PIC24FJ512GU410 Family
MICROCHIP Data Sheet

16-Bit eXtreme Low-Power Microcontrollers with LCD
Controller and USB

High-Performance CPU

* Modified Harvard Architecture

* 512 Kbytes Flash Memory

* 32 Kbytes RAM

* Up to 16 MIPS Operation @ 32 MHz

» 17-Bit x 17-Bit Single-Cycle Hardware Fractional/Integer Multiplier

» 32-Bit by 16-Bit Hardware Divider

* 16-Bit x 16-Bit Working Register Array

» C Compiler Optimized Instruction Set Architecture

» Two Address Generation Units for Separate Read and Write Addressing of Data Memory

LCD Display Controller

* 64 Segments and 8 Commons Supporting up to 480 Pixels
+ LCD Charge Pump with 5 pA Low Power

» Core-Independent LCD Animation

» Operation in Sleep Mode

Analog Features

* Up to 24-Channel, Software Selectable 10/12-Bit Analog-to-Digital Converter:
— 12-bit, 350K samples/second conversion rate (single Sample-and-Hold)
— 10-bit, 400K samples/second conversion rate (single Sample-and-Hold)
— Sleep mode operation
— Low-voltage boost for input
— Band gap reference input feature
— Core-independent windowed threshold compare feature
— Auto-scan feature

* Three Analog Comparators with Input Multiplexing:
— Programmable reference voltage for comparators

« 10-Bit, 1 Msps DAC with Buffered Output
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PIC24FJ512GU410 Family Data Sheet

eXtreme Low-Power Features

Sleep and Idle modes Selectively Shut Down:

— Peripherals and/or core for substantial power reduction and fast wake-up

Doze mode Allows CPU to Run at a Lower Clock Speed than Peripherals
Alternate Clock modes Allow On-the-Fly:

— Switching to a lower clock speed for selective power reduction
Retention Sleep with On-Chip Ultra Low-Power Retention Regulator

Functional Safety and Security Peripherals

Fail-Safe Clock Monitor Operation:
— Detects clock failure and switches to on-chip, low-power RC Oscillator
Power-on Reset (POR), Brown-out Reset (BOR)
Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)
Programmable High or Low-Voltage Detect (HLVD)
Flexible Watchdog Timer (WDT) with RC Oscillator for Reliable Operation
Deadman Timer (DMT) for Safety-Critical Applications
Programmable 32-Bit Cyclic Redundancy Check (CRC) Generator
Flash Configurable as OTP by ICSP™ Write Inhibit
CodeGuard™ Security
ECC Flash Memory with Fault Injection:
— Single Error Correction (SEC)
— Double-Error Detection (DED)
Customer OTP Memory
Unique Device Identifier (UDID), 120-Bit Unique ID

Special Microcontroller Features

Supply Voltage Range of 2.0V to 3.6V

Operating Ambient Temperature Range of -40°C to +125°C
On-Chip Voltage Regulators (1.8V) for Low-Power Operation
Large, Dual Partition Flash Program Array:

— The device’s Flash memory can be configured into two physical sections or a single physical section

— Capable of holding two independent software applications, including bootloader

— Permits simultaneous programming of one partition while executing application code from the other

— Allows run-time switching between Active Partitions

Flash Memory:

— 10,000 erase/write cycle endurance, typical
Data retention: 20 years minimum
Self-programmable under software control
Flash OTP emulation
8 MHz Fast RC Internal Oscillator:

— Multiple clock divide options

— Fast start-up
96 MHz PLL Option
Programmable Reference Clock Output

In-Circuit Serial Programming™ (ICSP™) and
In-Circuit Emulation (ICE) via Two Pins
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PIC24FJ512GU410 Family Data Sheet

JTAG Boundary Scan Support

Peripheral Features

Independent, Low-Power 32 kHz Timer Oscillator
Six-Channel DMA Controller:
— Minimizes CPU overhead and increases data throughput
Timer1: 16-Bit Timer/Counter with External Crystal Oscillator; Timer1 can Provide an A/D Trigger
Timer2,3,4,5: 16-Bit Timer/Counter, can Create 32-Bit Timer; Timer3 and Timer5 can Provide an A/D Trigger

Eight MCCP modules, Each with a Dedicated
16/32-Bit Timer:

— Three 6-output MCCP modules
— Five 2-output MCCP modules
Four Variable Widths, Serial Peripheral Interface (SPI) Ports on All Devices; Three Operation modes:
— Three-wire SPI (supports all four SPI modes)
— Up to 32-byte deep FIFO buffer
— 1S mode
— Speed up to 24 MHz
Three 12C Master and Slave w/Address Masking, PMBus™ and IPMI Support
Six UART modules:

— LIN/J2602 bus support (auto-wake-up,
Auto-Baud Detect, Break character support)

— RS-232 and RS-485 support

— IrDA® mode (hardware encoder/decoder functions)
Five External Interrupt Pins
Hardware Real-Time Clock and Calendar (RTCC)

Peripheral Pin Select (PPS) allows Independent
I/O Mapping of Many Peripherals

Configurable Interrupt-on-Change on All I/O Pins:

— Each pin is independently configurable for rising edge or falling edge change detection
Reference Clock Output with Programmable Divider
Four Configurable Logic Cell (CLC) Blocks:

— Two inputs and one output, all mappable to peripherals or I/O pins

— AND/OR/XOR logic and D/JK flip-flop functions

PIC24FJ512GU410 Product Families

The device names, pin counts, memory sizes and peripheral availability of each device are listed in Table 1. The
following pages show their pinout diagrams.
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Table 1. PIC24FJ512GU410 Family

e e I e e e e R C )
32k 100 85 37 6 3 Yes Yes 8 5 3 4 6 4 Yes 24 Yes

PIC24FJ512GU410 512k (58x8)

PIC24FJ512GU408 512k 32k 80 69 36 6 3 Yes = Yes 8 5 3 4 6 (45x8) 4 Yes 17 Yes
PIC24FJ512GU406 512k 32k 64 53 | 33 6 3 Yes | Yes 8 5 3 4 6 (29x8) 4 Yes 16 Yes
PIC24FJ512GU405 512k 32k 48 38 24 6 3 No Yes 7 5 3 4 4 (15x8) 4 Yes 12 Yes
PIC24FJ256GU410 256k 32k 100 85 | 37 6 3 Yes | Yes 8 5 3 4 6 (58x8) 4 Yes 24 Yes
PIC24FJ256GU408 256k 32k 80 69 36 6 3 Yes = Yes 8 5 3 4 6 (45x8) 4 Yes 17 Yes
PIC24FJ256GU406 256k 32k 64 53 | 33 6 3 Yes | Yes 8 5 3 4 6 (29x8) 4 Yes 16 Yes
PIC24FJ256GU405 256k 32k 48 38 24 6 3 No Yes 7 5 3 4 4 (15x8) 4 Yes 12 Yes
PIC24FJ128GU410 128k 32k 100 85 | 37 6 3 Yes | Yes 8 5 3 4 6 (58x8) 4 Yes 24 Yes
PIC24FJ128GU408 128k 32k 80 69 36 6 3 Yes = Yes 8 5 3 4 6 (45x8) 4 Yes 17 Yes
PIC24FJ128GU406 128k 32k 64 53 | 33 6 3 Yes | Yes 8 5 3 4 6 (29x8) 4 Yes 16 Yes
PIC24FJ128GU405 128k 32k 48 38 24 6 3 No Yes 7 5 3 4 4 (15x8) 4 Yes 12 Yes
PIC24FJ512GL410 512k 32k 100 86 | 37 6 3 Yes | Yes 8 5 3 4 6 (60x8) 4 Yes 24 No
PIC24FJ512GL408 512k 32k 80 70 36 6 3 Yes = Yes 8 5 3 4 6 (47x8) 4 Yes 17 No
PIC24FJ512GL406 512k 32k 64 54 | 34 6 3 Yes | Yes 8 5 3 4 6 (32x8) 4 Yes 16 No
PIC24FJ512GL405 512k 32k 48 39 26 6 3 No Yes 7 5 3 4 4 (19x8) 4 Yes 12 No
PIC24FJ256GL410 256k 32k 100 86 | 37 6 3 Yes | Yes 8 5 3 4 6 (60x8) 4 Yes 24 No
PIC24FJ256GL408 256k 32k 80 70 36 6 3 Yes = Yes 8 5 3 4 6 (47x8) 4 Yes 17 No
PIC24FJ256GL406 256k 32k 64 54 | 34 6 3 Yes | Yes 8 5 3 4 6 (32x8) 4 Yes 16 No
PIC24FJ256GL405 256k 32k 48 39 26 6 3 No Yes 7 5 3 4 4 (19x8) 4 Yes 12 No
PIC24FJ128GL410 128k 32k 100 86 | 37 6 3 Yes | Yes 8 5 3 4 6 (60x8) 4 Yes 24 No
PIC24FJ128GL408 128k 32k 80 70 36 6 3 Yes = Yes 8 5 3 4 6 (47x8) 4 Yes 17 No
PIC24FJ128GL406 128k 32k 64 54 | 34 6 3 Yes | Yes 8 5 3 4 6 (32x8) 4 Yes 16 No
PIC24FJ128GL405 128k 32k 48 39 26 6 3 No Yes 7 5 3 4 4 (19x8) 4 Yes 12 No
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PIC24FJ512GU410 Family Data Sheet

Pin Diagrams (PIC24FJXXXGL405 Devices)

48-Pin TQFP/UQFN

® N - O - 5 T N © O ¥ o

w wl JiN] w w n O [a)] [a)] [a) [a)] [a)

['4 ['4 4 xXx c > > 4 X o X o

C IO T I T E T T T e

@ 48 47 46 45 44 43 42 41 40 39 38 37
REs| | 1 36 [ |Rc14
Res| | 2 35 [ |ret3
Re7| |3 34 [[|roo
rRe7| | 4 33 [[|Ro11
rRes| | 5 32 [|ro10
MCLR| |6 31 [ |vss
] PIC24FJXXXGL405(1)

vss| | 7 30 [ |re1s2d
voo| | 8 29 [ |re12
R85:| 9 28 |:VDD
re4[ ] 10 27 [[|re2
RB1 :| 1 26 [RG3
R|30:| 12 25 [_|RF3

13 14 15 16 17 18 19 20 21 22 23 24

|_||_||_||_||_||_||_||_||_||_||_||_|

& @ 8 8 2 g

o

Notes:

1. Shaded pins are up to 5.5 Vp tolerant.

nc§>§
Z z
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2. This pin may be toggled during programming.
3. This pin has an increased current drive strength.

Table 2. PIC24FJXXXGL405 Devices

RB10
RB11
RB14

RB15(3)

EE!I

o I

LCDBIAS2/RP34/RE5 SEG12/RP16/RF3
2 LCDBIAS1/RP35/SCL3/RE6 26 SEGA47/SDA1/OCM1F/INTO/RG3
3 LCDBIASO0/RP36/SDA3/RE7 27 | SEG28/SCL1/RG2
4 Vi cap1/C1INC/AC2INC/AC3INC/RP26/RG7 28 Vpp
5 Vicap2/C2IND/RP19/OCM2A/RGS 29  OSC1/CLKI/RC12
6 MCLR 30 OSC2/CLKO/RC15(23)
7 |Vss 31 | Vss
8 Vpp 32 SEG15/C3IND/RP3/RD10
9 | PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/RB5 33 | SEG16/C3INC/RP12/RD11
10 PGED3/SEG3/AN4/C1INB/RP28/ASDA1/RB4 34 SEG17/RP11/RDO
11 | PGEC1/SEG6/CVRgr-/AN1/RP1/RB1 35 | SOSCI/RC13
12  PGED1/SEG7/NVger+/CVrer+/DVrer+/ANO/RPO/RBO 36 SOSCO/SCLKI/RPI37/RC14
13 | PGEC2/LCDBIAS3/AN6/RP6/RB6 37 | SEG22/RP22/SCK3/RD3
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 5
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PIC24FJ512GU410 Family Data Sheet

...continued

15
16
17
18
19
20
21
22
23
24

PGED2/AN7/RP7/T1CK/RB7

AVpp

AVss

COM7/SEG31/AN8/RP8/RB8
COM®6/SEG30/AN9/RP9/RB9
TMS/COMS/SEG29/CVRrer/AN10/RPI44/RB10
TDO/AN11/RB11
TCK/SEG8/AN14/RP14/OCM1C/RB14
TDI/SEG9/AN15/RP29/0CM1D/RB15(3)
SEG10/RP10/SDA2/RF4
SEG11/RP17/SCL2/RF5

Notes:

1.
2.
3.

39
40
41
42
43
44
45
46
47
48

SEG23/RP25/SDI3/RD4
SEG24/RP20/SDO3/RD5
SEG25/C3INB/RP32/SS3/FSYNC3/RD6
SEG26/C3INA/RP33/RD7

Vear

Vss
COM4/SEG48/RPI145/0CM1E/RF1
COMS3/REO

COM2/RE1

COM1/RE2

COMO/LVDIN/RE3

RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.

This pin may be toggled during programming.

These pins have an increased current drive strength.

© 2019-2021 Microchip Technology Inc.
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PIC24FJ512GU410 Family Data Sheet

Pin Diagrams (PIC24FJXXXGU405 Devices) (Continued)

48-Pin TQFP/UQFN

® N - O - o T N © O ¥ o
w wl JiN] w w n O [a)] [a)] [a) [a)] [a)
['4 ['4 4 xXx c > > 4 X o X o
C IO T I T E T T T e
@ 48 47 46 45 44 43 42 41 40 39 38 37
REs| | 1 36 [ |Rc14
Res| | 2 35 [ |ret3
Re7| |3 34 [[|roo
rRe7| | 4 33 [[|Ro11
rRes| | 5 32 [|ro10
MCLR| |6 31 [ |vss
] PIC24FJXXXGU405(1)
vss| | 7 30 [ |rets2d
voo| | 8 29 [ |re12
RB5 :| 9 28 |: VoD
rRea|_| 10 27 [1Ra2@
RB1[ | 11 26 [ |reg®
RBOj 12 25 [VUSB3V3
13 14 15 16 17 18 19 20 21 22 23 24
|_||_||_||_||_||_||_||_||_||_||_||_|
& @ 8 8 2 T

Notes:

1.
2.
3.
4.

Shaded pins are up to 5.5 Vp tolerant.

o

nc§>§
Z z

14

This pin may be toggled during programming.
This pin has an increased current drive strength.
Open-drain configuration does not apply to this pin.

Table 3. PIC24FJXXXGU405 Devices

© 00 N O O b~ W0 DN

-
o

12

LCDBIAS2/RP34/RE5
LCDBIAS1/RP35/SCL3/RE6
LCDBIASO/RP36/SDA3/RE7

V| cap1/C1INC/AC2INC/AC3INC/RP26/RG7

V| cap2/C2IND/RP19/0CM2A/RG8

PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/RB5
PGED3/SEG3/AN4/C1INB/RP28/ASDA1/USBOEN/RB4
PGEC1/SEG6/CVRer-/AN1/RP1/RB1
PGED1/SEG7/Vrer+/CVRrer+/DVrer+/ANO/RPO/RBO

RB10
RB11
RB14

RB15(3)

25
26
27
28
29
30
31
32
33
34
35
36

EE!I

VusBava
D-/OCM1F/RG3(4)

D+/RG2@

Vbp

OSC1/CLKI/RC12
OSC2/CLKO/RC15(23)

Vss
SEG15/C3IND/RP3/RD10
SEG16/C3INC/RP12/RD11
SEG17/RP11/RD0O
SOSCI/RC13
SOSCO/SCLKI/RPI37/RC14

© 2019-2021 Microchip Technology Inc.
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PIC24FJ512GU410 Family Data Sheet

...continued

14
15
16
17
18
19
20
21
22
23
24

PGEC2/LCDBIAS3/AN6/RP6/RB6
PGED2/AN7/RP7/T1CK/RB7

AVpp

AVss

COM7/SEG31/AN8/RP8/RB8
COMG6/SEG30/AN9/RP9/RB9
TMS/COM5/SEG29/CVRrer/AN10/RPI44/RB10
TDO/AN11/RB11
TCK/SEG8/AN14/RP14/OCM1C/RB14
TDI/SEG9/AN15/RP29/0CM1D/RB15(3)
SEG10/RP10/SDA2/USBID/RF4
Vpus/SCL2/RF7

Notes:

1.

2.
3.
4

38
39
40
41
42
43
44
45
46
47
48

SEG22/RP22/SCK3/RD3
SEG23/RP25/SDI3/RD4
SEG24/RP20/SDO3/RD5
SEG25/C3INB/RP32/SS3/FSYNC3/RD6
SEG26/C3INA/RP33/RD7

Veap

Vss
COM4/SEG48/RP145/0CM1E/RF1
COMB3/REO

COM2/RE1

COM1/RE2

COMO/LVDIN/RE3

RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.

This pin may be toggled during programming.

These pins have an increased current drive strength.
Open-drain configuration does not apply to this pin.

© 2019-2021 Microchip Technology Inc.
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PIC24FJ512GU410 Family Data Sheet

Pin Diagrams (PIC24FJXXXGL406 Devices) (Continued)

64-Pin TQFP/QFN

TR oIe235883385

FrrrYerrrr>rXrrrrx e

03 B3 BBH8BIBIILBL
RE5 [ 1 48| ] RC14
RE6 [ ]2 47:|RC13
RE7|:3 46:|RDO
RG6 [ 4 45 ] RD11
RG7[]5 44 [ ] RD10
RG8 |6 43 ] RD9
MCLR[]7 42 ] RDS8
RGO |8 PIC24FJXXXGL406(1) 41 [ Vss

Vss |9 40 ] RC15(23)

Vvop [_| 10 39 ] RC12
RB5 [ 11 38| ] Vvop
RB4 |12 37 ] RG2
RB3 |13 36 ] RG3
RB2 [ 14 35 ] RF6
RB1[ |15 34 ] RF8
RBO |16 33 ] RF3

CTP2RINQIILEREIBS S

i

rxn:<>(<>(n:o:§$>>§§§én:n:

Notes:
1. Shaded pins are up to 5.5 Vp tolerant.
2. This pin may be toggled during programming.
3. This pin has an increased current drive strength.

