TRANSFER MODE OPERATION

/*

The followi ng code exanple illustrates the DMA channel O configuration for a basic transfer.
*
/

| ECICLR=0x00010000; /1 disable DVA channel O interrupts

| FS1CLR=0x00010000; /1 clear existing DVA channel O interrupt flag

Il
11

DMACONSET=0x00008000;
DCHOCON=0x3;

CHOECON=0; 11
11
Il
11
11

11
11

DCHOSSA=0x1d010000;
DCHODSA=0x1d020000;
DCHOSSI Z=0;
DCHODSI Z=0;
DCHOCSI Z=0;

DCHOI NTCLR=0x00f f 00f f ;
DCHOCONSET=0x80;

Il
11

11

DCHOECONSET=0x00000080; 11

/1 do sonething el se

/1 poll to see that the transfer
whi | e( TRUE)
{
register int pollCnt; //
/1
/1
i nt dmaFl ags=DCHOI NT;
i f( (dnmaFl ags&0xb)
{ /1
/1
br eak; /1
}
pol | Cnt =100; 11
while(pollCnt--); 11
}

/1 check the transfer conpletion

enabl e the DMA controller
channel off, pri 3, no chaining
no start or stop irq's, no pattern natch
programthe transfer

transfer source physical address
transfer destination physical address
source size 256 bytes

destination size 256 bytes

256 bytes transferred per event

cl ear existing events, disable al
turn channel on

interrupts

initiate a transfer
set CFORCE to 1

was done

use a poll counter.
pol ling continuously the DVA controller in a tight
| oop woul d affect the performance of the DVA transfer

one of CHERIF (DCHxI NT<0>), CHTAIF (DCHx| NT<1>)
or CHBCIF (DCHxI NT<3>) flags set
transfer conpleted

use an adjusted val ue here
wait before readi ng again the DVA controller

resul t
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10.4 Pattern Match Termination

The Pattern Match mode is enabled by setting the
PATEN bit (DCHXECON<5>).

This feature is useful in applications where a variable
data size is required and eases the setup of the DMA
channel. A good usage is for transferring ASCII com-
mand strings from an UART, <CR> ended. This is also
useful for implementing string copy routines with DMA
support.

Pattern Match mode features:

« Allows the user to end a transfer if a byte of data
written during a transaction matches a specific
pattern.

* A pattern match is treated the same way as a
block transfer complete, where the CHBCIF
(DCHXINT<3>) bit is set and the CHEN
(DCHxCON<7>) hit is cleared provided
auto-enable CHAEN = 0 (DCHxCON<4>).

» The pattern is stored in the DCHXDAT register.

« If any byte in the source matches DCHxDAT, a
pattern match is detected.

10.4.1 PATTERN MATCH MODE
CONFIGURATION

The Pattern Match mode is an option for use when
performing DMA transfers in basic DMA configuration.
Therefore, the steps needed in Pattern Match mode
are identical to those used in basic DMA configuration.
An extra step is needed to store the desired pattern in
DCHXDAT register.

The following steps are recommended to be taken to
configure a DMA transfer in Pattern Match mode:

 Disable the DMA channel interrupts in the INT
controller.

» Clear any existing channel interrupt flags in the
INT controller.

« Enable the DMA controller (if not already
enabled) in DMACON register.

» Set Channel Control register: Priority,
Auto-Enable mode, etc., in DCHXCON. Don't
enable the channel yet.

» Set the channel event control: clear/set the events
starting and aborting the transfer. Set the pattern
match enable PATEN in DCHXECON.

 Set the pattern in the DCHXDAT register.

 Set the transfer source and destination physical
addresses (DCHxSSA and DCHxDSA registers).

» Set the source and destination sizes (DCHxSSIZ,
DCHxDSIZ registers).

 Set the cell transfer size (DCHXCSIZ).
» Clear any existing event flag in DCHXINT register.

If using interrupts:

- Set the conditions that will generate an inter-
rupt in the DCHXINT register (at least error
interrupt enable and abort interrupt enable,
usually block complete interrupt).

- Set the DMA channel interrupt priority and
subpriority in the INT controller.

- Enable the DMA channel interrupt in the INT
controller.

Enable the selected DMA channel with CHEN

(DCHXCON<7>).

If not using system events to start the DMA

transfer use CFORCE (DCHXECON<7>) to start

transfer.

Until the DMA transfer is complete, you can do

some other processing.

If you enabled transfer complete interrupts (cell

complete, block complete, etc) you'll be notified in

the ISR that the DMA transfer completed.

Otherwise, you can poll the DMA channel to see if

the transfer is completed using, for example,

CHBCIF (DCHXINT<3>).

Refer to Example 10-2.
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EXAMPLE 10-2:

CONFIGURING THE DMA FOR PATTERN MATCH OPERATION

/*

The follow ng code exanple illustrates the DVA channel

pattern match enabl ed. Transfer fromthe UART1 a <CR> ended string,

*/

0 configuration for data transfer with
at nost 256 characters |ong

O interrupts
O interrupt flag

no chai ni ng

irgis UART1 RX, pattern natch enabl ed

| ECLCLR=0x00010000; /1 di sabl e DVA channel

| FS1CLR=0x00010000; /'l clear any existing DVA channel
DMACONSET=0x00008000; /1 enable the DVA controller
DCHOCON=0x03; /1 channel off, priority 3,
DCHOECON=( 27 <<8)| 0x30; Il start

DCHODAT="\r"; /] pattern val ue,

carriage return

/1 programthe transfer

DCHOSSA=Vi r t ToPhys( &ULRXREG) ; //

transfer source physical

addr ess

DCHODSA=0x1d020000; /1 transfer destination physical address

DCHOSSI Z=1; Il source size is 1 byte

DCHODSI Z=0; /] dst size at npbst 256 bytes

DCHOCSI Z=1; /1 one byte per UART transfer request

DCHOI NTCLR=0x00f f 00f f ; /] clear existing events, disable all interrupts
DCHOI NTSET=0x00090000; /1 enable Block Conplete and error interrupts

| PCOCLR=0x0000001f ; /1 clear the DVA channel O priority and subpriority
| PCOSET=0x00000016; // set IPL 5, subpriority 2

| ECLSET=0x00010000; /'l enable DVA channel O interrupt

DCHOCONSET=0x80; /1 turn channel on

/1 wait for an UART RX interrupt to initiate a transfer

/1 do sonething el se

/1 will get an interrupt when the transfer
/1 or when an address error occurred

is done
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10.5 Channel Chaining Mode

The Chaining mode is enabled by setting the Chaining
Enable it CHCEN bit (DCHXCON<5>) and Chaining
Direction bit CHCHNS (DCHxCON<8>).