Pinouts are subject to change.

Table 4. PIC24FJXXXGL406 Devices

=

LCDBIAS2/RP34/RE5 SEG12/RP16/RF3
2  LCDBIAS1/RP35/SCL3/RE6 34 SEG41/RP15/RF8
3 | LCDBIASO/RP36/SDA3/RE7 35  INTO/RF6
4  SEGO/C1IND/RP21/OCM1A/RG6 36 SEG47/SDA1/OCM1F/RG3
5 VL CAP1/C1INC/AC2INC/AC3INC/RP26/0CM1B/RG7 37 SEG28/SCL1/RG2
6  VLCcAP2/C2IND/RP19/0CM2A/RG8 38 VpD
7 MCLR 39  OSC1/CLKI/RC12
8 SEG1/C2INC/RP27/DACOUT/OCM2B/RGY 40 OSC2/CLKO/RC15(2:3)
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 9
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PIC24FJ512GU410 Family Data Sheet

........... continued

L N
9 Vss 41 |Vss

10 Vpp 42 SEG13/RP2/U6RTS/U6BCLK/RDS

11  PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/OCM3A/RB5 43  SEG14/RP4/RD9

12  PGED3/SEG3/AN4/C1INB/RP28/ASDA1/OCM3B/RB4 44 SEG15/C3IND/RP3/RD10

13 | SEGA4/AN3/C2INA/RB3 45  SEG16/C3INC/RP12/RD11

14  SEG5/AN2/C2INB/RP13/RB2 46 SEG17/RP11/U6CTS/RDO

15  PGEC1/SEG6/CVREF-/AN1/RP1/RB1 47 SOSCIRC13

16 PGED1/SEG7/VREF+/CVREF+DVREF+/ANO/RPO/RBO 48 SOSCO/SCLKI/RPI37/RC14

17  PGEC2/LCDBIAS3/AN6/RP6/RB6 49  SEG20/RP24/U5TX/RD1

18  PGED2/AN7/RP7/T1CK/UBTX/RB7 50 SEG21/RP23/RD2

19 AVpD 51  SEG22/RP22/SCK3/RD3

20 AVss 52 SEG23/RP25/SDI3/RD4

21  COM7/SEG31/AN8/RP8/RB8 53  SEG24/RP20/SDO3/RD5

22 COM6/SEG30/AN9/RP9/RB9 54 SEG25/C3INB/RP32/USRX/SS3/FSYNC3/RD6
23  TMS/COMS5/SEG29/CVREF/AN10/RPI44/RB10 55  SEG26/C3INA/RP33/USRTS/USBCLK/RD7
24 TDO/AN11/RB11 56  VCAP

25 Vss 57  RHO

26  VUSB3V3 58 SEG27/USCTS/RFO

27  TCK/SEG18/AN12/UBRX/RB12 59  COMA4/SEG48/RPI45/0CM1E/RF1

28 TDI/SEG19/AN13/RB13 60 COMB3/REO

29 SEG8/AN14/RP14/OCM1C/RB14 61 COM2/RE1

30 SEG9/AN15/RP29/0CM1D/RB15(3) 62 COM1/RE2

31  SEG10/RP10/SDA2/RF4 63 COMO/RE3

32 SEG11/RP17/SCL2/RF5 64 SEG63/LVDIN/RE4

Notes:

1. RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.
2. This pin may be toggled during programming.
3. These pins have an increased current drive strength.

© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 10
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Pin Diagrams (PIC24FJXXXGU406 Devices) (Continued)

64-Pin TQFP/QFN

T ON-~O-0O T NOWLTON—
LUuuwuwuwewowen T oOoOono0onono0non
Frrrffrfy S xx
03 BIc3BIJ/H8BIIIISIL
RE5 [ |1 48 ] RC14
RE6 I: 2 47 :l RC13
RE7 I: 3 46 :l RDO
RG6 [ 4 45| ] RDMM
RG7[]5 44 ] RD10
RG8 [ |6 43 ] RD9
MCLR (|7 42 ] RD8
RGY [ |8 PIC24FJXXXGU406(" 41 [ Vss
Vss []9 40 ] RC15(23)
vob [ 10 39 ] RC12
RB5 [ 11 38| ] Vbb
RB4 [ 12 37 ] RG2W
RB3 [ 13 36 [ ] RG3¥
RB2 [] 14 35 [ ] vuss3v3
RB1 [ 15 34 ] RF7
RBO |16 33 ] RF3
MO0 O O — AN M T IO O~ 0O O v« N
~ — N N AN N AN AN NN ANNOOM
5888305488038 70
m [Te}
REZcEEpp-Spppott
74

Notes:
1. Shaded pins are up to 5.5 Vp tolerant.

2. This pin may be toggled during programming.
3. This pin has an increased current drive strength.
4. Open-drain configuration does not apply to this pin.

Table 5. PIC24FJXXXGU406 Devices

1 LCDBIAS2/RP34/RE5

SEG12/RP16/USBID/RF3

2 LCDBIAS1/RP35/SCL3/RE6 34 Vgys/RF7
3 LCDBIASO/RP36/SDA3/RE7 35  Vuseava
4 | SEGO0/C1IND/RP21/0CM1A/RG6 36 D-/OCM1F/RG3™
5 Vi capt/C1INC/AC2INC/AC3INC/RP26/0OCM1B/RG7 37 D+RG2@
6 V| cap2/C2IND/RP19/0OCM2A/RG8 38 Vpp
7 MCLR 39 OSC1/CLKI/RC12
8 SEG1/C2INC/RP27/DACOUT/OCM2B/RGY 40 OSC2/CLKO/RC15(23)
9 Vs 41 Vgs
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 11
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PIC24FJ512GU410 Family Data Sheet

...continued

L

11
12

13
14
15
16

PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/OCM3A/RB5 43

PGED3/SEG3/AN4/C1INB/RP28/ASDA1/USBOEN/ 44
OCM3B/RB4

SEG4/AN3/C2INA/RB3 45
SEG5/AN2/C2INB/RP13/RB2 46
PGEC1/SEG6/CVrer-/AN1/RP1/RB1 47

PGED1/SEG7/Vrgr+/CVrer+/DVrer+/ANO/RPO/RBO 48

SEG13/RP2/U6RTS/U6BCLK/RD8
SEG14/RP4/SDA1/RD9
SEG15/C3IND/RP3/SCL1/RD10

SEG16/C3INC/RP12/RD11
SEG17/RP11/U6CTS/INTO/RDO
SOSCI/RC13
SOSCO/SCLKI/RPI37/RC14
SEG20/RP24/U5TX/RD1
SEG21/RP23/RD2
SEG22/RP22/SCK3/RD3
SEG23/RP25/SDI3/RD4
SEG24/RP20/SDO3/RD5

SEG25/C3INB/RP32/USRX/SS3/
FSYNC3/RD6

SEG26/C3INA/RP33/U5RTS/USBCLK/RD7

Veap
RHO

SEG27/U5CTS/RFO
COM4/SEG48/RP145/0CM1E/RF1
COMB3/REO

COM2/RE1

COM1/RE2

COMO/RE3

SEG63/LVDIN/RE4

17 | PGEC2/LCDBIAS3/AN6/RP6/RB6 49
18 PGED2/AN7/RP7/T1CK/UBTX/RB7 50
19 AVpp 51
20 AVss 52
21 | COM7/SEG31/AN8/RP8/RB8 53
22 COMG6/SEG30/AN9/RP9/RB9 54
23 | TMS/COMS5/SEG29/CVRger/AN10/RPI44/RB10 55
24 TDO/AN11/RB11 56
25 |Vsgs 57
26 Vpp 58
27 | TCK/SEG18/AN12/U6RX/RB12 59
28 TDI/SEG19/AN13/RB13 60
29 | SEG8/AN14/RP14/OCM1C/RB14 61
30 SEGY9/AN15/RP29/0CM1D/RB15(3) 62
31 | SEG10/RP10/SDA2/RF4 63
32 SEG11/RP17/SCL2/RF5 64
Notes:
1. RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.
2. This pin may be toggled during programming.
3. These pins have an increased current drive strength.
4. Open-drain configuration does not apply to this pin.
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PIC24FJ512GU410 Family Data Sheet

Pin Diagrams (PIC24FJXXXGL408 Devices) (Continued)

80-Pin TQFP

tT O N OO T co0 Trow TS 0o

LWWULOOLLT 000000000

CFYX XXX SAACCCXX XX

PR o

SBRRRERRIRRATIRIBE88IB B
RE5 [] 1 60 [] RC14
RE6 [] 2 59 [] RC13
RE7 [J3 58 [] RDO
RC1 [ 4 57 [ RD11
RC3 [ 5 56 [] RD10
RG6 [0 6 55 [] RD9
RG7 []7 54 [[] RD8
RGS8 [] 8 53 [] RA15
MCLR [ 9 52 [] RA14
RG9 [ 10 PIC24FJXXXGL408() 51 [] Vss

Vss [] 11 50 [] RC15(2:3)

Vop [] 12 49 [] RC12
RE8 [1 13 48 [] VDD
RE9 [ 14 47 [ RG2
RB5 [ 15 46 [[] RG3
RB4 [ 16 45 [] RF6
RB3 [ 17 44 [ RF7
RB2 [] 18 43 [] RF8
RB1 [ 19 42 [] RF2
RBO [] 20 41 [ RF3

SHQILERIRBSIIIIBEHIZR

o 1 e e e e O B o o o

852988%89:%8§9%235§E

tRrzizECpp-Sppzappes

4
Notes:

1.
2.
3.

Shaded pins are up to 5.5 Vp tolerant.
This pin may be toggled during programming.
This pin has an increased current drive strength.

Table 6. PIC24FJXXXGL408 Devices

1 | LCDBIAS2/RP34/RE5 SEG12/RP16/RF3

2 LCDBIAS1/RP35/SCL3/RE6 42 SEG40/RP30/RF2

3  LCDBIASO/RP36/SDA3/RE7 43 SEG41/RP15/RF8

4 SEG32/RPI38/0CM1D/RC1 44 RF7

5 SEG33/RPI140/0CM2D/RC3 45 INTO/RF6

6 SEGO0/C1IND/RP21/0CM1A/RG6 46 SEG47/SDA1/RG3

7 Vi cap1/C1INC/AC2INC/AC3INC/RP26/OCM1B/RG7 47 SEG28/SCL1/RG2

8 Vi cap2/C2IND/RP19/0CM2A/RGS 48 Vpp

9 MCLR 49 OSC1/CLKI/RC12

10 SEG1/C2INC/RP27/DACOUT/OCM2B/RG9 50 OSC2/CLKO/RC15(23)
Datasheet DS30010203D-page 13
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PIC24FJ512GU410 Family Data Sheet

...continued

11 |Vss 51 Vss

12  Vpp 52 SEG42/RPI50/RA14
13 | SEG34/RPI47/RE8 53 | SEG43/RPI49/RA15
14 SEG35/AN21/RPI48/RE9 54 SEG13/RP2/U6RTS/U6BCLK/RD8
15 | PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/OCM3A/RB5 | 55 SEG14/RP4/RD9
16 PGED3/SEG3/AN4/C1INB/RP28/ASDA1/OCM3B/RB4 56 SEG15/C3IND/RP3/RD10
17 | SEG4/AN3/C2INA/RB3 57 | SEG16/C3INC/RP12/RD11
18 SEG5/AN2/C2INB/RP13/RB2 58 SEG17/RP11/U6CTS/RDO
19 | PGEC1/SEG6/CVRrgr-/AN1/RP1/RB1 59 | SOSCI/RC13
20 PGED1/SEGT7/VRrggt/CVRer*/DVRer+/ANO/RPO/RBO 60 SOSCO/SCLKI/RPI37/RC14
21 PGEC2/LCDBIAS3/AN6/RP6/RB6 61  SEG20/RP24/U5TX/RD1
22 PGED2/AN7/RP7/T1CK/UBTX/RB7 62 SEG21/RP23/RD2
23 | SEG36/RA9 63 | SEG22/RP22/SCK3/RD3
24 SEG37/RA10 64 SEG44/RP142/OCM3E/RD12
25 AVpp 65 SEG45/0CM3F/RD13
26 AVss 66 SEG23/RP25/SDI3/RD4
27 | COM7/SEG31/AN8/RP8/RB8 67 | SEG24/RP20/SDO3/RD5
28 COMG6/SEG30/AN9/RP9/RB9 68 SEG25/C3INB/RP32/U5RX/SS3/FSYNC3/RD6
29 | TMS/COMS5/SEG29/CVRer/AN10/RPI44/RB10 69  SEG26/C3INA/RP33/USRTS/U5BCLK/RD7
30 TDO/AN11/RB11 70 Vcap
31 | Vss 71 |RHO
32  Vysgavs 72 SEG27/U5CTS/RF0
33 | TCK/SEG18/AN12/U6RX/RB12 73 | COM4/SEG48/RPI45/RF 1
34 TDI/SEG19/AN13/RB13 74 SEG46/RG1
35 | SEG8/AN14/RP14/OCM1C/RB14 75 | SEG50/RGO
36 SEGY9/AN15/RP29/RB15() 76 COMB3/REO
37 | SEG38/RPI43/RD14 77 | COM2/RE1
38 SEG39/RP5/RD15 78 COM1/RE2
39 | SEG10/RP10/SDA2/RF4 79 | COMO/RE3
40 SEG11/RP17/SCL2/RF5 80 SEG63/LVDIN/RE4
Notes:
1. RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.
2. This pin may be toggled during programming.
3. These pins have an increased current drive strength.

© 2019-2021 Microchip Technology Inc.

and its subsidiaries

Datasheet

DS30010203D-page 14



PIC24FJ512GU410 Family Data Sheet

Pin Diagrams (PIC24FJXXXGU408 Devices) (Continued)

80-Pin TQFP
q—mc\lx—oO‘—\—oo&r\@mq-ngN‘—
IR ETRONORT TSN alalalalalalalala)
CFECXCEXEACY SEXXCAXE XX
PR g
BRRRNRCRIRRIRBEELE88IBIS
RE5 [] 1 60 [] RC14
RE6 [] 2 59 [] RC13
RE7 [13 58 [[] RDO
RC1 [] 4 57 [] RD11
RC3 5 56 [] RD10
RG6 [ 6 55 [] RD9
RG7 [J 7 54 [] RD8
RG8 []8 53 [] RA15
MCLR [J 9 52 [ RA14
RGY [J 10 PIC24FJXXXGU408(1) 51[] Vss
Vss [] 11 50 [] RC15(2:3)
Vop [] 12 49 [] RC12
RES [] 13 48 [] VoD
RE9 [ 14 47 [] RG24
RB5 [J 15 46 [] RG3¥W
RB4 [1 16 45 [] VusB3v3
RB3 [ 17 44 [] RF7
RB2 [ 18 43 [ RF8
RB1 [] 19 42 [ RF2
RBO [] 20 41 [ RF3
SR JILER/EAIBBSSIIBEHESR
o e e e O
EhIS888382c 88823 T2
St R PR T L
4
Notes:

1. Shaded pins are up to 5.5 Vp tolerant.

2. This pin may be toggled during programming.

3. This pin has an increased current drive strength.

4. Open-drain configuration does not apply to this pin.

Table 7. PIC24FJXXXGU408 Device

1 | LCDBIAS2/RP34/RES

SEG12/RP16/USBID/RF3

2 LCDBIAS1/RP35/SCL3/RE6 42 SEG40/RP30/RF2
3 |LCDBIASO/RP36/SDA3/RE7 43 | SEG41/RP15/RF8
4 SEG32/RPI38/0CM1D/RC1 44 Vpgys/RF7
5 SEG33/RPI40/OCM2D/RC3 45 Vispavs
6 SEGO0/C1IND/RP21/OCM1A/RG6 46 D-/RG3@
7 | Vicap1/C1INC/AC2INC/AC3INC/RP26/OCM1B/RG7 47 D+/RG2@
8  V_.cap2/C2IND/RP19/OCM2A/RGS 48 Vpp
9 | MCLR 49 | OSC1/CLKI/RC12
10 SEG1/C2INC/RP27/DACOUT/OCM2B/RG9 50 OSC2/CLKO/RC15(2:3)
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 15
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...continued

oo o e |
11 | Vss 51 | Vsg

12 Vpp 52 SEG42/RPI50/SCL1/RA14
13 | SEG34/RPI47/RE8 53 | SEG43/RPI49/SDA1/RA15
14 SEG35/AN21/RPI48/RE9 54 SEG13/RP2/U6RTS/U6BCLK/RD8
15 | PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/OCM3A/RB5 55 | SEG14/RP4/RD9
16 PGED3/SEG3/AN4/C1INB/RP28/ASDA1/USBOEN/ 56 SEG15/C3IND/RP3/RD10
OCM3B/RB4
17 | SEG4/AN3/C2INA/RB3 57 | SEG16/C3INC/RP12/RD11
18 SEG5/AN2/C2INB/RP13/RB2 58 SEG17/RP11/U6CTS/INTO/RDO
19 PGEC1/SEG6/CVRrer-/AN1/RP1/RB1 59 | SOSCI/RC13
20 PGED1/SEG7/VRert/CVRregt/DVRrert/ANO/RPO/RBO 60 SOSCO/SCLKI/RPI37/RC14
21 | PGEC2/LCDBIAS3/AN6/RP6/RB6 61 | SEG20/RP24/U5TX/RD1
22 PGED2/AN7/RP7/T1CK/UBTX/RB7 62 SEG21/RP23/RD2
23 | SEG36/RA9 63 | SEG22/RP22/SCK3/RD3
24 SEG37/RA10 64 SEG44/RPI142/OCM3E/RD12
25 | AVpp 65 | SEG45/0CM3F/RD13
26 AVgs 66 SEG23/RP25/SDI3/RD4
27 | COM7/SEG31/AN8/RP8/RB8 67 | SEG24/RP20/SDO3/RD5
28 COM6/SEG30/AN9/RP9/RB9 68 SEG25/C3INB/RP32/U5RX/SS3/
FSYNC3/RD6
29 | TMS/COM5/SEG29/CVRger/AN10/RPI44/RB10 69 | SEG26/C3INA/RP33/USRTS/USBCLK/RD7
30 TDO/AN11/RB11 70 Vcap
31 | Vss 71 | RHO
32 Vpp 72 SEG27/U5CTS/RFO
33 | TCK/SEG18/AN12/U6RX/RB12 73 | COM4/SEG48/RPI45/RF1
34 TDI/SEG19/AN13/RB13 74 SEG46/RG1
35 | SEG8/AN14/RP14/OCM1C/RB14 75 | SEG50/RGO
36 SEGY9/AN15/RP29/RB15(%) 76 COM3/REO
37 | SEG38/RPI43/RD14 77 | COM2/RE1
38 SEG39/RP5/RD15 78 COM1/RE2
39 | SEG10/RP10/SDA2/RF4 79 | COMO/RE3
40 SEG11/RP17/SCL2/RF5 80 SEG63/LVDIN/RE4
Notes:
1. RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.
2. This pin may be toggled during programming.
3. These pins have an increased current drive strength.
4. Open-drain configuration does not apply to this pin.