Channel chaining is an enhancement to the DMA
channel operation.

A good usage is for transferring data packets from one
peripheral to memory and then from memory to
another peripheral. This module is also useful for
implementing data acquisition in multiple buffers.

Chaining mode features:

» A channel (slave channel) can be chained to an
adjacent channel (master channel). When the
master channel completes a block transfer the
slave channel will be enabled.

At this point, any event on the slave channel will
initiate a cell transfer. If the channel has an event
pending, a cell transfer will begin immediately.

» Channels are chained in natural priority order
where channel 0 has the highest priority and
channel 3 the lowest. A specific channel can be
enabled by an adjacent channel, either higher, or
lower, in natural order, by configuring the
CHCHNS (DCHxCON<8>) bit. Chaining must be
enabled, CHCHN (DCHxCON<5>) = 1.

* An important feature of the DMA controller is the
ability to allow events while the channel is dis-
abled using the CHAED (DCHxCON<6>) bit. This
bit is particularly useful in Chained mode where
the slave channel needs to be ready to start a
transfer as soon as the channel is enabled by the
master channel.

10.5.1 CHAINING MODE CONFIGURATION

The Chaining mode is an option for use when perform-
ing DMA transfers. Therefore, the steps needed in
Chaining mode are identical to those used in basic
DMA configuration, with the following differences
(refer to Section 10.3.1 “Basic Transfer Mode Con-
figuration”):

» Two different channels have to be configured and
the slave channel has to have chaining enable
(CHCHN) and chaining direction (CHCHNS) set.

Refer to Example 10-3.

10.6 Channel Auto-Enable Mode

The Auto-Enable mode is enabled by setting the
CHAEN bit (DCHXCON<4>).

Channel auto-enable function is an enhancement to
the DMA channel operation.

The channel auto-enable can be used to keep a chan-
nel active, even if a block transfer completes or a pat-
tern match occurs. This prevents the user from having
to re-enable the channel each time a block transfer
completes. This mode is useful for applications that do
repeated pattern matching.

10.6.1 AUTO-ENABLE MODE
CONFIGURATION

The Auto-Enable mode is an extra option for use when
performing DMA transfers. Therefore, the steps
needed in Auto-Enable mode are identical to those
used in basic DMA configuration, with the following dif-
ferences (refer to Section 10.3.1 “Basic Transfer
Mode Configuration”):

* The CHAEN bit has to be set before enabling the
channel (setting the CHEN bit (DCHxCON<7>)).

» The channel will behave as normal except that
normal termination of a transfer will not result in
the channel being disabled.

» Normal block transfer completion is defined as:
- block transfer complete
- pattern match detect

* As before, the Channel Pointers will be reset.
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EXAMPLE 10-3:

CONFIGURING THE DMA FOR CHAINING MODE OPERATION

/*

The follow ng code exanple illustrates the DVA channe
with pattern nmatch enabl ed. DVA channel
1 transfers data fromthe RAM buffer to UART2. Transferred strings are at nost 256
characters long. Transfer on UART2 will

channe
*/
unsi gned char nyBuff<256>;

| ECICLR=0x00010000;
| FS1CLR=0x00010000;

DMACONSET=0x00008000;

DCHOCON=0x 3;
DCH1CON=0x62;

DCHOECON=( 27 <<8) |
DCHLECON=( 42 <<8) |

0x30;
0x30;

DCHODAT=DCHLDAT="\r" ;

DCHOSSA=Vi r t ToPhys ( &ULRXREQ) ;

DCHODSA=Vi rt ToPhys( nyBuff);
DCHOSSI Z=1;
DCHODSI Z=0;
DCHOCSI Z=1;

DCH1SSA=Vi rt ToPhys(nyBuff);

DCHLDSA=Vi r t ToPhys( &U2TXREG) ;

DCH1SSI Z=0;

DCHL1DSI Z=1,

DCH1CSI Z=1;

DCHOI NTCLR=0x00f f 00f f ;
DCH11 NTCLR=0x00f f 00f f ;
DCH1I NTSET=0x00090000;
| PCOCLR=0x00001f 1f ;

| PCOSET=0x00000b16;

| ECLSET=0x00020000;

DCHOCONSET=0x80;

/1 do sonething else

/1 the UART1 RX interrupts wll
is conplete,
1 transfer conpletion wll

/'l once this transfer
/1 upon DWVA channel

whi | e(!intChloccurred);

Il

11
Il

11

11
11
11
11

11
11

11

11
11
Il
11
11
11

11
Il
11
/1
11
/1

Il
11
11

/1
11
11
11
Il

11

initiate the DMA channe

11

0 configuration for data transfer
0 transfer fromthe UART1 to a RAM buffer while DVA
as soon as the UART1 transfer

start i s conpleted.

transfer buffer
di sabl e DVA channel 0 interrupts
clear any existing DVA channel O interrupt flag

enabl e the DVA controller

channel 0 off,
channel 1 off,
chain to higher
(ch 0),

priority 3,
priority 2
priority
enabl e events detection while disabled

no chai ni ng

start
start

irg is UART1 RX, pattern enabl ed
irqg is UART1 TX, pattern enabled
pattern val ue, carriage return
program channel 0 transfer

transfer source physical address
transfer destination physical address
source size is 1 byte

dst size at nost 256 bytes
one byte per UART transfer request
program channel 1 transfer

transfer source physical address
transfer destination physical address
source size at nost 256 bytes

dst size is 1 byte

one byte per UART transfer request

DMAO: cl ear events, disable interrupts
DMALl: clear events, disable interrupts
DMALl: enabl e Bl ock Conplete and error interrupts

clear the DMA channels 0 and 1 priority and
subpriority

set IPL 5, subpriority 2 for DVA channel 0
set I PL 2, subpriority 3 for DVA channel 1
enabl e DMA channel 1 interrupt

turn channel on

0 transfer
the DVA channel 1 will start
get an interrupt
DVA channel

pol | 1 interrupt
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10.7 CRC Module Operation