© 2019-2021 Microchip Technology Inc.
and its subsidiaries

Datasheet

DS30010203D-page 16
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Pin Diagrams (PIC24FJXXXGL410 Devices) (Continued)

100-Pin TQFP
vmmﬁggvorxwo‘—\—oo%'\“’m"g“!""\“_
PR EERR e SRERRRRRERER
O 8238588338533 3588333532R_KE
Ro1SEE 1 75 []vss
voo [ 2 74 [ RC14
RE5 [ 3 73 []RC13
RE6 [ 4 72 [ RDO
RE7T[]5 71 [ RDM
RC1 [ 6 70 [ RD10
RC2 [ 7 69 1 RD9
RC3[] 8 68 [ RD8
RC4 [ 9 67 [ RA15
RG6 [ 10 66 [] RA14
RG7 [ 1 65 ] Vss
RG8 [_| 12 ( ) 64 ] RC15(23)
MCLR [ 13 1 63 ] RC12
S PIC24FJXXXXGL410 o
Vvss [_] 15 61 [ RAS
Voo [] 16 60 [ RA4
RAO [ 17 59 [ RA3
RE8 [] 18 58 [] RA2
RE9 [ 19 57 [ RG2
RB5 [] 20 56 [ RG3
RB4 [ 21 55 ] RF6
RB3 [ 22 54 [7] RF7
RB2 [] 23 53 [7] RF8
RB1 [ 24 52 [ RF2
RBO [ 25 51 [ RF3
WAL A AL AR
O N OO QA N WO «~ N O«-MONNMSTE O O W0 S v
Bee5Cc¥Epe 22LbapprothprE
o
Notes:

1. Shaded pins are up to 5.5 Vp tolerant.
2. This pin may be toggled during programming.
3. This pin has an increased current drive strength.

Table 8. PIC24FJXXXGL410 Devices

m T

1 SEG51/0CM1C/RG15 SEG12/RP16/RF3
2 Vpp 52 SEG40/RP30/RF2
3 |LCDBIAS2/RP34/RES 53 | SEG41/RP15/RF8
4 LCDBIAS1/RP35/SCL3/RE6 54 RF7
5 |LCDBIASO/RP36/SDA3/RE7 55 | INTO/RF6
6 SEG32/RPI38/0OCM1D/RC1 56 SEG47/SDA1/RG3
7 | SEG52/RPI39/0CM2C/RC2 57 SEG28/SCL1/RG2
8 SEG33/RPI40/0OCM2D/RC3 58 SEG56/SCL2/RA2
9 | SEG53/AN16/RP141/OCM3C/RC4 59 SEG57/SDA2/RA3
10 SEGO0/AN17/C1IND/RP21/OCM1A/RG6 60 TDI/RA4
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...continued

V| cap1/AN18/C1INC/AC2INC/AC3INC/RP26/ TDO/RA5

OCM1B/RG7
12 Vi cap2/AN19/C2IND/RP19/0CM2A/RG8 62 Vpp
13 | MCLR 63 | OSC1/CLKI/RC12
14 SEG1/AN20/C2INC/RP27/DACOUT/OCM2B/RG9 64 OSC2/CLKO/RC15(2:3)
15 | Vgs 65 | Vss
16  Vpp 66 SEG42/RPI50/RA14
17 | TMS/SEG49/0CM3D/RA0 67 | SEG43/RPI49/RA15
18 SEG34/RPI47/RES8 68 SEG13/RP2/U6RTS/U6BCLK/RD8
19 SEG35/AN21/RPI48/RE9 69 SEG14/RP4/RD9
20 PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/OCM3A/RB5 = 70 SEG15/C3IND/RP3/RD10
21 | PGED3/SEG3/AN4/C1INB/RP28/ASDA1/OCM3B/RB4 | 71 SEG16/C3INC/RP12/RD11
22 SEG4/AN3/C2INA/RB3 72 SEG17/RP11/U6CTS/RDO
23 | SEG5/AN2/C2INB/RP13/RB2 73 | SOSCI/RC13
24 PGEC1/SEG6/CVRgr-/AN1/RP1/RB1 74 SOSCO/SCLKI/RPI37/RC14
25 | PGED1/SEG7/VRgr+/CVRrert/DVRrer+/ANO/RPO/RBO 75 | Vsg
26 PGEC2/LCDBIAS3/AN6/RP6/RB6 76 SEG20/RP24/U5TX/RD1
27 | PGED2/AN7/RP7/T1CK/U6TX/RB7 77 | SEG21/RP23/RD2
28 SEG36/RA9 78 SEG22/RP22/SCK3/RD3
29 | SEG37/RA10 79 | SEG44/RPI42/0CM3E/RD12
30 AVpp 80 SEG45/0CM3F/RD13
31 | AVss 81 | SEG23/RP25/SDI3/RD4
32 COM7/SEG31/AN8/RP8/RB8 82 SEG24/RP20/SDO3/RD5
33 | COM6/SEG30/AN9/RP9/RB9 83 | SEG25/C3INB/RP32/U5RX/SS3/FSYNC3/RD6
34 COM5/SEG29/CVRrer/AN10/RPI44/RB10 84 SEG26/C3INA/RP33/USRTS/U5BCLK/RD7
35 | AN11/RB11 85 | Vcap
36 Vss 86 RHO
37 | Vyseava 87 | SEG27/U5CTS/RF0
38 TCK/RA1 88 COM4/SEG48/RPI45/RF1
39 | SEG54/RP31/RF13 89 SEG46/RG1
40 SEG55/RPI46/RF12 90 SEG50/RGO
41 | SEG18/AN12/UBRX/RB12 91 | SEG58/AN23/OCM1E/RA6
42 SEG19/AN13/RB13 92 SEG59/AN22/0CM1F/RA7
43 SEG8/AN14/RP14/RB14 93 | COM3/REO
44  SEGY9/AN15/RP29/RB150) 94 COM2/RE1
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........... continued

45 Vss 95

46 Vpp

47 SEG38/RPI43/RD14
48 SEG39/RP5/RD15

49 SEG10/RP10/RF4

50 SEG11/RP17/RF5

Notes:

96
97
98
99
100

SEG60/RG14
SEG61/0CM2E/RG12
SEG62/0CM2F/RG13
COM1/RE2
COMO/RE3
SEGG63/LVDIN/RE4

1. RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.

2. This pin may be toggled during programming.

3. These pins have an increased current drive strength.

© 2019-2021 Microchip Technology Inc.
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Pin Diagrams (PIC24FJXXXGU410 Devices) (Continued)

100-Pin TQFP
™ N < o ™ N
N0 onDxe8022s88835a0883
roevrrerrerererrrrrrrrr >Srrereroewowowow o
O 8285883238533 3858833J353_2R_KL
RG1S 1 75 [ 1Vss
Voo [ 2 74 ] RC14
RE5[]3 73 ] RC13
RE6 [ 4 72 |1 RDO
RE7[]5 71 [ RD11
RC1 [ 6 70 |1 RD10
RC2 [ 7 69 |1 RD9
RC3[] 8 68 [__] RD8
RC4 [ 9 67 [ RA15
RG6 [] 10 66 ] RA14
RG7 [ 11 65 [ 1 Vss
RG8 [] 12 64 ] RC15(23)
= PIC24FJXXXXGU410) =
RGO [] 14 62 ] Vop
Vss [] 15 61 [__] RA5
Voo [ 16 60 [ RA4
RAO [ 17 59 ] RA3
RE8 [] 18 58 |1 RA2
RE9 [] 19 57 ] RG24
RB5 [ 20 56 [] rRG3¥
RB4 [ 21 55 [ ] Vuss3v3
RB3 [] 22 54 ] RF7
RB2 ] 23 53 [I7] RF8
RB1 [ 24 52 [] RF2
RBO[] 25 51 [0 RF3
ERIXIBSESIBEE33LITILILLETLSR
I
rroegzzorpCooppRpprCooee
4
Notes

Shaded pins are up to 5.5 Vpc tolerant.

2. This pin may be toggled during programming.
3. This pin has an increased current drive strength.
4. Open-drain configuration does not apply to this pin.

Table 9. PIC24FJXXXGU410 Devices

SEG51/0CM1C/RG15 SEG12/RP16/USBID/RF3

2 Vpp 52 SEG40/RP30/RF2
3 LCDBIAS2/RP34/RE5 53 SEG41/RP15/RF8
4 LCDBIAS1/RP35/SCL3/RE6 54 | Vpgys/RF7

5 LCDBIASO/RP36/SDA3/RE7 55  Vysgava

6 SEG32/RPI38/0OCM1D/RCA1 56 D-/RG3@4

7 | SEG52/RPI39/0CM2C/RC2 57 | D+/RG2®)

8 SEG33/RPI40/OCM2D/RC3 58 SEG56/SCL2/RA2
9 | SEG53/AN16/RP141/OCM3C/RC4 59 | SEG57/SDA2/RA3
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...continued

SEGO0/AN17/C1IND/RP21/OCM1A/RG6 TDI/RA4
11 | Vi cap1/AN18/C1INC/AC2INC/AC3INC/RP26/ 61 | TDO/RAS5
OCM1B/RG7
12 Vi cap2/AN19/C2IND/RP19/0CM2A/RG8 62 Vpp
13 | MCLR 63 | OSC1/CLKI/RC12
14 SEG1/AN20/C2INC/RP27/DACOUT/OCM2B/RG9 64 OSC2/CLKO/RC15(2:3)
15 | Vgs 65 | Vss
16  Vpp 66 SEG42/RPI50/SCL1/RA14
17 | TMS/SEG49/0CM3D/RA0 67 SEG43/RPI49/SDA1/RA15
18 SEG34/RPI47/RE8 68 SEG13/RP2/U6RTS/U6BCLK/RD8
19 SEG35/AN21/RPI48/RE9 69 SEG14/RP4/RD9
20 PGEC3/SEG2/AN5/C1INA/RP18/ASCL1/OCM3A/RB5 @ 70 SEG15/C3IND/RP3/RD10
21 | PGED3/SEG3/AN4/C1INB/RP28/ASDA1/USBOEN/ 71 SEG16/C3INC/RP12/RD11
OCM3B/RB4
22 SEG4/AN3/C2INA/RB3 72 SEG17/RP11/U6CTS/INTO/RDO
23 | SEG5/AN2/C2INB/RP13/RB2 73 | SOSCI/RC13
24 PGEC1/SEG6/CVRer-/AN1/RP1/RB1 74 SOSCO/SCLKI/RPI37/RC14
25 | PGED1/SEG7/VRgr+/CVRrer+/DVRrer+/ANO/RPO/RBO 75 | Vss
26 PGEC2/LCDBIAS3/AN6/RP6/RB6 76 SEG20/RP24/U5TX/RD1
27 | PGED2/AN7/RP7/T1CK/U6TX/RB7 77 | SEG21/RP23/RD2
28 SEG36/RA9 78 SEG22/RP22/SCK3/RD3
29 | SEG37/RA10 79 SEG44/RP142/OCM3E/RD12
30 AVpp 80 SEG45/0CM3F/RD13
31 | AVss 81 SEG23/RP25/SDI3/RD4
32 COM7/SEG31/AN8/RP8/RB8 82 SEG24/RP20/SDO3/RD5
33 | COM6/SEG30/AN9/RP9/RB9 83 | SEG25/C3INB/RP32/U5RX/SS3/FSYNC3/RD6
34 COM5/SEG29/CVRrer/AN10/RPI44/RB10 84 SEG26/C3INA/RP33/USRTS/U5BCLK/RD7
35 | AN11/RB11 85 | Vcap
36 Vss 86 RHO
37 |Vpp 87 | SEG27/U5CTS/RFO
38 TCK/RA1 88 COM4/SEG48/RPI45/RF1
39 | SEG54/RP31/RF13 89 | SEG46/RG1
40 SEG55/RPI46/RF12 90 SEG50/RG0O
41  SEG18/AN12/U6RX/RB12 91 | SEG58/AN23/OCM1E/RA6
42 SEG19/AN13/RB13 92 SEG59/AN22/0OCM1F/RA7
43 SEG8/AN14/RP14/RB14 93 | COM3/REO
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.continued

SEG9/AN15/RP29/RB150)
45 Vgs 95
46 Vpp 96
47 | SEG38/RPI43/RD14 97
48 SEG39/RP5/RD15 98
49 SEG10/RP10/RF4 99
50 SEG11/RP17/RF5 100
Notes:

1.

COM2/RE1
SEG60/RG14
SEG61/0OCM2E/RG12
SEG62/0CM2F/RG13
COM1/RE2
COMO/RE3
SEGG63/LVDIN/RE4

RPn and RPIn represent remappable pins for Peripheral Pin Select (PPS) functions.

2. This pin may be toggled during programming.
3. These pins have an increased current drive strength.
4. Open-drain configuration does not apply to this pin.
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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. 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 Website at:
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.,
DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended work arounds,
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 Website: 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 website at www.microchip.com/ to receive the most current information on all of our products.
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Device Overview

Device Overview

This document contains device-specific information for the following devices:

PIC24FJ512GU410
PIC24FJ512GU408
PIC24FJ512GU406
PIC24FJ512GU405
PIC24FJ256GU410
PIC24FJ256GU408
PIC24FJ256GU406
PIC24FJ256GU405
PIC24FJ128GU410
PIC24FJ128GU408

PIC24FJ512GL410
PIC24FJ512GL408
PIC24FJ512GL406
PIC24FJ512GL405
PIC24FJ256GL410
PIC24FJ256GL408
PIC24FJ256GL406
PIC24FJ256GL405
PIC24FJ128GL410
PIC24FJ128GL408

+ PIC24FJ128GU406 + PIC24FJ128GL406
+ PIC24FJ128GU405 + PIC24FJ128GL405

The PIC24FJ512GU410 family introduces eXtreme Low-Power Microcontrollers with USB in smaller package sizes.
This is a 16-bit microcontroller family with a broad peripheral feature set and enhanced computational performance.
This family also offers a new migration option for those high-performance applications which may be outgrowing their
8-bit platforms, but do not require the numerical processing power of a Digital Signal Processor (DSP).

Table 1-1 lists the functions of the various pins shown in the pinout diagrams.

Core Features

16-Bit Architecture

Central to all PIC24F devices is the 16-bit modified Harvard architecture, first introduced with Microchip’s dsPIC®
Digital Signal Controllers (DSCs). The PIC24F CPU core offers a wide range of enhancements, such as:

* 16-bit data and 24-bit address paths with the ability to move information between program and data memory
spaces

» Linear addressing of up to 12 Mbytes (program space) and 32 Kbytes (data)

* A 16-element Working register array with built-in software stack support

* A 17 x 17 hardware multiplier with support for integer math

» Hardware support for 32 by 16-bit division

* Aninstruction set that supports multiple addressing modes and is optimized for high-level languages,
such as ‘C’

» Operational performance up to 16 MIPS

Power-Saving Technology

The PIC24FJ512GU410 family of devices includes low-voltage Sleep, a low-power mode with essential circuits being
powered from a separate low-voltage regulator. This low-power mode also supports the continuous operation of the
low-power, on-chip Real-Time Clock/Calendar (RTCC), making it possible for an application to keep time while the
device is otherwise asleep.
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Aside from this feature, PIC24FJ512GU410 family devices also include all of the legacy power-saving features of
previous PIC24F microcontrollers, such as:

» On-the-Fly Clock Switching, allowing the selection of a lower power clock during run time
» Doze Mode Operation, for maintaining peripheral clock speed while slowing the CPU clock
» Instruction-Based Power-Saving Modes, for quick invocation of the Idle and Sleep modes

Oscillator Options and Features

All of the devices in the PIC24FJ512GU410 family offer six different oscillator options, allowing users a range of
choices in developing application hardware. These include:

» Two Crystal modes

» External Clock (EC) mode

» A Phase-Locked Loop (PLL) frequency multiplier, which allows processor speeds up to 32 MHz

* Aninternal Fast RC Oscillator (FRC), a nominal 8 MHz output with multiple frequency divider options

* A separate internal Low-Power RC (LPRC) Oscillator, 32 kHz nominal for low-power,
timing-insensitive applications

The internal oscillator block also provides a stable reference source for the Fail-Safe Clock Monitor (FSCM). 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.