The DMA module has one integrated CRC generation
module shared by all channels. The CRC module is a
highly configurable, 16-bit CRC generator. The CRC
module can be assigned to any available DMA chan-
nel by setting the CRCCH bits (DCRCCON<1:0>)
appropriately. The CRC is enabled by setting the
CRCEN bit (DCRCCON<7>).

The CRC generator will take 1 system clock to process
each byte of data read from the source. This implies
that if 32 bits of data are read from the source, the
CRC generation will take 4 system clocks to process
the data.

The CRC module modifies the behavior of the DMA
channel associated with the CRC module. The two
operating modes for a DMA channel associated with
the CRC module are:

» Background Mode: CRC is calculated in the
background, with normal DMA behavior
maintained.

» Append Mode: Data read from the source is not
written to the destination, but the CRC data is
accumulated in the CRC data register. The accu-
mulated CRC is written to the destination address
when a block transfer completes.

CRC Configurable resources:

» The terms of the polynomial can be programmed
using the DCRCXOR<15:0> bits. Considering the
CRC polynomial: x'6 + x12 + x° + 1, 17 bits are
needed to define this polynomial. However, the
value to be written to the DCRCXOR register will
be 0Ob0001 0000 0010 0000, i.e., 0x1020.

Note: The LSb and MSb do not have to be
specified, they are always set. The actual
value used for the polynomial generator
will be 0x11021.

* The length of the polynomial generator can be
programmed using the PLEN (DCRCCON<11:8>)
bits. For the above polynomial, the size will be 16.
The PLEN will be programmed with length -1, i.e.,
OxOF.

* The CRC module can be assigned to any avail-
able DMA channel by setting the CRCCH bits
(DCRCCON<2:0>) appropriately.

* The CRC is enabled by setting the CRCEN bit
(DCRCCON<7>).

* The CRC generator can be seeded by writing to
the DCRCDATA register before enabling the
channel that will use the CRC module.

* The CRC can be read as it progresses by reading
the DCRCDATA register at any time during the
CRC generation.

« Data Order: As data is read from the source regis-
ter, the data is fed into the CRC generator MSB
first.

10.8 CRC Background Mode

The CRC Background mode is enabled by clearing
CRCAPP (DCRCCON<6>).

In this mode, the behavior of the DMA channel is
maintained with data read from the channel source
being passed to the CRC module and then written
back to the destination.

In the Background mode, the calculated CRC is left in
the DCRCDATA register at the end of the block
transfer.

This mode can be used to calculate a CRC as data is
moved from source to destination. A good example of
where this can be used is to calculate a CRC as data
is transmitted to or received from the UART module.
When the data transfer is complete the user can read
the calculated CRC and either append it to the
transmitted data or verify the received CRC data.

10.8.1 CRC BACKGROUND MODE
CONFIGURATION

Microchip recommends taking the following steps to

configure a CRC calculation in Background mode:

» Seed the CRC generator by writing the initial seed
to the DCRCDATA register.

» Set the polynomial generator by writing to the
DCRCXOR register.

» Set the polynomial generator length by writing the
PLEN (DCRCCONK<11:8>).

» Attach the CRC calculation to the desired DMA
channel performing the transfer by writing the
CRCCH (DCRCCON<2:0>).

» Use the Background mode by clearing the
CRCAPP (DCRCCON<6>) bit.

« Enable the CRC calculation by setting the
CRCEN (DCRCCON<7>).

* Once the DMA transfer begins, the CRC
calculation will begin as well.

* Once the DMA transfer ends, the CRC result will
be available by reading the DCRCDATA register.

Refer to Example 10-4.

Note:  The configuration steps specific for the
CRC configuration are shown. The DMA
transfer configuration is the same as
previously explained (see Section 10.2
“DMA Controller Operation™).
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EXAMPLE 10-4:

CRC BACKGROUND MODE OPERATION

/*

The following code exanple illustrates a DVA cal cul ati on using the CRC background node.

Data is

transferred froma 256 bytes Flash buffer to a RAM buffer and the CRC is cal cul ated while the

transfer takes place. */
unsi gned int bl ockCrc;

| ECICLR=0x00010000;
I FS1CLR=0x00010000;

DMACONSET=0x00008000;

DCRCDATA=0xffff;
DCRCXOR=0x1021;
DCRCCON=0x0f 80;

DCHOCON=0x03;
DCHOECON=0;

DCHOSSA=Vi rt ToPhys(fl ashBuff);

DCHODSA=Vi rt ToPhys(ranBuff);
DCHOSSI Z2=0;
DCHODSI Z=0;
DCHOCSI Z=0;

DCHOI NTCLR=0x00f f 00f f ;

DCHOCONSET=0x80;

DCHOECONSET=0x00000080;

11

Il
11

11
11

CRC of the flash bl ock

di sabl e DMA channel O interrupts
cl ear any existing DVMA channel O interrupt flag

enabl e the DVA controller

seed the CRC generator

Use the standard CCI TT CRC 16 pol ynom al : X*16+X"12+X"5+1
CRC enabl ed, polynom al length 16, background node

CRC attached to the DVMA channel 0.

channel
no start

of f,
irgs,

priority 3, no chaining
no nmatch enabl ed

program channel transfer

transfer source physical address
transfer destination physical address
source size

dst size

256 bytes per transfer

DMAO: clear events, disable interrupts

channel 0 on

initiate a transfer
set CFORCE to 1

/1 do sonething else while the transfer takes place

/1 poll

BOOL err or =FALSE;

whi | e( TRUE)

{
regi ster int pollCnt;
i nt dnaFl ags=DCHOI NT;
i f( (dmaFl ags& 0x3)

11

11
11

to see that the transfer was done

don’t poll in a tight |oop

CHERI F ( DCHx| NT<0>) or CHTAI F (DCHxI NT<1> set
error or aborted...

else if (dmaFl ags&0x8)

{
error =TRUE;
br eak;
}
{
br eak;
}
pol | Cnt =100;
whi | e(pol I Cnt--);
}
if(lerror)
{
bl ockCr c=DCRDATA;
}
el se
{
}

/1
11

11
Il

Il

11

CHBCI F ( DCHxI NT<3>) set
transfer conpleted normally

use an adjusted val ue here
wai t before polling again

read the CRC of the transferred flash bl ock

process error
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10.9 CRC Append Mode

The CRC Append mode is enabled by setting
CRCAPP (DCRCCON<6>).

In this mode, the behavior of the DMA channel is
changed.

Data read from the source will be fed into the CRC
generation module. No data is written to the destina-
tion address in CRC Append mode until a block trans-
fer completes or a pattern match occurs. On
completion, the CRC value will be written to the
address given by the Destination register (DCHxDSA).

This mode can be used for the CRC calculation of a
memory buffer, without actually performing a DMA
transfer to a destination.

CRC Append mode Features:

» Only the source is considered when deciding if a
block transfer is complete.

* The destination address (DCHxDSA) is only used
as the location to write the generated CRC to.

* The destination size (DCHxDSIZ) can have a

maximum size of 4.

- If DCHXDSIZ is greater than 4, only 4 bytes are
written at the end of the transfer.

- If DCHxDSIZ is less than 4, only DCHXDSIZ bytes
of the CRC are written to the destination address.

- The high bytes (bits 31:16) are written as 0’s if
more than 16 bits of the CRC are written.

- PLEN (CRCCONK<11:8>) has no effect on the
number of CRC bits that will be written to the
Destination register.

* No CRC written back on an abort IRQ, user abort,
bus error, etc.

10.9.1 CRC APPEND MODE
CONFIGURATION

Microchip recommends taking the following steps to
configure a CRC calculation in Background mode:

» Seed the CRC generator by writing the initial seed
to the DCRCDATA register.

» Set the polynomial generator by writing to the
DCRCXOR register.

» Set the polynomial generator length by writing the
PLEN (DCRCCON<11:8>).

» Attach the CRC calculation to the desired DMA
channel performing the transfer by writing the
CRCCH (DCRCCON<2:0>).

» Use the Append mode by setting the CRCAPP
(DCRCCON<6>) hit.

« Enable the CRC calculation by setting the
CRCEN (DCRCCON<7>).

» Program the DMA transfer destination with the
physical address of a variable where the CRC is
to be stored.

» Once the DMA transfer begins, the CRC
calculation will begin as well.

* Once the DMA transfer ends, the CRC result will
be deposited at the programmed DMA destination
address.

Refer to Example 10-5.

Note:  The configuration steps specific for the
CRC configuration are shown. The DMA
transfer configuration is the same as
previously explained (see Section 10.2

“DMA Controller Operation”).
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EXAMPLE 10-5: CRC APPEND MODE OPERATION

/*

The followi ng code exanple illustrates a DVA cal cul ati on using the CRC append node. The CRC of a
200 bytes flash buffer is calculated without perform ng any data transfer. As soon as the CRC
calculation is conpleted the CRC value of the flash buffer is available in a local variable for
further use. */

unsi gned int bl ockCrc; /1 CRC of the flash bl ock

| ECLCLR=0x00010000; /1 disable DVA channel 0 interrupts

| FS1CLR=0x00010000; /] clear any existing DVA channel O interrupt flag
DVACONSET=0x00008000; /1 enable the DVA controller

DCRCDATA=0xf f f f ; /1 seed the CRC generator

DCRCXOR=0x1021; /'l Use the standard CCI TT CRC 16 pol ynomi al : X"16+X"12+X"5+1
DCRCCON=0x0f cO; /1 CRC enabl ed, polynomial length 16, append node

/1 CRC attached to the DMA channel O.

DCHOCON=0x03; /'l channel off, priority 3, no chaining
DCHOECON=0; /'l no start irqgs, no match enabl ed

/1 program channel transfer
DCHOSSA=Vi rt ToPhys(fl ashBuff); /'l transfer source physical address
DCHODSA=Vi r t ToPhys( &bl ockCrc); /'l transfer destination physical address

DCHOSSI 2=200; /'l source size

DCHODSI Z=200; /1 dst size

DCHOCSI Z=200; /1 200 bytes per transfer

DCHOI NTCLR=0x00f f 00f f ; /1 DMAO: clear events, disable interrupts
DCH1I NTCLR=0x00f f 00f f ; /1 DMALl: clear events, disable interrupts
DCHOCONSET=0x80; /1 channel 0 on

/Il initiate a transfer
DCHOECONSET=0x00000080; /] set CFORCE to 1

/1 do sonething el se while the CRC cal cul ati on takes place

/1 poll to see that the transfer was done

BOOL error =FALSE;

whi | e( TRUE)

{
regi ster int pollCnt; /1 don’t poll in a tight |oop
i nt dmaFl ags=DCHOI NT;
i f( (dnaFl ags& 0x3)

{ /1 CHERIF (DCHxI NT<0>) or CHTAIF (DCHxI NT<1> set
error =TRUE; /'l error or aborted...
br eak;
}
else if (dmaFl ags&0x8)
{ /1 CHBCI F (DCHxI NT<3>) set
br eak; /1 transfer conpleted nornally
pol | Cnt =100; // use an adjusted val ue here
while(pollCnt--); /1 wait before polling again
}
if(error)
{
/] process error
}

/1 the block CRC is available in the blockCrc variable
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10.10 DMA Interrupts

The DMA device has the ability to generate interrupts
reflecting the events that occur during the channel’s
data transfer. The different kinds of DMA interrupt flags
are:

* CHERIF (DCHxINT<0>): Channel Error
interrupts, enabled using CHERIE
(DCHxINT<16>).

e CHTAIF (DCHxINT<1>): Channel Abort interrupts,
enabled using CHTAIE (DCHXINT<17>).