Easy Migration

Regardless of the memory size, all devices share the same rich set of peripherals, allowing for a smooth migration
path as applications grow and evolve. The consistent pinout scheme used throughout the entire family also aids in
migrating from one device to the next larger device.

DMA Controller

PIC24FJ512GU410 family devices have a Direct Memory Access (DMA) Controller. This module acts in concert
with the CPU, allowing data to move between data memory and peripherals without the intervention of the CPU,
increasing data throughput and decreasing execution time overhead. Six independently programmable channels
make it possible to service multiple peripherals at virtually the same time, with each channel peripheral performing a
different operation. Many types of data transfer operations are supported.

LCD Controller

The versatile on-chip LCD Controller includes many features that make the integration of displays in low-power
applications easier. These include an integrated voltage regulator with charge pump and an integrated internal
resistor ladder that allows contrast control in software, and display operation above the device Vpp.

Core-Independent Automatic Display Features:

» Dual display memory

» Blink mode of individual pixels or all pixels

» Blank of individual pixels or all pixels

» Timing schedule can be changed without core intervention, based on user configurations

USB On-The-Go (OTG)

The PIC24FJ512GU410 family of devices has USB On-The-Go functionality. This module provides on-chip
functionality as a target device compatible with the USB 2.0 standard, as well as limited stand-alone functionality

as a USB embedded host. By implementing USB Host Negotiation Protocol (HNP), the module can also dynamically
switch between device and host operation, allowing for a much wider range of versatile USB-enabled applications on
a microcontroller platform. In addition to USB host functionality, the PIC24FJ512GU410 family devices provide a true
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single chip USB solution, including an on-chip transceiver and voltage regulator, and a voltage boost generator for
sourcing bus power during host operations.

Other Special Features

» Peripheral Pin Select: The Peripheral Pin Select (PPS) feature allows most digital peripherals to be mapped
over a fixed set of digital I/O pins. Users may independently map the input and/or output of any one of the many
digital peripherals to any one of the 1/O pins.

» Configurable Logic Cell: The Configurable Logic Cell (CLC) module allows the user to specify combinations of
signals as inputs to a logic function and to use the logic output to control other peripherals or 1/O pins.

» Timing Modules: The PIC24FJ512GU410 family provides three independent, general purpose, 16-bit timers
(two of which can be combined into two 32-bit timer). The devices also include five multiple output advanced
Capture/Compare/PWM/Timer peripherals.

» Communications: The PIC24FJ512GU410 family incorporates a range of serial communication peripherals to
handle a range of application requirements. There are two independent 12C modules that support both Master
and Slave modes of operation. Devices also have, through the PPS feature, two independent UARTSs with
built-in IrDA® encoders/decoders and two SPI modules.

* Analog Features: All members of the PIC24FJ512GU410 family include a 12-bit A/D Converter (ADC) module
and a triple comparator module. The A/D module incorporates a range of new features that allow the converter
to assess and make decisions on incoming data, reducing CPU overhead for routine A/D conversions. The
comparator module includes three analog comparators that are configurable for a wide range of operations.

* Real-Time Clock and Calendar (RTCC): 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.

* Deadman Timer (DMT): This module is provided to interrupt the processor in the event of a software
malfunction.

Available Features

Devices in the PIC24FJ512GU410 family are available in 48-pin, 64-pin, 80-pin and 100-pin packages. The general
block diagram for all devices is shown in Figure 1-1.

A list of the pin features available on the PIC24FJ512GU410 family devices, sorted by function, is shown in Table 1-1.
Pin feature information is provided in the pinout diagrams in the beginning of this data sheet. Multiplexed features are
sorted by the priority given to a feature, with the highest priority peripheral being listed first.
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Figure 1-1. PIC24FJ512GU410 Family General Block Diagram

Interrupt 4 Data Bus
Controller A
PORTA(
16 *
e} 16 16 (12 1/Os)
EDS and Data Latch
Table Data DMA PORTB™M
Access Control PCH PCL Data RAM « * +
23 C C : Controller (16 1/Os)
Sroglzam c;m er Address
tac epeat Latch
Control Control A
Logic Logic porTc")
23 1° *
16 16 (8 1/0s)
Address Latch Read AGU
Write AGU PORTD(")
Program Memory/ +
Extended Data (16 1/Os)
Space
Data Latch
PORTE™M
Address Bus EA MUX '
A A (10 1/Os)
A b
Literal PORTF(")
Data *
nst Register — (11 1/0s)
L Y D ?MQ (1)
: Instruction ala bus ' PORTG
Control Signals | Decode and 12 /O
<« Control ( s)
OSCO/CLKO *
OSCI/CLKI — vV Vv 16| poRTHM
Xp Timi Power-up SDIVIden <> +
iming e uppol
Generation > Timer 16x16 — # (11/0)
- 17x17 | & W Reg Array
Oscillator Multiplier [
REFO FRC/LPRC Start-up Timer
|Z<— Oscillators
Power-on
Reset
garﬁgl%t;r;) B Watchdog 16-Bit ALU
Reference Timer 16
HLVD &
Voltage I 2
Regulators BOR® >
VcAP VoD, Vss MCLR
MCCP Timer 12-Bit
Timer1 RTCC () -4
13848 imer 2338 4/5 AD Comparators! CLC1-4
T f - ¥+ ¥ F 3
DMT locs! 18_5('3) 12C1-3 U1A§3T, LCD DAC use¥
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 33

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet

Device Overview

Notes:

1. Not all I/O pins or features are implemented on all device pinout configurations. See pinout diagrams and
tables for specific implementations by pin count.

2. BOR functionality is provided when the on-board voltage regulator is enabled.
3. Some peripheral I/Os are only accessible through remappable pins.
4. USB is available on PIC24FJXXXGUXXX devices only.

Table 1-1. PIC24FJ512GU410 Family Pinout Description

ANO-AN23 Analog A/D Analog Inputs

AVpp P — No Positive Supply for Analog Modules

AVgs P — No ' Ground Reference for Analog Modules

C1INA-C1IND | Analog No Comparator 1 Input A through D

C10UT (0] DIG Yes Comparator 1 Output

C2INA-C2IND | Analog No | Comparator 2 Input A through D

C20UT O DIG Yes | Comparator 2 Output

AC2INC | Analog No | Alternate Comparator 2 Input C

C3INA-C3IND | Analog No | Comparator 3 Input A through D

C30UT (0] DIG Yes A Comparator 3 Output

AC3INC | Analog No  Alternate Comparator 3 Input C

CLKI — — No | Primary Oscillator Clock Input (EC)

CLKO (0] DIG No @ System Clock Output

COMO0-COM7 (@) Analog No LCD Driver Common Outputs

LCDBIASO-LCDBIAS3 (0] Analog No Bias Inputs for LCD Driver Charge Pump

Vicap1 (0] Analog No LCD Drive Charge Pump Capacitor Input 1

Vi cap2 (0] Analog No LCD Drive Charge Pump Capacitor Input 2

SEGO0-SEG63 O Analog No LCD Driver Segment Outputs

CVRer (0] Analog No Comparator Voltage Reference Output

CVRert | Analog No Comparator Voltage Reference (high) Input

CVREr- | Analog No Comparator Voltage Reference (low) Input

INTO | ST No | External Interrupt Input O

INT1-INT4 | ST Yes External Interrupt Inputs 1 through 4

LVDIN | Analog No ' Low-Voltage Detect Input

MCLR I ST No Master Clear (device Reset) Input, this line is brought
low to cause a Reset
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........... continued

ICM1-ICM8 MCCP Capture Inputs 1 through 8
TCKIA-TCKIB | ST Yes  MCCP Timer Clock Inputs
OCFA-OCFB | ST Yes A MCCP Fault Inputs A through B
OCM1A-OCM1F 0] DIG No | MCCP1 Outputs A through F
OCM2A-OCM2F (0] DIG No MCCP2 Outputs A through F
OCM3A-OCM3F (0] DIG No MCCP3 Outputs A through F
OCM4A-OCM4B (0] DIG Yes  MCCP4 Outputs A through B
OCM5A-OCM5B (0] DIG Yes MCCP5 Outputs A through B
OCMB6A-OCM6B (0] DIG Yes A MCCP6 Outputs A through B
OCM7A-OCM7B (0] DIG Yes  MCCP7 Outputs A through B
OCMB8A-OCM7B (0] DIG Yes MCCPS8 Outputs A through B
CLCINA-CLCIND I ST Yes CLC Inputs A through D
CLC10UT-CLC40UT O DIG Yes CLC Outputs 1 through 4
DACOUT (0] Analog No DAC1 Output
0OSsC1 | Analog No Primary Oscillator Crystal Connection Input
0SC2 (0] Analog No ' Primary Oscillator Crystal Connection Output
SOSCI | Analog No | Secondary Oscillator Crystal Connection Input
SOSCO (0] Analog No | Secondary Oscillator Crystal Connection Output
CLKI | ST No ' Primary Oscillator Input (EC)
CLKO O DIG CPU Clock Output
PGECA1 I ST No | ICSP™ Programming Clock 1
PGED1 I/0 DIG/ST No ICSP Programming Data 1
PGEC2 | ST No | ICSP Programming Clock 2
PGED2 I/0 DIG/ST No | ICSP Programming Data 2
PGEC3 | ST No ICSP Programming Clock 3
PGED3 I/O DIG/ST No ' ICSP Programming Data 3
PWRLCLK | ST No Real-Time Clock 50/60 Hz Clock Input
TMPRN I ST Yes Tamper Detect
PWRGT O DIG Yes RTCC Power Control
RTCC O DIG Yes RTCC Clock Output
REFO (0] DIG Yes Reference Clock Output
REFI | ST Yes Reference Clock Input
RA0-7, RA9-10, RA14-15 I/O DIG/ST No | PORTA Digital I/0s
RBO0-15 I/O DIG/ST No PORTB Digital I/Os
RC1-4, RC12-15 I/0 DIG/ST No | PORTC Digital I/Os
RDO0-15 I/0 DIG/ST No ' PORTD Digital I/Os
RE0-9 I/0 DIG/ST No A PORTE Digital I/Os
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RFO0-5, RF7-8, RF12-13 DIG/ST PORTF Digital 1/0s
RGO0-3, RG6-9, RG12-15 I/0 DIG/ST No PORTG Digital I/0s
RHO I/0 DIG/ST No  PORTH Digital I/O
RP0-RP36 I/0 DIG/ST Yes Remappable Peripherals (input or output)
RPI37-RPI50 | ST Yes A Remappable Peripherals (input only)
SCK1 I/O ST Yes Synchronous Serial Clock Input/Output for SPI1
SDI1 | ST Yes SPI1 Data In
SDO1 0] DIG Yes SPI1 Data Out
SS1 I/0 ST Yes SPI1 Slave Synchronization or Frame Pulse 1/0
SCK2 I/0 ST Yes | Synchronous Serial Clock Input/Output for SPI2
SDI2 | ST Yes SPI2 Data In
SDO2 O DIG Yes | SPI2 Data Out
SS2 I/0 ST Yes ' SPI2 Slave Synchronization or Frame Pulse 1/0
SCK3 I/O ST No Synchronous Serial Clock Input/Output for SPI3
SDI3 I ST No SPI3 Data In
SDO3 O DIG No SPI3 Data Out
SS3 I/0 ST No SPI3 Slave Synchronization or Frame Pulse 1/O
SCK4 I/O ST Yes ' Synchronous Serial Clock Input/Output for SPI4
SDI4 | ST Yes | SPI4 Data In
SDO4 (0] DIG Yes  SPI4 Data Out
SS4 I/O ST Yes SPIl4 Slave Synchronization or Frame Pulse /O
SCL1 I/O DIG/I2C/SMB ' No | 12C1 Synchronous Serial Clock Input/Output
SDA1 I/O DIG/I2C/SMB = No | 12C1 Data Input/Output
ASCLA1 I/0 DIG/I2C/SMB No Alternate 12C1 Synchronous Serial Clock Input/Output
ASDA1 I/0 DIG/I2C/SMB ' No Alternate I12C1 Data Input/Output
SCL2 I/O DIG/I2C/SMB | No | 12C2 Synchronous Serial Clock Input/Output
SDA2 I/0 DIG/I2C/SMB | No |12C2 Data Input/Output
SCL3 I/0 DIG/I2C/SMB ' No 12C3 Synchronous Serial Clock Input/Output
SDA3 I/0 DIG/I2C/SMB ' No 12C3 Data Input/Output
U1CTS I ST Yes | UART1 Clear-to-Send
UTRTS (0] DIG Yes UART1 Request-to-Send
U1RX | ST Yes UART1 Receive
U1TX (0] DIG Yes | UART1 Transmit
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U2CTS UART2 Clear-to-Send
U2RTS (0] DIG Yes UART2 Request-to-Send
U2RX | ST Yes UART2 Receive
u2TX (0] DIG Yes UART2 Transmit
U3CTS I ST Yes | UART3 Clear-to-Send
U3RTS 0 DIG Yes UART3 Request-to-Send
U3RX | ST Yes UART3 Receive
U3TX (0] DIG Yes  UART3 Transmit
U4CTS I ST Yes UART4 Clear-to-Send
U4RTS (0] DIG Yes UART4 Request-to-Send
U4RX | ST Yes UART4 Receive
U4TX (0] DIG Yes UART4 Transmit
U5CTS I ST No | UARTS5 Clear-to-Send
U5RTS 0 DIG No | UART5 Request-to-Send
USRX | ST No UARTS Receive
U5TX (0] DIG No | UART5 Transmit
UBCTS | ST No UART6 Clear-to-Send
UBRTS (0] DIG No UART6 Request-to-Send
UBRX I ST No UART6 Receive
UBTX O DIG No UART6 Transmit
SCLKI | ST No | Secondary Oscillator Clock Input
T1CK | ST No Timer1 Clock
T2CK-T5CK | ST Yes Timer2 through Timer5 Clock
TxCK | ST Yes Generic Timerx External Clock
TCK | ST No ' JTAG Test Clock/Programming Clock Input
TDI | ST No JTAG Test Data/Programming Data Input
TDO (0] DIG No | JTAG Test Data Output
TMS | ST No | JTAG Test Mode Select Input
Veap P — No External Filter Capacitor Connection (regulator enabled)
Vpp P — No | Positive Supply for Peripheral Digital Logic and I/0 Pins
VRep+ | Analog No Comparator and A/D Reference Voltage (high) Input
Vss P — No ' Ground Reference for Peripheral Digital Logic and I/O
Pins
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USB Signaling High

D- I/0 — USB Signaling Low

USBOEN I DIG USB Output Enable (active-low)
Vsus | Analog Vysg Supply Detect

Vuseava P — 3.3V Vuyss

USBID | ST USB OTG ID Input

Legend: DIG = Digital levels output, ST = Schmitt Trigger input buffer, 12C = [2C/SMBus input buffer, Analog =
Analog level input/output
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2. Guidelines for Getting Started with 16-Bit MCUs

21 Basic Connection Requirements

Getting started with the PIC24FJ512GU410 family of 16-bit microcontrollers requires attention to a minimal set of
device pin connections before proceeding with development.

The following pins must always be connected:

* All Vpp, Vyspavs and Vgg pins (see 2.2 Power Supply Pins)

« All AVpp and AVgss pins, regardless of whether or not the analog device features are used
(see 2.2 Power Supply Pins)

* MCLR pin (see 2.3 Master Clear (MCLR) Pin)

* Veap pin
(see 2.4 Voltage Regulator Pin (VCAP))

These pins must also be connected if they are being used in the end application:

+  PGECx/PGEDXx pins used for In-Circuit Serial Programming™ (ICSP™) and debugging purposes (see 2.5 ICSP
Pins)

* 0OSC1 and OSC2 pins when an external oscillator is used (see 2.6 External Oscillator Pins)
Additionally, the following pins may be required:
* Vgert pin used when external voltage reference for analog modules is implemented

Note: The AVpp and AVgg pins must always be connected, regardless of whether any of the analog modules are
being used.

The minimum mandatory connections are shown in Figure 2-1.

Figure 2-1. Recommended Minimum Connections

c1 c2@)
K 8 ¢
> > > >

R1
R2
MCLR VCAP 1
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T Vss VUusB3v3 T
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=
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Key (all values are recommendations):

C1 through C7: 0.1 pF, 20V ceramic

C8: 10 uF, 6.3V or greater, tantalum or ceramic
R1: 10 kQ

R2: 100Q to 470Q
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Notes:
1. See 2.4 Voltage Regulator Pin (VCAP) for an explanation of voltage regulator pin connections.

2. The example shown is for a PIC24F device with five Vpp/Vss, Vuseava/Vss and AVpp/AVss pin pairs. Other
devices may have more or less pairs; adjust the number of decoupling capacitors appropriately.

3. These pins have an increased current drive strength.

Power Supply Pins

Decoupling Capacitors
The use of decoupling capacitors on every power supply pin, such as Vpp, Vysgsvs and AVpp, is required.

Consider the following criteria when using decoupling capacitors:

» Value and type of capacitor: 0.1 yF (100 nF), 25V-50V capacitor is recommended. The capacitor should be a
low-ESR device with a self-resonance frequency in the range of 200 MHz and higher. Ceramic capacitors are
recommended.

» Placement on the Printed Circuit Board: The decoupling capacitors should be placed as close to the pins as
possible. It is recommended to place the capacitors on the same side of the board as the device. If space is
constricted, the capacitor can be placed on another layer on the PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is experiencing high-frequency noise (upward of tens of MHz),
add a second ceramic-type capacitor in parallel to the above described decoupling capacitor. The value of the
second capacitor can be in the range of 0.01 pF to 0.001 pF. Place this second capacitor next to each primary
decoupling capacitor. In high-speed circuit designs, consider implementing a decade pair of capacitances as
close to the power and ground pins as possible (e.g., 0.1 yF in parallel with 0.001 pF).

* Maximizing performance: On the board layout from the power supply circuit, run the power and return traces to
the decoupling capacitors first, and then to the device pins. This ensures that the decoupling capacitors are first
in the power chain. Equally important is to keep the trace length between the capacitor and the power pins to a
minimum, thereby reducing PCB trace
inductance.

Bulk Capacitors

On boards with power traces running longer than six inches in length, it is suggested to use a bulk capacitance

of 10 yF or greater located near the MCU. The value of the capacitor should be determined based on the trace
resistance that connects the power supply source to the device and the maximum current drawn by the device in the
application. Typical values range from 10 yF to 47 pF.

Master Clear (MCLR) Pin

The MCLR pin provides two specific device functions: device Reset, and device programming and debugging. If
programming and debugging are not required in the end application, a direct connection to Vpp may be all that
is required. The addition of other components to help increase the application’s resistance to spurious Resets
from voltage sags may be beneficial. A typical configuration is shown in Figure 2-1. Other circuit designs may be
implemented depending on the application’s requirements.

During programming and debugging, the resistance and capacitance that can be added to the pin must be
considered. Device programmers and debuggers drive the MCLR pin. Consequently, specific voltage levels (V|4
and V). ) and fast signal transitions must not be adversely affected. Therefore, specific values of R1 and C1 will need
to be adjusted based on the application and PCB requirements. For example, it is recommended that the capacitor,
C1, be isolated from the MCLR pin during programming and debugging operations by using a jumper (Figure 2-2).
The jumper is replaced for normal run-time operations.

Any components associated with the MCLR pin should be placed within 0.25 inch (6 mm) of the pin.
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Figure 2-2. Example of MCLR Pin Connections
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Notes:
1. R1=10kQ is recommended. A suggested starting value is 10 kQ. Ensure that the MCLR pin V| and V.
specifications are met.
2. R2<470Q will limit any current flowing into MCLR from the external capacitor, C, in the event of a MCLR pin
breakdown, due to Electrostatic Discharge (ESD) or Electrical Overstress (EOS). Ensure that the MCLR pin
Viy and V| specifications are met.

Voltage Regulator Pin (Vcap)

A low-ESR (< 5Q) capacitor is required on the Vcap pin to stabilize the voltage regulator output voltage. The Veap pin
must not be connected to Vpp and must use a capacitor of 10 yF connected to ground. The type can be ceramic or
tantalum. Suitable examples of capacitors are shown in Table 2-1. Capacitors with equivalent specifications can be
used.

Designers may use Figure 2-3 to evaluate the ESR equivalence of candidate devices.

The placement of this capacitor should be close to Vcap. It is recommended that the trace length not exceed
0.25 inch (6 mm). Refer to 32. Electrical Characteristics for additional information.

Figure 2-3. Frequency vs. ESR Performance for Suggested V¢cap
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Note: Typical data measurement at +25°C, OV DC bias.
Table 2-1. Suitable Capacitor Equivalent (0805 Case Size)

TDK Corporation C2012X5R1E106K085AC 10 pF +10%
TDK Corporation C2012X5R1C106K085AC 10 uF +10% 16V
KEMET C0805C106M4PACTU 10 uF +10% 16V
Murata Electronics® GRM21BR61E106KA3L 10 uF +10% 25V
Murata Electronics GRM21BR61C106KE15 10 pF +10% 16V
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Considerations for Ceramic Capacitors

In recent years, large value, low-voltage, surface-mount ceramic capacitors have become very cost-effective in sizes
up to a few tens of microfarad. The low-ESR, small physical size and other properties make ceramic capacitors very
attractive in many types of applications.

Ceramic capacitors are suitable for use with the internal voltage regulator of this microcontroller. However, some care
is needed in selecting the capacitor to ensure that it maintains sufficient capacitance over the intended operating
range of the application.

Typical low-cost, 10 yF ceramic capacitors are available in X5R, X7R and Y5V dielectric ratings (other types are also
available, but are less common). The initial tolerance specifications for these types of capacitors are often specified
as +10% to +20% (X5R and X7R) or -20%/+80% (Y5V). However, the effective capacitance that these capacitors
provide in an application circuit will also vary based on additional factors, such as the applied DC bias voltage and
the temperature. The total in-circuit tolerance is, therefore, much wider than the initial tolerance specification.

The X5R and X7R capacitors typically exhibit satisfactory temperature stability (ex: £15% over a wide temperature
range, but consult the manufacturer’s data sheets for exact specifications). However, Y5V capacitors typically have
extreme temperature tolerance specifications of +22%/-82%. Due to the extreme temperature tolerance, a 10 yF
nominal rated Y5V type capacitor may not deliver enough total capacitance to meet minimum internal voltage
regulator stability and transient response requirements. Therefore, Y5V capacitors are not recommended for use with
the internal regulator if the application must operate over a wide temperature range.

In addition to temperature tolerance, the effective capacitance of large value ceramic capacitors can vary
substantially, based on the amount of DC voltage applied to the capacitor. This effect can be very significant, but
is often overlooked or is not always documented.

A typical DC bias voltage vs. capacitance graph for X7R type capacitors is shown in Figure 2-4.

Figure 2-4. DC Bias Voltage vs. Capacitance Characteristics
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DC Bias Voltage (VDC)
When selecting a ceramic capacitor to be used with the internal voltage regulator, it is suggested to select a
high-voltage rating so that the operating voltage is a small percentage of the maximum rated capacitor voltage. For
example, choose a ceramic capacitor rated at a minimum of 16V for the 1.8V core voltage. Suggested capacitors are
shown in Table 2-1.

ICSP Pins

The PGECx and PGEDXx pins are used for In-Circuit Serial Programming™ (ICSP™) and debugging purposes. It is
recommended to keep the trace length between the ICSP connector and the ICSP pins on the device as short as
possible. If the ICSP connector is expected to experience an ESD event, a series resistor is recommended, with the
value in the range of a few tens of ohms, not to exceed 100Q.

Pull-up resistors, series diodes and capacitors on the PGECx and PGEDx pins are not recommended as they
will interfere with the programmer/debugger communications to the device. If such discrete components are an
application requirement, they should be removed from the circuit during programming and debugging.

For device emulation, ensure that the “Communication Channel Select” pins (i.e., PGECx/PGEDx) programmed into
the device match the physical connections for the ICSP to the Microchip debugger/emulator tool.

For more information on available Microchip development tool connection requirements, refer to 30. Development
Support.
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External Oscillator Pins

Many microcontrollers have options for at least two oscillators: a high-frequency Primary Oscillator and a low-
frequency Secondary Oscillator (refer to 9. Oscillator Configuration for details).

The oscillator circuit should be placed on the same side of the board as the device. Place the oscillator circuit close to
the respective oscillator pins with no more than 0.5 inch (12 mm) between the circuit components and the pins. The
load capacitors should be placed next to the oscillator itself, on the same side of the board.

Use a grounded copper pour around the oscillator circuit to isolate it from surrounding circuits. The grounded copper
pour should be routed directly to the MCU ground. Do not run any signal traces or power traces inside the ground
pour. Also, if using a two-sided board, avoid any traces on the other side of the board where the crystal is placed.

Layout suggestions are shown in Figure 2-5. In-line packages may be handled with a single-sided layout that
completely encompasses the oscillator pins. With fine-pitch packages, it is not always possible to completely
surround the pins and components. A suitable solution is to tie the broken guard sections to a mirrored ground
layer. In all cases, the guard trace(s) must be returned to ground.

In planning the application’s routing and I/O assignments, ensure that adjacent port pins, and other signals in close
proximity to the oscillator, are benign (i.e., free of high frequencies, short rise and fall times and other similar noise).

For additional information and design guidance on oscillator circuits, please refer to these Microchip Application
Notes, available at the corporate website (www.microchip.com):

+  AN943, “Practical PICmicro® Oscillator Analysis and Design”

*  AN949, “Making Your Oscillator Work”

* AN1798, “Crystal Selection for Low-Power
Secondary Oscillator”

Figure 2-5. Suggested Placement of the Oscillator Circuit

Single-Sided and In-Line Layouts: Fine-Pitch (Dual-Sided) Layouts:
Top Layer Copper Pour
Copper Pour Primary Oscillator (tied to ground)
(tied to ground) Crystal

DEVICE PINS Bottom Layer

Copper Pour — g
(tied to ground)

X

=
=Y

Primar OSCO
Oscillatgr oscl
0SCco c2

Oscillator

GND GND Crystal

S0SCo ¢

SOSC | OsClI

Secondary
Oscillator

X

X
Crystal
X
X
Cc2

Sec Oscillator: C1 Sec Oscillator:

DEVICE PINS

Unused I/Os

Unused I/O pins should be configured as outputs and driven to a logic low state. Alternatively, connect a 1 kQ to
10 kQ resistor to Vgg on unused pins.
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Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to be a
comprehensive reference source. For more information on the CPU, refer to “CPU with Extended Data Space
(EDS)” (www.microchip.com/DS39732) in the“dsPIC33/PIC24 Family Reference Manual”. The information in this
data sheet supersedes the information in the FRM.

The PIC24F CPU has a 16-bit (data) modified Harvard architecture with an enhanced instruction set and a 24-bit
instruction word with a variable length opcode field. The Program Counter (PC) is 23 bits wide and addresses up

to 4M instructions of user program memory space. A single-cycle instruction prefetch mechanism is used to help
maintain throughput and provides predictable execution. All instructions execute in a single cycle, with the exception
of instructions that change the program flow, the double-word move (MOV . D) instruction and the table instructions.
Overhead-free program loop constructs are supported using the REPEAT instructions, which are interruptible at any
point.

PIC24F devices have sixteen, 16-bit Working registers in the programmer’s model. Each of the Working registers can
act as a Data, Address or Address Offset register. The 16th Working register (W15) operates as a Software Stack
Pointer (SSP) for interrupts and calls.

The lower 32 Kbytes of the Data Space (DS) can be accessed linearly. The upper 32 Kbytes of the Data Space are
referred to as Extended Data Space (EDS), to which the extended data RAM or program memory can be mapped.

The core supports Inherent (no operand), Relative, Literal and Memory Direct Addressing modes, along with three
groups of addressing modes. All modes support Register Direct and various Register Indirect modes. Each group
offers up to seven addressing modes. Instructions are associated with predefined addressing modes depending upon
their functional requirements.

For most instructions, the core is capable of executing a data (or program data) memory read, a Working register
(data) read, a data memory write and a program (instruction) memory read per instruction cycle. As a result, three
parameter instructions can be supported, allowing trinary operations (for example, A + B = C) to be executed in a
single cycle.

A high-speed, 17-bit x 17-bit multiplier has been included to significantly enhance the core arithmetic capability
and throughput. The multiplier supports Signed, Unsigned and Mixed mode, 16-bit x 16-bit or 8-bit x 8-bit, integer
multiplication. All multiply instructions execute in a single cycle.

The 16-bit ALU has been enhanced with integer divide assist hardware that supports an iterative non-restoring divide
algorithm. It operates in conjunction with the REPEAT instruction looping mechanism and a selection of iterative divide
instructions to support 32-bit (or 16-bit), divided by 16-bit, integer signed and unsigned division. All divide operations
require 19 cycles to complete but are interruptible at any cycle boundary.

The PIC24F has a vectored exception scheme with up to eight sources of non-maskable traps and up to 118 interrupt
sources. Each interrupt source can be assigned to one of seven priority levels.

A block diagram of the CPU is shown in Figure 3-1.

Programmer’s Model

The programmer’s model for the PIC24F is shown in Figure 3-2. All registers in the programmer’s model are
memory-mapped and can be manipulated directly by instructions.

A description of each register is provided in Table 3-1. All registers associated with the programmer’s model are
memory-mapped.
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Figure 3-1. PIC24F CPU Core Block Diagram
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Table 3-1. CPU Core Registers

WO through W15 Working Register Array
PC 23-Bit Program Counter
SR ALU STATUS Register
SPLIM Stack Pointer Limit Value Register
TBLPAG Table Memory Page Address Register
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CPU

...continued

RCOUNT REPEAT Loop Counter Register
CORCON CPU Control Register

DISICNT Disable Interrupt Count Register
DSRPAG Data Space Read Page Register
DSWPAG Data Space Write Page Register

Figure 3-2. Programmer’s Model
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W15 Stack Pointer 0

SPLIM [o]
22 0
PC [o]

| TBLPAG |

| DSRPAG |

8 0

| DSWPAG |
15 0
| RCOUNT |

SRL 0

15 SRH
N\~
RN o 2 o]
15

0
SEESESS=SEESrmEsE
0

13

DISICNT |

- Registers or bits are shadowed for PUSH. S and POP. S instructions.

>

Working/Address
Registers

Stack Pointer Limit
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Program Counter

Table Memory Page
Address Register

Data Space Read Page Register
Data Space Write Page Register
REPEAT Loop Counter

Register

ALU STATUS Register (SR)

CPU Control Register (CORCON)

Disable Interrupt Count Register
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CPU

Arithmetic Logic Unit (ALU)

The PIC24F ALU is 16 bits wide and is capable of addition, subtraction, bit shifts and logic operations. Unless
otherwise mentioned, arithmetic operations are two’s complement in nature. Depending on the operation, the ALU
may affect the values of the Carry (C), Zero (Z), Negative (N), Overflow (OV) and Digit Carry (DC) Status bits in
the SR register. The C and DC Status bits operate as Borrow and Digit Borrow bits, respectively, for subtraction
operations.

The ALU can perform 8-bit or 16-bit operations, depending on the mode of the instruction that is used. Data for
the ALU operation can come from the W register array, or data memory, depending on the addressing mode of the
instruction. Likewise, output data from the ALU can be written to the W register array or a data memory location.

The PIC24F CPU incorporates hardware support for both multiplication and division. This includes a dedicated
hardware multiplier and support hardware for 16-bit divisor division.

Multiplier
The ALU contains a high-speed, 17-bit x 17-bit multiplier. It supports unsigned, signed or mixed sign operation in
several multiplication modes:

* 16-bit x 16-bit signed

* 16-bit x 16-bit unsigned

* 16-bit signed x 5-bit (literal) unsigned

* 16-bit unsigned x 16-bit unsigned

» 16-bit unsigned x 5-bit (literal) unsigned

» 16-bit unsigned x 16-bit signed

» 8-bit unsigned x 8-bit unsigned

Divider
The divide block supports 32-bit/16-bit and 16-bit/16-bit signed and unsigned integer divide operations with the
following data sizes:

» 32-bit signed/16-bit signed divide

» 32-bit unsigned/16-bit unsigned divide

» 16-bit signed/16-bit signed divide

* 16-bit unsigned/16-bit unsigned divide
The quotient for all divide instructions ends up in WO and the remainder in W1. The 16-bit signed and unsigned
DIV instructions can specify any W register for both the 16-bit divisor (Wn), and any W register (aligned) pair

(W(m + 1):Wm) for the 32-bit dividend. The divide algorithm takes one cycle per bit of divisor, so both 32-bit/16-bit
and 16-bit/16-bit instructions take the same number of cycles to execute.

Multibit Shift Support

The PIC24F ALU supports both single bit and single-cycle, multibit arithmetic and logic shifts. Multibit shifts are
implemented using a shifter block, capable of performing up to a 15-bit arithmetic right shift, or up to a 15-bit left shift,
in a single cycle. All multibit shift instructions only support Register Direct Addressing for both the operand source
and result destination.