* CHBCIF (DCHxINT<3>): Channel Block complete
interrupts, enabled using CHBCIE
(DCHXINT<19>).

» CHCCIF (DCHxINT<2>): Channel Cell complete
interrupts, enabled using CHCCIE
(DCHXINT<18>).

« CHSDIF (DCHxINT<7>): Channel Source pointer
reached the end of the source, enabled by
CHSDIE (DCHXxINT<23>).

« CHSHIF (DCHxINT<6>): Channel Source pointer
reached midpoint of the source, enabled by
CHSHIE (DCHXxINT<22>).

e CHDDIF (DCHxINT<5>): Channel Destination
Pointer reached the end of the destination,
enabled by CHDDIE (DCHxINT<21>)

e CHDHIF (DCHxINT<4>): Channel Destination
Pointer reached midpoint of the destination,
enabled by CHDHIE (DCHXxINT<20>).

All the interrupts belonging to a DMA channel map to
the corresponding channel interrupt vector.

The corresponding interrupt flags are:
« DMAOIF (IFS1<16>)
« DMALIF (IFS1<17>)
« DMA2IF (IFS1<18>)
« DMA3IF (IFS1<19>)

All these interrupt flags must be cleared in software.

A DMA channel is enabled as a source of interrupts via
the respective DMA interrupt enable bits:

* DMAOIE (IEC1<16>)

+ DMALIE (IEC1<17>)

+ DMAZ2IE (IEC1<18>)

+ DMASIE (IEC1<19>)

The interrupt priority level bits and interrupt subpriority
level bits must be also be configured:

* DMAOQIP<2:0> (IPC9<4:2>), DMAOQIS<1:0>
(IPC9<1:0>).

* DMAL1IP<2:0> (IPC9<12:10>), DMA1IS<1:0>
(IPC9<9:8>).

 DMA2IP<2:0> (IPC9<20:18>), DMA2IS<1:0>
(IPC9<17:16>).

* DMAS3IP<2:0> (IPC9<28:26>), DMA3IS<1:0>
(IPC9<25:24>).

In addition to enabling the DMA interrupts, Interrupt
Service Routines (ISRs) are required for each different
interrupt vector used. See Example 10-6 and
Example 10-7.

Note: It is the user’s responsibility to clear the
corresponding interrupt flag bit before

returning from an ISR.
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EXAMPLE 10-6: DMA INITIALIZATION WITH INTERRUPTS

/*
The following code exanple illustrates a DVA channel 0 interrupt configuration.
When the DMA channel O interrupt is generated, the CPUw Il junp to the vector assigned to DVAO
interrupt.
*/
| ECICLR=0x00010000; /1 disable DVA channel 0 interrupts
| FS1CLR=0x00010000; /'l clear any existing DVMA channel O interrupt flag
DMACONSET=0x00008000; /1 enable the DVA controller
DCHOCON=0x03; /1l channel off, priority 3, no chaining
DCHOECON=0; /'l no start or stop irq's, no pattern match

/1 programthe transfer

DCHOSSA=0x1d010000; /'l transfer source physical address
DCHODSA=0x1d020000; /1 transfer destination physical address
DCHOSSI Z=0; /'l source size 256 bytes
DCHODSI Z=0; /] destination size 256 bytes
DCHOCSI Z=0; /'l 256 bytes transferred pe event
DCHOI NTCLR=0x00f f 00f f ; /] clear existing events, disable all interrupts
DCHOI NTSET=0x00090000; /'l enable Bl ock Conplete and error interrupts
| PCOCLR=0x0000001f ; /Il clear the DVA channel O priority and subpriority
| PCOSET=0x00000016; /1 set IPL 5, subpriority 2
| ECLSET=0x00010000; /'l enabl e DVA channel O interrupt
DCHOCONSET=0x80; /1 turn channel on

/1 initiate a transfer
DCHOECONSET=0x00000080; /] set CFORCE to 1

/1 do sonething el se

/1 will get an interrupt when the block transfer is done
/1 or when error occurred

EXAMPLE 10-7: DMA CHANNEL 0 ISR

/*

The fol |l owi ng code exanpl e denpbnstrates a sinple Interrupt Service Routine for DVA channel 0O
interrupts. The user’'s code at this vector should performany application specific operations

and nust clear the DMAO interrupt flags before exiting.
*
/

void __I SR(_DVA 0_VECTOR, ipl5) __DWMAOI nterrupt(void)

{
int dnmaFl ags=DCHOI NT&Oxf f ; /'l read the interrupt flags
/'l perform application specific operations in response to any interrupt flag set
DCHOI NTCLR=0x000000f f ; /1 clear the DVA channel interrupt flags
| FS1ICLR = 0x00010000; /1 Be sure to clear the DMAO interrupt flags
/'l before exiting the service routine.
}

Note: The DMA ISR code example shows
MPLAB® C32 C compiler specific syntax.
Refer to your compiler manual regarding
support for ISRs.
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10.11 1/O Pin Control

The DMA controller module does not use any 1/O pins.
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11.0 USB ON-THE-GO

Note:  This data sheet summarizes the features of
the PIC32MX3XX/4XX family of devices. It
is not intended to be a comprehensive refer-
ence source. Refer to the “PIC32MX Family
Reference Manual” (DS61132) for a
detailed description of this peripheral.

The Universal Serial Bus (USB) module contains ana-
log 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 PIC32MX 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 PIC32MX USB module includes the following
features:

» USB Full-Speed Support for Host and Device

» Low-Speed Host Support

* USB On-The-Go (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 Controller to Access System
RAM and Flash

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

obligations.
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FIGURE 11-1:

PIC32MX3XX/4XX FAMILY USB INTERFACE DIAGRAM
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PB clock is only available on this pin for select EC modes.
Pins can be used as digital inputs when USB is not enabled.
This bit field is contained in the OSCCON register.