A full summary of instructions that use the shift operation is provided in Table 3-2.
Table 3-2. Instructions that Use the Single Bit and Multibit Shift Operation

et R

ASR Arithmetic Shift Right source register by one or more bits.
SL Shift Left source register by one or more bits.
LSR Logical Shift Right source register by one or more bits.
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3.3 CPU Registers

[eim [ mm Jmwm| v [ e s [ [ e [ e [ w [ e ]
7:0

WREGO[7:0]
0x00 WREGO
15:8 WREGO[15:8]
£ WREGH[T:
0x02 WREGH 0 G1[7:0]
15:8 WREG1[15:8]
7:0 WREG2[7:0]
0x04 WREG2
15:8 WREG2[15:8]
7:0 WREG3[7:0]
0x06 WREG3
’ 15:8 WREG3[15:8]
7:0 WREGA4[7:0]
0x08 WREGH4
15:8 WREGA4[15:8]
7:0 WREGS[7:0]
0x0A WREGS
" 15:8 WREGS[15:8]
0x0C WREG6 70 WREGS[7:0]
15:8 WREGH[15:8]
£ WREGT[7:
OxOE WREG7 0 G7[7:0]
15:8 WREGT7[15:8]
7:0 WREGS[7:0]
0x10 WREGS
15:8 WREGS[15:8]
£ WREGS[7:
0x12 WREG9 0 G9[7:0]
15:8 WREGO[15:8]
7:0 WREG10[7:0]
0x14 WREG10
15:8 WREG10[15:8]
v WREGM[T:
0x16 WREG11 0 G1[7:0]
15:8 WREG11[15:8]
7:0 WREG12[7:0]
0x18 WREG12
15:8 WREG12[15:8]
v WREG13[7:
0x1A WREG13 0 G13[7:0]
15:8 WREG13[15:8]
0x1C WREG14 70 WREG14[7:0]
15:8 WREG14[15:8]
v WREG15[7:
0x1E WREG15 0 G15[7:0]
15:8 WREG15[15:8]
7:0 SPLIM[7:0]
0x20 SPLIM
15:8 SPLIM[15:8]
0x22
Reserved
0x2D
0x2E PCL 7:0 PCL[7:0]
15:8 PCL[15:8]
7:0 PCH[7:0]
0x30 PCH
15:8
7:0 DSRPAGI7:0]
0x32 DSRPAG
' 158 DSRPAGI[9:8]
7:0 DSWPAG[7:0]
0x33 DSWPAG
15:8 DSWPAG[8]
0x35 Reserved
7: R ;
0x36 RCOUNT 0 COUNT[7:0]
15:8 RCOUNT[15:8]
0x38
Reserved
0x41
7:0 IPL[2:0] RA N ov , c
0x42 SR
15:8 =
£ IPL
0x44 CORCON 0 3 PSV
15:8
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........... continued
| otsst | Name Jmtpos| 7 | & | s | & | 3 | 2z | + [ o |
0x46
Reserved
0x51
7:0 DISICNTI[7:0]
0x52 DISICNT 15:8 DISICNT[13:8]
7:0 TBLPAG[7:0]
0x52 TBLPAG
15:8
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3.31 Working Register 0
Name: WREGO
Offset: 0x00
Bit 15 14 13 12 11 10 9 8
WREGO0[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREGO[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREGO0[15:0] Data bits
Datasheet DS30010203D-page 50
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3.3.2 Working Register 1
Name: WREGH1
Offset: 0x02
Bit 15 14 13 12 11 10 9 8
WREG1[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG1[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG1[15:0] Data bits
Datasheet DS30010203D-page 51
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3.3.3 Working Register 2
Name: WREG2
Offset: 0x04
Bit 15 14 13 12 11 10 9 8
WREG2[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREGZ2[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG2[15:0] Data bits
Datasheet DS30010203D-page 52
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3.34 Working Register 3
Name: WREG3
Offset: 0x06
Bit 15 14 13 12 11 10 9 8
WREG3[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG3[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG3[15:0] Data bits
Datasheet DS30010203D-page 53
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3.3.5 Working Register 4
Name: WREG4
Offset: 0x08
Bit 15 14 13 12 11 10 9 8
WREG4[15:8]
Access R/W R/W R/W RW R/W R/W RW R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREGA4[7:0]
Access R/W R/W R/W RW R/W RW RIW RW
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG4[15:0] Data bits
Datasheet DS30010203D-page 54
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3.3.6 Working Register 5
Name: WREG5
Offset: O0x0A
Bit 15 14 13 12 11 10 9 8
WREG5[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG5[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG5[15:0] Data bits
Datasheet DS30010203D-page 55
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3.3.7 Working Register 6
Name: WREG6
Offset: 0x0C
Bit 15 14 13 12 11 10 9 8
WREG6[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREGS6[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG6[15:0] Data bits
Datasheet DS30010203D-page 56
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3.3.8 Working Register 7
Name: WREG7
Offset: OxO0E
Bit 15 14 13 12 11 10 9 8
WREG7[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG7[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 —- WREGT7[15:0] Data bits
Datasheet DS30010203D-page 57
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3.3.9 Working Register 8
Name: WREGS8
Offset: 0x10
Bit 15 14 13 12 11 10 9 8
WREG8[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREGS[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG8[15:0] Data bits
Datasheet DS30010203D-page 58
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3.3.10 Working Register 9
Name: WREG9
Offset: 0x12
Bit 15 14 13 12 11 10 9 8
WREG9[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG9[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG9[15:0] Data bits
Datasheet DS30010203D-page 59
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3.3.11  Working Register 10
Name: WREG10
Offset: 0x14
Bit 15 14 13 12 11 10 9 8
WREG10[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG10[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG10[15:0] Data bits
Datasheet DS30010203D-page 60
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3.3.12 Working Register 11
Name: WREG11
Offset: 0x16
Bit 15 14 13 12 11 10 9 8
WREG11[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG11[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 —- WREG11[15:0] Data bits
Datasheet DS30010203D-page 61
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3.3.13 Working Register 12
Name: WREG12
Offset: 0x18
Bit 15 14 13 12 11 10 9 8
WREG12[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG12[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 —- WREG12[15:0] Data bits
Datasheet DS30010203D-page 62
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3.3.14 Working Register 13
Name: WREG13
Offset: Ox1A
Bit 15 14 13 12 11 10 9 8
WREG13[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG13][7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG13[15:0] Data bits
Datasheet DS30010203D-page 63
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3.3.15 Working Register 14
Name: WREG14
Offset: 0x1C
Bit 15 14 13 12 11 10 9 8
WREG14[15:8]
Access R/W R/W R/W R/W R/W R/wW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG14[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG14[15:0] Data or Frame Pointer bits
Datasheet DS30010203D-page 64
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3.3.16 Working Register 15
Name: WREG15
Offset: Ox1E
Bit 15 14 13 12 11 10 9 8
WREG15[15:8]
Access R/W R/W R/W R/W R/W RwW R/W R/wW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WREG15[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - WREG15[15:0] Data or Stack Pointer bits
Datasheet DS30010203D-page 65
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3.3.17 Stack Pointer Limit Value Register
Name: SPLIM
Offset: 0x20
Bit 15 14 13 12 11 10 9 8
SPLIM[15:8]
Access R/W R/W R/W R/W R/W R/W R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SPLIM[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 — SPLIM[15:0] Stack Limit Address bits
Datasheet DS30010203D-page 66
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3.3.18 Program Counter Low Register
Name: PCL
Offset: 0x2E
Bit 15 14 13 12 11 10 9 8
PCL[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PCL[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — PCL[15:0] Program Counter Low Value bits
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3.3.19 Program Counter High Register
Name: PCH
Offset: 0x30
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PCH[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 7:0 — PCH[7:0] Program Counter High Value bits
Datasheet DS30010203D-page 68
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3.3.20 Data Space Read Page Register
Name: DSRPAG
Offset: 0x32
Bit 15 14 13 12 11 10 9 8
DSRPAGI9:8]
Access R/wW R/wW
Reset 0 0
Bit 7 6 5 4 3 2 1 0
DSRPAG[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 9:0 - DSRPAG[9:0] Data Space Read Page Value bits
Datasheet DS30010203D-page 69
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3.3.21 Data Space Write Page Register
Name: DSWPAG
Offset: 0x33
Bit 15 14 13 12 11 10 9 8
DSWPAGI8] |
Access R/wW
Reset 0
Bit 7 6 5 4 3 2 1 0
DSWPAG([7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 8:0 - DSWPAG[8:0] Data Space Write Page Value bits
Datasheet DS30010203D-page 70
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3.3.22 REPEAT Loop Counter Register
Name: RCOUNT
Offset: 0x36
Bit 15 14 13 12 11 10 9 8
RCOUNT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RCOUNT][7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - RCOUNT[15:0]

Current Loop Counter Value for REPEAT Instruction bits
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3.3.23 ALU STATUS Register
Name: SR
Offset: 0x42
Notes
1. The IPLx Status bits are read-only when NSTDIS (INTCON1[15]) = 1.
2. The IPLx Status bits are concatenated with the IPL3 Status bit (CORCON][3]) to form the CPU Interrupt Priority
Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.
Bit 15 14 13 12 1 10 9 8
| | | | | | DC
Access R/wW
Reset 0
Bit 7 6 5 4 3 2 1 0
IPL[2:0] RA N oV Z C
Access R/W R/W R/W R/wW R/W R/wW R/W RW
Reset 0 0 0 0 0 0 0 0

Bit 8 — DC ALU Half Carry/Borrow bit
Value Description

1 A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data) of
the result occurred
0 No carry-out from the 4th or 8th low-order bit of the result has occurred

Bits 7:5 — IPL[2:0] CPU Interrupt Priority Level Status bits(!2)

111 CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 SDOx pin is controlled by the module

101 CPU Interrupt Priority Level is 5 (13)

100 CPU Interrupt Priority Level is 4 (12)

011 CPU Interrupt Priority Level is 3 (11)

010 CPU Interrupt Priority Level is 2 (10)

001 CPU Interrupt Priority Level is 1 (9)

000 CPU Interrupt Priority Level is 0 (8)

Bit 4 — RA REPEAT Loop Active bit

Value Description
1 REPEAT loop is in progress
0 REPEAT loop is not in progress

Bit 3 — N ALU Negative bit

Value Description
1 Result was negative
0 Result was not negative (zero or positive)

Bit 2 — OV ALU Overflow bit

Value Description
1 Overflow occurred for signed (two’s complement) arithmetic in this arithmetic operation
0 No overflow has occurred

Bit1-2Z ALU Zero bit

Value Description

1 An operation, which affects the Z bit, has set it at some time in the past

0 The most recent operation, which affects the Z bit, has cleared it (i.e., a non-zero result)
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Bit 0 — C ALU Carry/Borrow bit

Value Description

1 A carry-out from the Most Significant bit (MSb) of the result occurred
0 No carry-out from the Most Significant bit of the result occurred
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3.3.24 CPU Core Control Register

Name: CORCON
Offset: 0x44
Notes:

1. The IPL3 bit is concatenated with the IPL[2:0] bits (SR[7:5]) to form the CPU Interrupt Priority Level; see
3.3.23 SR for bit description.

2. IfPSV =0, any reads from data memory at 0x8000 and above will cause an address trap error instead of
reading from the PSV section of program memory. This bit is not individually addressable.

Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
IPL3 PSV
Access R/W R/W
Reset 0 1

Bit 3 — IPL3 CPU Interrupt Priority Level Status bit()

Value Description

1 CPU Interrupt Priority Level is greater than 7
0 CPU Interrupt Priority Level is 7 or less

Bit 2 — PSV Program Space Visibility (PSV) in Data Space Enable(?

Value Description

1 Program space is visible in Data Space
0 Program space is not visible in Data Space
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 74

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet

CPU
3.3.25 Disable Interrupt Count Register
Name: DISICNT
Offset: 0x52
Bit 15 14 13 12 11 10 9 8
DISICNT[13:8]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DISICNTI[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 13:0 — DISICNT[13:0]

Current Counter Value for DISI Instruction bits
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3.3.26 Table Memory Page Address Register
Name: TBLPAG
Offset: 0x52
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TBLPAG[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 7:0 —- TBLPAG[7:0] Table Memory Page Value bits
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Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to

be a comprehensive reference source. For more information, refer to “PIC24F Flash Program Memory”
(www.microchip.com/DS30009715) in the “dsPIC33/PIC24 Family Reference Manual”. The information in this data
sheet supersedes the information in the FRM.

As Harvard architecture devices, PIC24F microcontrollers feature separate program and data memory spaces and
buses. This architecture also allows direct access of program memory from the Data Space during code execution.

The program memory is readable, writable and erasable. The Flash memory can be programmed in four ways:

+ In-Circuit Serial Programming™ (ICSP™)

* Run-Time Self-Programming (RTSP)

+ JTAG

» Enhanced In-Circuit Serial Programming (Enhanced ICSP)

ICSP allows a PIC24FJ512GU410 family device to be serially programmed while in the end application circuit.

This is simply done with two lines for the programming clock and programming data (named PGECx and PGEDX,
respectively), and three other lines for power (Vpp), ground (Vsg) and Master Clear (MCLR). This allows customers
to manufacture boards with unprogrammed devices and then program the microcontroller just before shipping the
product. This also allows the most recent firmware or a custom firmware to be programmed.

RTSP is accomplished using TBLRD (Table Read) and TBLWT (Table Write) instructions. With RTSP, the user may
write program memory data in blocks of 128 instructions (384 bytes) at a time and erase program memory in blocks
of 1024 instructions (3072 bytes) at a time.

The device implements a 7-bit Error Correcting Code (ECC). The NVM block contains a logic to write and read ECC
bits to and from the Flash memory. The Flash is programmed at the same time as the corresponding ECC parity bits.
The ECC provides improved resistance to Flash errors. ECC single bit errors can be transparently corrected; ECC
double-bit errors generate an interrupt.

The program address memory space of the PIC24FJ512GU410 family devices is 4M instructions. The space is
addressable by a 24-bit value derived from either the 23-bit Program Counter (PC) during program execution, or from
table operation or Data Space remapping, as described in 5.5 Interfacing Program and Data Memory Spaces.

User access to the program memory space is restricted to the lower half of the address range (000000h to
TFFFFFh). The exception is the use of TBLRD/TBLWT operations, which use TBLPAG[7] to permit access to the
Configuration bits and customer OTP sections of the configuration memory space.

The memory map for the PIC24FJ512GU410 family of devices is shown in Figure 4-1.
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Figure 4-1. Program Memory Map for PIC24FJ512GU410 Family Devices
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Figure 4-2. Code Memory Map for Devices with 512 Kbytes Flash (PIC24FJ512GX4XX)

Single Partition Dual Partition
0x000000 0x000000
User
P
User 5 Memory
Program E
Memory & _ ] i 0x02AF00
o Device Configuration
=
0x055F00 < Unimplemented 0x02B000
Device Configuration (Read ‘0’s)
0x400000
0x056000 User *
_S Program
B Memory
. @®©
Unimplemented o 0x42AF00
(Read ‘0’s) g Device Configuration
S
E Unimplemented 0x42B000
0x800000 (Read '0's) 0800000
Note: Memory areas are not shown to scale
Figure 4-3. Code Memory Map for Devices with 256 Kbytes Flash (PIC24FJ256GX4XX)
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Figure 4-4. Code Memory Map for Devices with 128 Kbytes Flash (PIC24FJ128GX4XX)
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Program Memory Organization

The program memory is organized as an array of 24-bit wide words. Although the program memory space is treated
as 24 bits wide (3 bytes per instruction), the upper byte is not addressable. Only the lower 2 bytes of the words
(instructions) have addresses. The entire 24-bits of the instruction words are read and decoded by the MCU. Also,
the upper byte can be accessed from the application code using special table instructions (TBLRD and TBLWT).

Active Partition

Inactive Partition

Dual Partition

User
Program
Memory

Device Configuration

Unimplemented
(Read ‘0’s)
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Device Configuration
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(Read ‘0’s)

0x000000
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0x400000

0x40AF00

0x40B000
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The program memory array is organized into write blocks (rows) of 128 words (instructions). Eight write blocks form
an erase block (page) of 1024 instructions. The program memory can be programmed one row (write block) at a time
and can be erased by one page (erase block) at a time. Also, the double-word programming (two instructions) and

entire code memory erase operations are supported.
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Hard Memory Vectors

All PIC24F devices reserve the addresses between 000000h and 000200h for hard-coded program execution
vectors. A hardware Reset vector is provided to redirect code execution from the default value of the PC on a
device Reset to the actual start of code. A GOTO instruction is programmed by the user at 000000h, with the actual
address for the start of code at 000002h.

The PIC24FJ512GU410 devices can have up to two Interrupt Vector Tables (IVT). The first is located from
addresses, 000004h to 0000FFh. The Alternate Interrupt Vector Table (AIVT) can be enabled by the AIVTDIS
Configuration bit if the Boot Segment (BS) is present. If the user has configured a Boot Segment, the AIVT will
be located at the address, (BSLIM[12:0] — 1) x 800h. These vector tables allow each of the many device interrupt
sources to be handled by separate ISRs. A more detailed discussion of the Interrupt Vector Tables is provided in
8.1 Interrupt Vector Table.

Configuration Bits Overview

The Configuration bits are stored in the last page location of implemented program memory. These bits can be set or
cleared to select various device configurations. There are two types of Configuration bits: system operation bits and
code-protect bits. The system operation bits determine the power-on settings for system-level components, such as
the oscillator and the Watchdog Timer. The code-protect bits prevent program memory from being read and written.

Refer to 29. Special Features for the full Configuration register description for each specific device.

Code-Protect Configuration Bits

The device implements intermediate security features defined by the FSEC register. The Boot Segment (BS) is
the higher privileged segment and the General Segment (GS) is the lower privileged segment. The total user code
memory can be split into BS or GS. The size of the segments is determined by the BSLIM[12:0] bits. The relative
location of the segments within user space does not change, such that BS (if present) occupies the memory area
just after the Interrupt Vector Table (IVT) and the GS occupies the space just after the BS (or if the Alternate IVT is
enabled, just after it).

The Configuration Segment (CS) is a small segment (less than a page, typically just one row) within user Flash
address space. It contains all user configuration data that are loaded by the NVM Controller during the Reset
sequence.

Table Instructions and Flash Programming

Regardless of the method used, all programming of Flash memory is done with the Table Read and Table Write
instructions. These allow direct read and write access to the program memory space from the data memory while
the device is in normal operating mode. The 24-bit target address in the program memory is formed using the
TBLPAG[7:0] bits and the Effective Address (EA) from a W register, specified in the table instruction, as shown in
Figure 4-5.

The TBLRDL and the TBLWTL instructions are used to read or write to bits[15:0] of program memory. TBLRDL and
TBLWTL can access program memory in both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read or write to bits[23:16] of program memory. TBLRDH and
TBLWTH can also access program memory in Word or Byte mode.
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Figure 4-5. Addressing for Table Registers
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RTSP Operation

The PIC24F Flash program memory array is organized into rows of 128 instructions or 384 bytes. RTSP allows the
user to erase blocks of eight rows (1024 instructions) at a time and to program one row at a time. It is also possible to
program two instruction word blocks.

The eight-row erase blocks and single row write blocks are edge-aligned, from the beginning of program memory, on
boundaries of 3072 bytes and 384 bytes, respectively.

When data are written to program memory using TBLWT instructions, the data are not written directly to memory.
Instead, data written using Table Writes are stored in holding latches until the programming sequence is executed.

Any number of TBLWT instructions can be executed and a write will be successfully performed. However, 128 TBLWT
instructions are required to write the full row of memory.

To ensure that no data are corrupted during a write, any unused address should be programmed with FFFFFFh. This
is because the holding latches reset to an unknown state, so if the addresses are left in the Reset state, they may
overwrite the locations on rows which were not rewritten.

The basic sequence for RTSP programming is to set the Table Pointer to point to the programming latches, do a
series of TBLWT instructions to load the buffers and set the NVMADRU/NVMADR registers to point to the destination.
Programming is performed by setting the control bits in the NVMCON register.

Data can be loaded in any order and the holding registers can be written to multiple times before performing a write
operation. Subsequent writes, however, will wipe out any previous writes.

Note: Writing to a location multiple times without erasing is not allowed.

All of the Table Write operations are single-word writes (two instruction cycles), because only the buffers are written.
A programming cycle is required for programming each row.

Programming Operations

A complete programming sequence is necessary for programming or erasing the internal Flash in RTSP mode.
During a programming or erase operation, the processor stalls (waits) until the operation is finished. Setting the WR
bit (NVMCON][15]) starts the operation and the WR bit is automatically cleared when the operation is finished.

Programming Algorithm for Flash Program Memory

The user can program one row of Flash program memory at a time. To do this, it is necessary to erase the eight-row
erase block containing the desired row. The general process is:
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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 block (see Example 4-1):
3.1. Set the NVMOP[3:0] bits (NVMCON][3:0]) to ‘0011’ to configure for block erase. Set the WREN
(NVMCON][14]) bit.
3.2. Write the starting address of the block to be erased into the NVMADRU/NVMADR registers.
3.3. Write 55h to NVMKEY.
3.4. Write AAh to NVMKEY.

3.5. Set the WR bit (NVMCON[15]). The erase cycle begins and the CPU stalls for the duration of the
erase cycle. When the erase is done, the WR bit is cleared automatically.

4. Update the TBLPAG register to point to the programming latches on the device. Update the NVMADRU/
NVMADR registers to point to the destination in the program memory.

5. Write the first 128 instructions from data RAM into the program memory buffers (see Example 4-2).
6. Write the program block to Flash memory:

6.1. Set the NVMOPX bits to ‘0010’ to configure for row programming. Set the WREN bit.

6.2. Write 55h to NVMKEY.

6.3. Write AAh to NVMKEY.

6.4. Set the WR bit. The programming cycle begins and the CPU stalls for the duration of the write cycle.
When the write to Flash memory is done, the WR bit is cleared automatically.

7. Repeat Steps 4 through 6, using the next available 128 instructions from the block in data RAM, by
incrementing the value in NVMADRU/NVMADR 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. The two instructions following the start of the programming
sequence should be NOPs.

Table 4-1. Page Erase

Step 1: Set the NVMCON register to erase a page.

MOV #0x4003, WO
MOV W0, NVMCON

Step 2: Load the address of the page to be erased into the NVMADR register pair.

MOV #PAGE ADDR_LO, WO
MOV WO, NVMADR

MOV #PAGE_ADDR HI, WO
MOV W0, NVMADRU

Step 3: Set the WR bit.

MOV #0x55, WO
MOV WO, NVMKEY

MOV #0xAA, WO
MOV WO, NVMKEY
BSET NVMCON, #WR
NOP

NOP

NOP
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Example 4-1. Erasing a Program Memory Block (‘C’ Language Code)

// C example using MPLAB XCl6
unsigned long progAddr = O0xXXXXXX; //
unsigned int offset;

Address of

row to write

//Set up pointer to the first memory location to be written
NVMADRU = progAddr>>16; // Initialize PM Page Boundary SFR
NVMADR = progAddr & OxFFFF; // Initialize lower word of address
NVMCON = 0x4003; // Initialize NVMCON
asm(“DISI #5”); // Block all interrupts with priority <7
// for next 5 instructions
__builtin write NVM(); // check function to perform unlock
// sequence and set WR
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Table 4-2. Code Memory Programming Example: Row Writes

Step 1: Set the NVMCON register to program 128 instruction words.
MOV #0x4002, WO

MOV WO, NVMCON

Step 2: Initialize the TBLPAG register for writing to the latches.

MOV #0xFA, W12
MOV W12, TBLPAG

Step 3: Load W0:W5 with the next four instruction words to program.

MOV #<LSW0>, WO
MOV #<MSB1:MSB0>, Wl

MOV #<LSW1>, W2
MOV #<LSW2>, W3
MOV #<MSB3:MSB2>, W4

MOV #<LSW3>, W5

Step 4: Set the Read Pointer (W6) and load the (next set of) write latches.

CLR W6
CLR W7

TBLWTL [W6++], [W7]
TBLWTH.B [W6++], [W7++]
TBLWTH.B [W6++], [++W7]
TBLWTL [W6++], [W7++]
TBLWTL [W6++], [W7]
TBLWTH.B [W6++], [W7++]
TBLWTH.B [Wo6++], [++W7]

TBLWTL [W6++], [W7++]

Step 5: Repeat Steps 4 and 5, for a total of 32 times, to load the write latches with 128 instructions.
Step 6: Set the NVMADRU/NVMADR register pair to point to the correct address.

MOV #DestinationAddress[15:0], W3
MOV #DestinationAddress[23:16], W4

MOV W3, NVMADR

MOV W4, NVMADRU

Step 7: Execute the WR bit unlock sequence and initiate the write cycle.
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MOV #0x55, WO
MOV W0, NVMKEY

MOV #0xAZA, WO
MOV WO, NVMKEY
BSET NVMCON, #WR
NOP

NOP

NOP

Example 4-2. Example: Row Programming (‘C’ Language Code)

ROW PROGRAMMING (‘C’ LANGUAGE CODE)
int varWordlL[128];
int varWordlH[128];

int targetWriteAddressL; // bits[15:0]

int targetWriteAddressH; // bits[22:16]

int 1i;

NVMCON = 0x4002; // Set WREN and row program mode
TBLPAG = OxFA;

NVMADRL = targetWriteAddressL; // set target write address
NVMADRH = targetWriteAddressH;

for (i=0; 1<128; i++) // load write latches with data

{ // to be written

__builtin tblwtl( (i*2), varWordlL[i]);
~_builtin tblwth( (i*2), varWordlH[i]);
}

__builtin disi(5); //Disable interrupts for NVM unlock
sequence
__builtin write NVM(); // initiate write

Programming a Double Word of Flash Program Memory

If a Flash location has been erased, it can be programmed using Table Write instructions to write two instruction
words (2 x 24-bit) into the write latch. The TBLPAG register is loaded with the address of the write latches and

the NVMADRU/NVMADR registers are loaded with the address of the first of the two instruction words to be
programmed. The TBLWTL and TBLWTH instructions write the desired data into the write latches. To configure the
NVMCON register for a two-word write, set the NVMOPXx bits (NVMCON][3:0]) to ‘0001’. The write is performed by
executing the unlock sequence and setting the WR bit. An equivalent procedure in ‘C’, using the MPLAB® XC16
compiler and built-in hardware functions, is shown in Table 4-3.

Table 4-3. Programming a Double Word of Flash Program Memory

Step 1: Initialize the TBLPAG register for writing to the latches.

MOV #0xFA, W12
MOV W12, TBLPAG

Step 2: Load WO0:W2 with the next two packed instruction words to program.

MOV #<LSWO>, WO
MOV #<MSB1:MSBO>, Wl

MOV #<LSW1>, W2

Step 3: Set the Read Pointer (W6) and Write Pointer (W7), and load the (next set of) write latches.
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CLR W6
CLR W7

TBLWTL [W6++], [W7]
TBLWTH.B [W6++], [W7++]
TBLWTH.B [W6++], [++W7]

TBLWTL.W [W6++], [W7++]

Step 4: Set the NVMADRU/NVMADR register pair to point to the correct address.

MOV #DestinationAddress[15:0], W3
MOV #DestinationAddress[23:16], W4

MOV W3, NVMADR

MOV W4, NVMADRU

Step 5: Set the NVMCON register to program two instruction words.

MOV #0x4001, W10
MOV W10, NVMCON

NOP

Step 6: Initiate the write cycle.

MOV #0x55, W1
MOV W1, NVMKEY

MOV #0xAZA, Wl
MOV W1, NVMKEY
BSET NVMCON, #WR
NOP

NOP

NOP
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Example 4-3. Programming a Double Word of Flash Program Memory (‘C’ Language Code)

// C example using MPLAB XC16

unsigned long progAddr = 0xXXXXXX; // Address of word to program

unsigned int progDatall = 0xXXXX; // Data to program lower word of word 1
unsigned char progDatalH = 0xXX; // Data to program upper byte of word 1
unsigned int progData2l = 0xXXXX; // Data to program lower word of word 2
unsigned char progData2H = 0xXX; // Data to program upper byte of word 2
//Set up NVMCON for word programming

NVMCON = 0x4001; // Initialize NVMCON

TBLPAG = OxFA; // Point TBLPAG to the write latches

//Set up pointer to the first memory location to be written

NVMADRU = progAddr>>16; // Initialize PM Page Boundary SFR

NVMADR = progAddr & OXFFFF; // Initialize lower word of address

//Perform TBLWT instructions to write latches

__builtin tblwtl (0, progDatall); // Write word 1 to address low word

__builtin tblwth (0, progData2H); // Write word 1 to upper byte

_ _builtin tblwtl(l, progData2l); // Write word 2 to address low word

__builtin tblwth(l, progData2H); // Write word 2 to upper byte

asm (“DISI #5”); // Block interrupts with priority <7 for
// next 5 instructions

__builtin write NVM(); // XCl6 function to perform unlock
sequence and set WR

Error Correcting Code (ECC)

In order to improve program memory performance and durability, these devices include Error Correcting Code (ECC)
functionality as an integral part of the Flash memory controller. ECC can determine the presence of single bit errors in
program data, including which bit is in error, and correct the data automatically without user intervention. ECC cannot
be disabled.

When data are written to program memory, ECC generates a 7-bit Hamming code parity value for every two (24-bit)
instruction words. The data are stored in blocks of 48 data bits and 7 parity bits; parity data are not memory-mapped
and are inaccessible. When the data are read back, the ECC calculates the parity on them and compares them to the
previously stored parity value. If a parity mismatch occurs, there are two possible outcomes:

» Single bit error has occurred and has been automatically corrected on read-back.
» Double-bit error has occurred and the read data are not changed.

The ECCSTATL register contains the parity information for single bit errors. The SECOUT][7:0] bits field contains the
expected calculated SEC parity and the SECIN[7:0] bits contain the actual value from a Flash read operation. The
SECSYNDx bits (ECCSTATH[7:0]) indicate the bit position of the single bit error within the 48-bit pair of instruction
words. When no error is present, SECINx equals SECOUTx and the SECSYNDXx bits are zero.

Double-bit error occurrences generate a generic hard trap and set the ECCDBE (INTCON4[1]) bit. The ECCSTATH
register contains double-bit error status information. The DEDOUT bit is the expected calculated DED parity and
DEDIN is the actual value from a Flash read operation. When no error is present, DEDIN equals DEDOUT.

ECC Fault Injection

To test Fault handling, an ECC error can be generated. Both single and double-bit errors can be generated in both
the read and write data paths. Read path Fault injection first reads the Flash data and then modifies them prior to
entering the ECC logic. Write path Fault injection modifies the actual data prior to them being written into the target
Flash and will cause an EEC error on a subsequent Flash read. The following procedure is used to inject a Fault:

1. Load the Flash target address into the ECCADDR register.

2. Select 1st Fault bit determined by FLT1PTRx (ECCCONH]I7:0]). The target bit is inverted to create the Fault.

3. If adouble Fault is desired, select the 2nd Fault bit determined by FLT2PTRx (ECCCONH][15:8]); otherwise,
settoall ‘1’s.

4. Write the NVMKEY unlock sequence.
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5. Enable the ECC Fault injection logic by setting the FLTINJ bit (ECCCONL][0]).
6. Perform a read or write to the Flash target address.

Flash OTP by ICSP™ Write Inhibit

ICSP Write Inhibit is an access restriction feature that, when activated, restricts all of Flash memory. Once
activated, ICSP Write Inhibit permanently prevents ICSP Flash programming and erase operations, and cannot
be deactivated. This feature is intended to prevent alteration of Flash memory contents, with behavior similar to
One-Time-Programmable (OTP) devices.

RTSP, including erase and programming operations, is not restricted when ICSP Write Inhibit is activated; however,
code to perform these actions must be programmed into the device before ICSP Write Inhibit is activated. This allows
for a bootloader-type application to alter Flash contents with ICSP Write Inhibit activated.

Entry into ICSP and Enhanced ICSP modes is not affected by ICSP Write Inhibit. In these modes, it will continue to
be possible to read configuration memory space and any user memory space regions which are not code-protected.
With ICSP writes inhibited, an attempt to set WR (NVMCON[15]) = 1 will maintain WR = 0 and instead, set WRERR
(NVMCON[13]) = 1. All Enhanced ICSP erase and programming commands will have no effect with self-checked
programming commands returning a FAIL response opcode (PASS if the destination already exactly matched the
requested programming data).

Once ICSP Write Inhibit is activated, it is not possible for a device executing in Debug mode to erase/write Flash,
nor can a debug tool switch the device to Production mode. ICSP Write Inhibit should therefore only be activated on
devices programmed for production.

Activating Flash OTP by ICSP Write Inhibit

Note: It is not possible to deactivate ICSP Write Inhibit.

ICSP Write Inhibit is activated by executing a pair of NVMCON double-word programming commands to save

two 16-bit activation values in the configuration memory space. The target NVM addresses and values required for

activation are shown in Table 4-4. Once both addresses contain their activation values, ICSP Write Inhibit will take
permanent effect on the next device Reset.

Only the lower 16 data bits stored at the activation addresses are evaluated; the upper eight bits and second 24-bit
word, written by the double-word programming, should be written as ‘0’s. The addresses can be programmed in any
order and also during separate ICSP/Enhanced ICSP/RTSP sessions, but any attempt to program an incorrect 16-bit
value, or use a row programming operation to program the values, will be aborted without altering the existing data.

Table 4-4. ICSP™ Write Inhibit Activation Addresses and Data

_ Configuration Memory Address ICSP Write Inhibit Activation Value

Write Lock 1 0x801024 0x006D63
Write Lock 2 0x801028 0x006870

JTAG Operation

The PIC24F family supports JTAG boundary scan. Boundary scan can improve the manufacturing process by
verifying pin to PCB connectivity.

Enhanced In-Circuit Serial Programming

Enhanced In-Circuit Serial Programming uses an on-board bootloader, known as the Program Executive (PE), to
manage the programming process. Using an SPI data frame format, the Program Executive can erase, program and
verify program memory. For more information on Enhanced ICSP, see the device programming specification.
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Program Memory Registers

I I = 2 I RN AN (N I I

0x00
0x075F
0x0760
0x0762

0x0764

0x0766

0x0768
Oxd;GB
0x076C
0x076E
0x0770
0x0772
0x0774

0x0774

4111

Reserved
7:0 NVMOP[3:0]
NVMCON
15:8 WR WREN WRERR NVMSIDL SFTSWP P2ACTIV
NVMADR 7:0 NVMADR[7:0]
15:8 NVMADR[15:8]
7:0 NVMADRU[7:0]
NVMADRU
15:8
NVMKEY 7:0 NVMKEY[7:0]
15:8
Reserved
7:0 FLTINJ
ECCCONL
15:8
7:0 FLT1PTR[7:0]
ECCCONH
15:8 FLT2PTR[7:0]
7:0 ECCADDR][7:0]
ECCADDRL
15:8 ECCADDR[15:8]
ECCADDRH 7:0 ECCADDR[23:16]
15:8
7:0 SECIN[7:0]
ECCSTATL
15:8 SECOUT[7:0]
ECCSTATH 7:0 SECSYND[7:0]
158 DEDOUT DEDIN

Control Registers

There are four SFRs used to read and write the program Flash memory: NVMCON, NVMADRU, NVMADR and
NVMKEY.

The NVMCON register (4.11.2 NVMCON) controls which blocks are to be erased, which memory type is to be
programmed and when the programming cycle starts.

NVMKEY (4.11.5 NVMKEY) is a write-only register that is used for write protection. To start a programming or erase
sequence, the user must consecutively write 55h and AAh to the NVMKEY register. Refer to 4.6.1 Programming
Operations for further details.

The NVMADRU/NVMADR registers contain the upper byte and lower word of the destination of the NVM write or
erase operation. Some operations (chip erase) operate on fixed locations and do not require an address value.

The ECCCONL/H, ECCADDRL/H and ECCSTATL/H registers control and allow capturing status information for the
Error Correcting Code (ECC) feature.
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411.2 Nonvolatile Memory (NVM) Control Register
Name: NVMCON
Offset: 0x760
Notes:
1. These bits can only be reset on a Power-on Reset.
2. All other combinations of NVMOPI[3:0] are unimplemented.
3. Unlock sequence must be executed before writing to this bit.
Legend: SO = Settable Only bit
Bit 15 14 13 12 11 10 9 8
| WR | WREN | WRERR NVMSIDL SFTSWP P2ACTIV
Access R/SO R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
NVMOP[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 15— WR Write Control bit(1:3)

1 Initiates a Flash memory program or erase operation; the operation is self-timed and the bit is cleared
by hardware once the operation is complete
0 Program or erase operation is complete and inactive

Bit 14 - WREN Write Enable bit(1

Value Description
1 Enables Flash program/erase operations
0 Inhibits Flash program/erase operations

Bit 13 - WRERR Write Sequence Error Flag bit(")

1 An improper program or erase sequence attempt, or termination has occurred (bit is set automatically
on any set attempt of the WR bit)
0 The program or erase operation completed normally

Bit 12 — NVMSIDL NVM Stop in Idle Control bit

Value Description
1 Removes power from the program memory when device enters Idle mode
0 Powers program memory in Standby mode when the device enters Idle mode

Bit 11 — SFTSWP Soft Swap Status bit
In Single Partition Mode:

Read as ‘0.