This bit field is contained in the OSCTRM register.

USB PLL UFIN requirements: 4 MHz <= FIN <= 5 MHz.

This bit field is contained in the DEVCFG2 register.

A 48 MHz clock is required for proper USB operation.

Pins can be used as GPIO when the USB module is disabled.
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11.1 Control Registers

The USB module includes the following Special Func-

tion Registers (SFRs):

* ULOTGIR: USB OTG Interrupt Flag Register

* ULOTGIE: USB OTG Interrupt Enable Register

* U1OTGSTAT: USB Comparator and Pin Status
Register

* U1OTGCON: USB Resistor and Pin Control
Register

« U1PWRC: USB Power Control Register

e U1IR: USB Pending Interrupt Register

» ULIE: USB Interrupt Enable Register

« ULEIR: USB Pending Error Interrupt Register

« ULEIE: USB Interrupt Enable Register

» UI1STAT: USB Status FIFO Register

* UL1CON: USB Module Control Register

« U1ADDR: USB Address Register

¢ U1FRMH and U1FRML: USB Frame Count
Registers

* ULTOK: USB Host Control Register
e U1SOF: USB SOF Counter Register

e U1BDTP1, U1IBDTP2, and U1BDTP3: USB Buffer
Descriptor Table Pointer Register

« U1CNFGL1: USB Debug and Idle Register
* U1lEPO-U1EP15: USB Endpoint Control Registers

11.11 U1OTGIR REGISTER

U10TGIR (Register 11-1) records changes on the ID,
data and VBUS pins, enabling software to determine
which event caused an interrupt. The interrupt bits are
cleared by writing a ‘1’ to the corresponding interrupt.

11.1.2 U1OTGIE REGISTER

U1OTGIE (Register 11-2) enables the corresponding
interrupt Status bits defined in the ULOTGIR register to
generate an interrupt.

11.1.3 U1OTGSTAT REGISTER

UL1OTGSTAT (Register 11-3) provides access to the
status of the VBUS voltage comparators and the
debounced status of the ID pin.

11.1.4 UL1OTGCON REGISTER

U1OTGCON (Register 11-4) controls the operation of
the VBUS pin, and the pull-up and pull-down resistors.
11.1.5 U1PWRC REGISTER

U1PWRC (Register 11-5) controls the power-saving
modes, as well as the module enable/disable control.
11.1.6 UlIR REGISTER

U1IR (Register 11-6) contains information on pending
interrupts. Once an interrupt bit is set, it can be cleared
by writing a ‘1’ to the corresponding bit.

11.1.7 U1llE REGISTER

U1IE (Register 11-7) values provide gating of the vari-
ous interrupt signals onto the USB interrupt signal.
These values do not interact with the USB module.
Setting any of these bits enables the corresponding
interrupt source in the ULIR register.

11.1.8 U1EIR REGISTER

U1EIR (Register 11-8) contains information on pending
error interrupt values. Once an interrupt bit is set, it can
be cleared by writing a ‘1’ to the corresponding bit.

11.1.9 U1EIE REGISTER

U1EIE (Register 11-9) values provide gating of the var-
ious interrupt signals onto the USB interrupt signal.
These values do not interact with the USB module. Set-
ting any of these bits enables the respective interrupt
source in the U1EIR register if UERR is also set in the
U1IE register.

11.1.10 UI1STAT REGISTER

U1STAT (Register 11-10) is a 16-deep First In, First
Out (FIFO) register. It is read-only by the CPU and
read/write by the USB module. U1STAT is only valid
when the U1IR<TRNIF> bit is set.

11.1.11 U1CON REGISTER

U1CON (Register 11-11) provides miscellaneous
control and information about the module.

11.1.12 U1ADDR REGISTER

U1ADDR (Register 11-12) is a read/write register from
the CPU side and read-only from the USB module side.
Although the register values affect the settings of the
USB module, the content of the registers does not
change during access.

In Device mode, this address defines the USB device
address as assigned by the host during the SETUP
phase. The firmware writes the address in response to
the SETUP request. The address is automatically reset
when a USB bus Reset is detected. In Host mode, the
module transmits the address provided in this register
with the corresponding token packet. This allows the
USB module to uniquely address the connected
device.

11.1.13 U1FRMH AND U1FRML REGISTERS

ULFRMH and U1FRML (Register 11-13 and
Register 11-14) are read-only registers. The frame
number is formed by concatenating the two 8-bit regis-
ters. The high-order byte is in the ULIFRMH register,
and the low-order byte is in ULFRML.
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11.1.14 U1TOK REGISTER

ULTOK (Register 11-15) is a read/write register
required when the module operates as a host. Itis used
to specify the token type, PID<3:0> (Packet ID), and
the endpoint, EP<3:0>, being addressed by the host
processor. Writing to this register triggers a host
transaction.

11.1.15 U1SOF REGISTER

U1SOF (Register 11-16) threshold is a read/write reg-
ister that contains the count bits of the Start-of-Frame
(SOF) threshold value, and are used in Host mode only.

To prevent colliding a packet data with the SOF token
that is sent every 1 ms, the USB module will not send
any new transactions within the last ULSOF byte times.
The USB module will complete any transactions that
are in progress. In Host mode, the SOF interrupt occurs
when this threshold is reached, not when the SOF
occurs. In Device mode, the interrupt occurs when a
SOF is received. Transactions started within the SOF
threshold are held by the USB module until after the
SOF token is sent.

11.1.16 U1BDTP1, U1BDTP2 AND U1BDTP3
REGISTERS

These registers (Register 11-17, Register 11-18 and
Register 11-19) are read/write registers that define the
upper 23 bits of the 32-bit base address of the Buffer
Descriptor Table (BDT) in the system memory. The
BDT is forced to be 512 byte-aligned. This register
allows relocation of the BDT in real time.

11.1.17 UI1CNFG1 REGISTER

UL1CNFG1 (Register 11-20) is a read/write register that
controls the Debug and Idle behavior of the module.
The register must be preprogrammed prior to enabling
the module.

11.1.18 UI1EPO-U1EP15 REGISTERS

These registers control the behavior of the correspond-
ing endpoint.

11.1.19 ASSOCIATED REGISTERS

The following registers are not part of the USB module
but are associated with module operation.

» |EC1: Interrupt Enable Control Register
(Register 11-22)

» IFS1: Interrupt Flag Status Register
(Register 8-5)

* DEVCFG2: Device Configuration Word 2
(Register 27-3)

* OSCCON: Oscillator Control Register
(Register 4-1)

11.1.20 CLEARING USB OTG INTERRUPTS

Unlike other device-level interrupts, the USB OTG
interrupt status flags are not freely writable in software.
All USB OTG flag bits are implemented as hardware-
set bits. These bits can only be cleared in software by
writing a ‘1’ to their locations. Writing a ‘0’ to a flag bit
has no effect.

Note:  Throughout this section, a bit that can only
be cleared by writing a ‘1’ to its location is
referred to as “Write ‘1’ to clear bit”". In reg-
ister descriptions, this function is indicated

by the descriptor ‘K’.
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TABLE 11-1: USB REGISTER SUMMARY

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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

BF88_5040 |U10TGIR 31:24 — — — — — = — —
23:16 — — — — — = — —

15:8 — — — — — = — —

7:0 IDIF TIMSECIF | LSTATEIF ACTVIF SESVDIF | SESENDIF — VBUSVDIF
BF88_5050 |U1O0TGIE 31:24 — — — — = — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
70 IDIE TIMSECIE | LSTATEIE ACTVIE SESVDIE | SESENDIE — VBUSVDIE
BF88_5060 |U1OTGSTAT | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —

7:0 ID — LSTATE — SESVD SESEND — VBUSVD
BF88_5070 |U1OTGCON | 31:24 — — — — — = — —
23:16 — — — — — = — —

15:8 — — — — = — — —
7:0 DPPULUP DMPULUP | DPPULDWN | DMPULDWN| VBUSON OTGEN VBUSCHG VBUSDIS
BF88_5080 |U1PWRC 31:24 — — — — = — — —
23:16 — — — — = - — —

15:8 — — — — — — — —
70 UACTPND — — USLPGRD — — USUSPEND | USBPWR
BF88_5200 |U1lIR 31:24 — — — — = — — —
23:16 — — — — — — — —
15:8 — — — — — — — —

7:0 URSTIF
STALLIF ATTACHIF | RESUMEIF IDLEIF TRNIF SOFIF UERRIF
DETACHIF

BF88_5210 |U1lIE 31:24 — — — — = - — —
23:16 — — — — — — — _
15:8 — — — — = — — —

7.0 URSTIE
STALLIE ATTACHIE | RESUMEIE IDLEIE TRNIE SOFIE UERRIE
DETACHIE

BF88_5220 |U1EIR 31:24 — — — — — = — —
23:16 — — — — — = — —

15:8 — — — — = — — —
7:0 CRC5EF
BTSEF BMXEF DMAEF BTOEF DFNSEF CRC16EF PIDEF
EOFEF
BF88_5230 |U1EIE 31:24 — — — — = - — —

23:16 — — — — — = — —

15:8 — — — — — = — —

7.0 CRC5EE
BTSEE BMXEE DMAEE BTOEE DFNSEE CRCI16EE PIDEE
EOFEE
BF88_5240 |U1STAT 31:24 — — — — — — — —

23:16 — — — — — = — —

15:8 — — — — — = — —
7:0 ENDPT<3:0> DIR PPBI — —

© 2008 Microchip Technology Inc. Preliminary DS61143D-page 245



PIC32MX3XX/4XX

TABLE 11-1: USB REGISTER SUMMARY (CONTINUED)

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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

BF88_5250 |U1CON 31:24 — — — — — = — —

23:16 — — — — — = — —

15:8 — — — — — = — —
7.0 PKTDIS USBEN
JSTATE SEO USBRST HOSTEN RESUME PPBRST
TOKBUSY SOFEN
BF88_5260 |U1ADDR 31:24 — — — — — — — —

23:16 — — — — — = — —

15:8 — — — — — = — —

7:0 LSPDEN DEVADDR<6:0>
BF88_5270 |U1BDTP1 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — = — —

7:0 BDTPTRL<15:9> —

BF88_5280 |U1FRML 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 FRML<7:0>
BF88_5290 |U1FRMH 31:24 — — — — — — — —

23:16 — — — — — = — —

15:8 - — = — — —_ — _
7.0 — — — — — FRMH<10:8>
BF88_52A0 |U1TOK 31:24 - — = — — —_ — —
23:16 - — = = — — — —
15:8 - — = — — —_ — _

70 PID<3:0> EP<3:0>

BF88_52B0 |U1SOF 31:24 — — — — = — — —
23:16 — — — — — — — _
15:8 — — — — — — — —

7.0 CNT<7:0>
BF88_52C0 |U1BDTP2 31:24 — — — — = — — —

23:16 — — — — — = — —

15:8 — — — — — = — —
7.0 BDTPTRH<23:16>
BF88_52D0 |U1BDTP3 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — = — —

7:0 BDTPTRU<31:24>

BF88_52E0 |U1CNFG1 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 UTEYE UOEMON USBFRZ USBSIDL — — — —
BF88_5300 |U1EPO 31:24 — — — — — — — —

23:16 — — — — — = — —

15:8 = = = = = = = =
7:0 LSPD RETRYDIS = EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK
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TABLE 11-1: USB REGISTER SUMMARY (CONTINUED)

Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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

BF88_5310 |U1EP1 31:24 — — — — — = — —

23:16 — — — — — = — —

15:8 — — — — — = — —
7.0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_5320 |U1EP2 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — = — —

7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK

BF88_5330 |U1EP3 31:24 — — — — = - — —
23:16 — — — — — — — _
15:8 — — — — = — — —

7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK

BF88_5340 |U1EP4 31:24 — — — — — = — —

23:16 — — — — — = — —

15:8 — — — — — — — —
7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_5350 |U1EP5 31:24 — — — — = — — —
23:16 — — — — — — — —

15:8 — — — — — = — —

70 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_5360 |U1EP6 31:24 — — — — = — — —
23:16 — — — — — — — —
15:8 — — — — — — — —

7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK

BF88_5370 |U1EP7 31:24 — — — — — = — —

23:16 — — — — — = — —

15:8 — — — — — — — —
7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_5380 |U1EP8 31:24 — — — — = — — —
23:16 — — — — — — — —

15:8 — — — — — = — —

70 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_5390 |U1EP9 31:24 — — — — = — — —
23:16 — — — — — — — —
15:8 — — — — — — — —

7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK

BF88_53A0 |U1EP10 31:24 — — — — — = — —

23:16 — — — — — = — —

15:8 — — — — — — — —
7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_53B0 |U1EP11 31:24 — — — — = — — —
23:16 — — — — — — — —

15:8 — — — — — = — —

7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
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TABLE 11-1: USB REGISTER SUMMARY (CONTINUED)
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_53C0 |U1EP12 31:24 = = = = = — — —
23:16 = = = = = — — —
15:8 — — — — — — — —
7.0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_53D0 |U1EP13 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_53E0 |U1EP14 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 — — — — — — — —
7:0 — — — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
BF88_53F0 |U1EP15 31:24 — — — — — — — —
23:16 = = = = = — — —
15:8 — — — — — — — —
7:0 — — — EPCONDIS | EPRXEN | EPTXEN | EPSTALL | EPHSHK
TABLE 11-2:  USB INTERRUPT REGISTER SUMMARY®)
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_1040 (IFS1 31:24 — — — — — — USBIF FCEIF
BF88_1070 |IEC1 31:24 = = = = = = USBIE FCEIE
BF88_1140 (IPC11 15:8 — — — USBIP<2:0> USBIS<1:0>

Note 1: This summary table contains partial register definitions that only pertain to the USB peripheral. Refer to the “PIC32MX Family

Reference Manual” (DS61132) for a detailed description of these registers.

TABLE 11-3: OSCILLATOR CONFIGURATION®
Virtual Name Bit Bit Bit Bit Bit Bit Bit Bit
Address 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
BF88_F000 |OSCCON 7:0 CLKLOCK ULOCK LOCK SLPEN CF UFRCEN SOSCEN OSWEN
BFCO_2FF4 [DEVCFG2 15:8 | FUPLLEN® = = = = FUPLLIDIV<2:0>@

Note 1: This summary table contains partial register definitions that only pertain to the USB peripheral. Refer to the “PIC32MX Family

Reference Manual” (DS61132) for a detailed description of these registers.

Note 2: FUPLLEN and FPLLODIV<2:0> are only available on PIC32MX4XX family variants.
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REGISTER 11-1: U1O0TGIR: USB OTG INTERRUPT FLAG REGISTER

r-x r-x r-x r-x r-x r-x r-x r-x

bit 31 bit 24
r-x r-x r-x r-x r-x r-x r-x r-x

bit 23 bit 16
r-x r-x r-x r-x r-x r-x r-x r-x

bit 15 bit 8

R/W/K-0 R/W/K-0 R/W/K-0 R/W/K-0 R/W/K-0 R/W/K-0 r-x R/W/K-0

IDIF ‘ T1IMSECIF ‘ LSTATEIF | ACTVIF | SESVDIF | SESENDIF ‘ — ‘ VBUSVDIF

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit

U = Unimplemented bit K = Write ‘1’ to clear -n = Bit Value at POR: (‘0’, ‘1’, x = unknown)

bit 31-8 Reserved: Write ‘0’; ignore read

bit 7 IDIF: ID State Change Indicator bit

Write a ‘1’ to this bit to clear the interrupt.
1 = Change in ID state detected
0 = No change in ID state detected

bit 6 TIMSECIF: 1 Millisecond Timer bit

Write a ‘1’ to this bit to clear the interrupt.
1 = 1 millisecond timer has expired
0 = 1 millisecond timer has not expired

bit 5 LSTATEIF: Line State Stable Indicator bit

Write a ‘1’ to this bit to clear the interrupt.
1 = USB line state has been stable for 1 ms, but different from last time
0 = USB line state has not been stable for 1 ms

bit 4 ACTVIF: Bus Activity Indicator bit

Write a ‘1’ to this bit to clear the interrupt.
1 = Activity on the D+, D-, ID, or VBUS pins has caused the device to wake-up
0 = Activity has not been detected

bit 3 SESVDIF: Session Valid Change Indicator bit

Write a ‘1’ to this bit to clear the interrupt.
1 = VBus voltage has dropped below the session end level
0 = VBUS voltage has not dropped below the session end level

bit 2 SESENDIF: B-Device VBus Change Indicator bit

Write a ‘1’ to this bit to clear the interrupt.
1 = A change on the session end input was detected
0 = No change on the session end input was detected

bit 1 Reserved: Write ‘0’; ignore read
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REGISTER 11-1: U1O0TGIR: USB OTG INTERRUPT FLAG REGISTER

r-X r-X r-x r-x r-X r-X r-x r-X
bit 31 bit 24
r-X r-X r-x r-x r-x r-X r-x r-X
bit 23 bit 16
r-X r-X r-x r-x r-x r-X r-x r-X
bit 15 bit 8
R/W/K-0 R/W/K-0 R/W/K-0 R/W/K-0 R/W/K-0 R/W/K-0 r-x R/W/K-0
IDIF ‘ TIMSECIF ‘ LSTATEIF | ACTVIF | SESVDIF | SESENDIF ‘ — ‘ VBUSVDIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit P = Programmable bit r = Reserved bit
U = Unimplemented bit K = Write ‘1’ to clear -n = Bit Value at POR: (‘0’, ‘1’, x = unknown)
bit 31-8 Reserved: Write ‘0’; ignore read
bit 7 IDIF: ID State Change Indicator bit
Write a ‘1’ to this bi