In Dual Partition Mode:

1 Partitions have been successfully swapped using the BOOTSWP instruction
0 Awaiting successful panel swap using the BOOTSWP instruction

Bit 10 — P2ACTIV Dual Partition Active Status bit
In Single Partition Mode:

Read as ‘0.

In Dual Partition Mode:
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Value

1
0

1110

Partition 2 is mapped into the active region
Partition 1 is mapped into the active region

Bits 3:0 - NVMOP[3:0] NVM Operation Select bits(?)
Value

Description
Chip Erase Operation, erases user memory (does not erase Device ID, customer OTP or executive
memory)

1000 The next WR command will program FBOOT with the data held in the first 48 bits of the write latch and
then will program the Dual Partition Signature (SIGN) bit in Flash. The device must be reset before the
newly programmed mode can take effect.

0100 Erases user memory and Configuration Words in the Inactive Partition (Dual Partition modes only)

0011 Erases a page of program or executive memory

0010 Row programming operation

0001 Double-word programming operation
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411.3 Nonvolatile Memory (NVM) Write Address Low Register

Name: NVMADR
Offset: 0x762
Bit 15 14 13 12 1" 10 9 8
NVMADR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
NVMADR([7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - NVMADR[15:0] Nonvolatile Memory Write Address Lower bits
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411.4 Nonvolatile Memory (NVM) Write Address High Register

Name: NVMADRU
Offset: 0x764
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
NVMADRUI[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - NVMADRU[7:0] Nonvolatile Memory Write Address Upper bits
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4.11.5 Nonvolatile Memory (NVM) Key Register

Name: NVMKEY
Offset: 0x766
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
NVMKEYI[7:0]
Access w w w w w w w W
Reset 0 0 0 0 0 0 0 0
Bits 7:0 —- NVMKEY[7:0] NVM Key Register bits (write-only)
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4.11.6 ECC Fault Injection Configuration Register Low

Name: ECCCONL
Offset: 0x76C
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
FLTINJ
Access R/W
Reset 0

Bit 0 — FLTINJ Fault Injection Sequence Enable bit
Write Enable bit.

Value Description

1 Enabled
0 Disabled
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4.11.7 ECC Fault Injection Configuration Register High

Name: ECCCONH
Offset: Ox76E
Bit 15 14 13 12 " 10 9 8
FLT2PTR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
FLT1PTR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:8 — FLT2PTR[7:0] ECC Fault Injection Bit Pointer 2 bits
Value Description

11111111-10001001 No Fault injection occurs

10001000 Fault injection (bit inversion) occurs on bit 136 of ECC bit order
00000001 Fault injection (bit inversion) occurs on bit 1 of ECC bit order
00000000 Fault injection (bit inversion) occurs on bit 0 of ECC bit order

Bits 7:0 — FLT1PTR[7:0] ECC Fault Injection Bit Pointer 1 bits

Value Description
11111111-10001001 No Fault injection occurs
10001000 Fault injection (bit inversion) occurs on bit 136 of ECC bit order
00000001 Fault injection (bit inversion) occurs on bit 1 of ECC bit order
00000000 Fault injection (bit inversion) occurs on bit 0 of ECC bit order
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4.11.8 ECC Fault Inject Address Compare Register Low

Name: ECCADDRL
Offset: 0x770
Bit 15 14 13 12 1" 10 9 8
ECCADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ECCADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - ECCADDR[15:0] ECC Fault Injection NVM Address Match Compare bits
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4.11.9 ECC Fault Inject Address Compare Register High

Name: ECCADDRH
Offset: 0x772
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ECCADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - ECCADDR[23:16] ECC Fault Injection NVM Address Match Compare bits
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4.11.10 ECC System Status Display Register Low

Name: ECCSTATL
Offset: 0x774
Bit 15 14 13 12 1" 10 9 8
SECOUTI7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SECIN[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:8 — SECOUT[7:0] Calculated Single Error Correction Parity Value bits

Bits 7:0 — SECIN[7:0] Read Single Error Correction Parity Value bits
SECIN[7:0] bits are the actual parity value of a Flash read operation.
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4.11.11 ECC System Status Display Register High

Name: ECCSTATH
Offset: 0x774
Bit 15 14 13 12 11 10 9 8
DEDOUT DEDIN
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
SECSYND[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 9 —- DEDOUT Calculated Dual Bit Error Detection Parity bit

Bit 8 —- DEDIN Read Dual Bit Error Detection Parity bit
DEDIN is the actual parity value of a Flash read operation.

Bits 7:0 —- SECSYND[7:0] Calculated ECC Syndrome Value bits
Indicates the bit location that contains the error.
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Data Memory Space

Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to be a
comprehensive reference source. For more information, refer to “Data Memory with Extended Data Space (EDS)”
(www.microchip.com/DS39733) in the “dsPIC33/PIC24 Family Reference Manual”. The information in this data sheet
supersedes the information in the FRM.

The PIC24F core has a 16-bit wide data memory space, addressable as a single linear range. The Data Space is
accessed using two Address Generation Units (AGUs), one each for read and write operations. The Data Space
memory map is shown in Figure 5-1.

The 16-bit wide data addresses in the data memory space point to bytes within the Data Space (DS). This gives a
DS address range of 64 Kbytes or 32K words. The lower half (0000h to 7FFFh) is used for implemented (on-chip)
memory addresses.

The upper half of data memory address space (8000h to FFFFh) is used as a window into the Extended Data Space
(EDS). This allows the microcontroller to directly access a greater range of data beyond the standard 16-bit address
range. EDS is discussed in detail in 5.5 Interfacing Program and Data Memory Spaces.

Data Space Width

The data memory space is organized in byte-addressable, 16-bit wide blocks. Data are aligned in data memory and
registers as 16-bit words, but all Data Space EAs resolve to bytes. The Least Significant Bytes (LSBs) of each word
have even addresses, while the Most Significant Bytes (MSBs) have odd addresses. The data memory map is shown
in Figure 5-1.

Figure 5-1. Data Memory Map for PIC24FJ512GU410 Family Devices

~ | M
SFR Space 0x0000 | gpR
| Space
| 0x0800
L Near
| Data Space
|
Main RAM < |
F- - -30-Kbyltes RAM- — - 0x2000 _/
|
|
1
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2 Kbytgs RAM 0x8000
EDS Page 1
(DSRRAG =1
and DSWPAG = 1)
X
| 0x8800
|
EDS Window < |
|
|
|
|
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Data Memory Organization and Alignment

To maintain backward compatibility with PIC® MCUs and improve Data Space memory usage efficiency, the PIC24F
instruction set supports both word and byte operations. As a consequence of byte accessibility, all EA calculations
are internally scaled to step through word-aligned memory. For example, the core recognizes that Post-Modified
Register Indirect Addressing mode, [Ws++], will result in a value of Ws + 1 for byte operations and Ws + 2 for word
operations.

Data byte reads will read the complete word, which contains the byte, using the LSB of any EA to determine which
byte to select. The selected byte is placed onto the LSB of the data path. That is, data memory and registers are
organized as two parallel, byte-wide entities with shared (word) address decode, but separate write lines. Data byte
writes only write to the corresponding side of the array or register which matches the byte address.

All word accesses must be aligned to an even address. Misaligned word data fetches are not supported, so care
must be taken when mixing byte and word operations or translating from 8-bit MCU code. If a misaligned read or
write is attempted, an address error trap will be generated. If the error occurred on a read, the instruction underway is
completed; if it occurred on a write, the instruction will be executed but the write will not occur. In either case, a trap is
then executed, allowing the system and/or user to examine the machine state prior to execution of the address Fault.

All byte loads into any W register are loaded into the LSB. The Most Significant Byte (MSB) is not modified.

A Sign-Extend (SE) instruction is provided to allow users to translate 8-bit signed data to 16-bit signed values.
Alternatively, for 16-bit unsigned data, users can clear the MSB of any W register by executing a Zero-Extend (ZE)
instruction on the appropriate address.

Although most instructions are capable of operating on word or byte data sizes, it should be noted that some
instructions operate only on words.

Near Data Space

The 8-Kbyte area, between 0000h and 1FFFh, is referred to as the Near Data Space. Locations in this space are
directly addressable via a 13-bit absolute address field within all memory direct instructions. The remainder of the
Data Space is addressable indirectly. Additionally, the whole Data Space is addressable using MOV instructions,
which support Memory Direct Addressing with a 16-bit address field.

Special Function Register (SFR) Space

The first 2 Kbytes of the Near Data Space, from 0000h to 07FFh, are primarily occupied with Special Function
Registers (SFRs). These are used by the PIC24F core and peripheral modules for controlling the operation of the
device.

SFRs are distributed among the modules that they control and are generally grouped together by module. Much of
the SFR space contains unused addresses; these are read as ‘0’. Each implemented area indicates a 32-byte region
where at least one address is implemented as an SFR.

Interfacing Program and Data Memory Spaces

The PIC24F architecture uses a 24-bit wide program space and 16-bit wide Data Space. The architecture is also
a modified Harvard scheme, meaning that data can also be present in the program space. To use these data
successfully, they must be accessed in a way that preserves the alignment of information in both spaces.

Aside from normal execution, the PIC24F architecture provides two methods by which program space can be
accessed during operation:

» Using table instructions to access individual bytes or words anywhere in the program space

» Remapping a portion of the program space into the Data Space (Program Space Visibility)
Table instructions allow an application to read or write to small areas of the program memory. This makes the method

ideal for accessing data tables that need to be updated from time to time. It also allows access to all bytes of the
program word. The remapping method allows an application to access a large block of data on a read-only basis,
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which is ideal for look-ups from a large table of static data. It can only access the least significant word of the
program word.

Addressing Program Space
Since the address ranges for the data and program spaces are 16 and 24 bits, respectively, a method is needed to

create a 23-bit or 24-bit program address from 16-bit data registers. The solution depends on the interface method to
be used.

For table operations, the 8-bit Table Memory Page Address register (TBLPAG) is used to define a 32K word region
within the program space. This is concatenated with a 16-bit EA to arrive at a full 24-bit program space address. In
this format, the MSBs of TBLPAG are used to determine if the operation occurs in the user memory (TBLPAGI[7] = 0)
or the configuration memory (TBLPAG[7] = 1).

For remapping operations, the 10-bit Extended Data Space Read register (DSRPAG) is used to define a 16K word
page in the program space. When the Most Significant bit (MSb) of the EA is ‘1’, and the MSb (bit 9) of DSRPAG

is ‘1’, the lower eight bits of DSRPAG are concatenated with the lower 15 bits of the EA to form a 23-bit program
space address. The DSRPAGI8] bit decides whether the lower word (when the bit is ‘0’) or the higher word (when the
bitis ‘1’) of program memory is mapped. Unlike table operations, this strictly limits remapping operations to the user
memory area.

Table 5-1 and Figure 5-2 show how the program EA is created for table operations and remapping accesses from the
data EA. Here, P[23:0] refers to a program space word, whereas D[15:0] refers to a Data Space word.

Table 5-1. Program Space Address Construction

Program Space Address

Instruction Access User PC[22:1]
(Code Execution)

0xX XXXX XXXX XXXX XxxX xxx0

TBLRD/TBLWT User TBLPAGJ7:0] Data EA[15:0]
(Byte/Word Read/Write)

0XXX XXXX XXXX XXXX XXXX XXXX

Configuration TBLPAGJ7:0] Data EA[15:0]

1XXX XXXX XXXX XXXX XXXX XXXX
Program Space Visibility User 0 DSRPAG[7:0]@ Data EA[14:0](")
(Block Remap/Read)

0 XXXX XXXX XXX XXXX XXXX XXXX

Notes:
1. Data EA[15] is always ‘1’ in this case, but is not used in calculating the program space address. Bit 15 of the
address is DSRPAGIO0].
2. DSRPAQG[9] is always ‘1’ in this case. DSRPAG[8] decides whether the lower word or higher word of program
memory is read. When DSRPAGI8] is ‘0’, the lower word is read and when it is ‘1’, the higher word is read.
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Figure 5-2. Data Access from Program Space Address Generation
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Notes:
1. DSRPAGI8] acts as word select. DSRPAG[9] should always be ‘1’ to map program memory to data memory.

2. The instructions, TBLRDH/TBLWTH/TBLRDL/TBLWTL, decide if the higher or lower word of program memory is
accessed. TBLRDH/TBLWTH instructions access the higher word and TBLRDL/TBLWTL instructions access the
lower word. Table Read operations are permitted in the configuration memory space.

Data Access from Program Memory Using Table Instructions

The TBLRDL and TBLWTL instructions offer a direct method of reading or writing the lower word of any address within
the program space without going through Data Space. The TBLRDH and TBLWTH instructions are the only method to
read or write the upper eight bits of a program space word as data.

The PC is incremented by two for each successive 24-bit program word. This allows program memory addresses
to directly map to Data Space addresses. Program memory can thus be regarded as two, 16-bit word-wide address
spaces, residing side by side, each with the same address range. TBLRDL and TBLWTL access the space which
contains the least significant data word, and TBLRDH and TBLWTH access the space which contains the upper data
byte.

Two table instructions are provided to move byte or word-sized (16-bit) data to and from program space. Both
function as either byte or word operations.

TBLRDL (Table Read Low): In Word mode, it maps the lower word of the program space location (P[15:0]) to a data
address (D[15:0]).

In Byte mode, either the upper or lower byte of the lower program word is mapped to the lower byte of a data
address. The upper byte is selected when byte select is ‘1’; the lower byte is selected when it is ‘0’.

TBLRDH (Table Read High): In Word mode, it maps the entire upper word of a program address (P[23:16]) to a data
address. Note that D[15:8], the ‘phantom’ byte, will always be ‘0’.
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In Byte mode, it maps the upper or lower byte of the program word to D[7:0] of the data address, as above. Note that
the data will always be ‘0’ when the upper ‘phantom’ byte is selected (byte select = 1).

In a similar fashion, two table instructions, TBLWTH and TBLWTL, are used to write individual bytes or words to a
program space address.

For all table operations, the area of program memory space to be accessed is determined by the Table Memory Page
Address register (TBLPAG). TBLPAG covers the entire program memory space of the device, including user and
configuration spaces. When TBLPAG[7] = 0, the table page is located in the user memory space. When TBLPAGI7] =
1, the page is located in configuration space. The data access using table instructions is shown in Figure 5-3.

Note: Only Table Read operations will execute in the configuration memory space where Device IDs are located.
Table Write operations are not allowed.

Figure 5-3. Access Program Memory with Table Instructions

Program Space

TBLPAG [ Data EA[150] ]
[ o2 ] ~
23 15 0 000000h _ 03 le 8 0

0200001 00000000

| :IL —J [00000000
030000h 00000000

——

‘Phantom’ Byte

N~

TBLRDH.B (Wn[0] = 0)

TBLRDL.B (Wn[0]=1)
TBLRDL.B (Wn[0] = 0)

TBLRDL.W

The address for the table operation is determined by the data EA
within the page defined by the TBLPAG register.

800000h  Only read operations are shown; write operations are also valid in
the user memory area.

Reading Data from Program Memory Using EDS

The upper 32 Kbytes of Data Space may optionally be mapped into any 16K word page of the program space. This
provides transparent access of stored constant data from the Data Space without the need to use special instructions
(i.e., TBLRDL/H).

Program space access through the Data Space occurs when the MSb of EA is ‘1’ and the DSRPAG[9] bit is also
‘1’. The lower eight bits of DSRPAG are concatenated to the Wn[14:0] bits to form a 23-bit EA to access program
memory. The DSRPAG[8] bit decides which word should be addressed; when the bit is ‘0’, it is the lower word and
when ‘1’, the upper word of the program memory is accessed.

The entire program memory is divided into 512 EDS pages, from 200h to 3FFh, each consisting of 16K words of
data. Pages, 200h to 2FFh, correspond to the lower words of the program memory, while 300h to 3FFh correspond to
the upper words of the program memory.

Using this EDS technique, the entire program memory can be accessed. Previously, the access to the upper word of
the program memory was not supported.

Table 5-2 provides the corresponding 23-bit EDS address for program memory with EDS page and source
addresses. EDS access is also explained in Figure 5-4 and Figure 5-5.
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For operations that use PSV and are executed outside a REPEAT loop, the MOV and MOV . D instructions will require
one instruction cycle in addition to the specified execution time. All other instructions will require two instruction
cycles in addition to the specified execution time.

For operations that use PSV, which are executed inside a REPEAT loop, there will be some instances that require two
instruction cycles in addition to the specified execution time of the instruction:

» Execution in the first iteration

« Execution in the last iteration

« Execution prior to exiting the loop due to an interrupt

» Execution upon re-entering the loop after an interrupt is serviced

Any other iteration of the REPEAT loop will allow the instruction accessing data, using PSV, to execute in a single
cycle.

Table 5-2. EDS Program Address with Different Pages and Addresses

DSRPAG . . o
(Data Space Read Source Address while | 23-Bit EA Pointing Comment
Register) Indirect Addressing to EDS
200h 8000h to FFFFh 000000h to 007FFEh | Lower words of 4M program
. . instructions (8 Mbytes) for

read operations only.

2FFh 7F8000h to 7FFFFEhN

300h 000001h to 007FFFh  Upper words of 4M program
. . instructions (4 Mbytes remaining; 4
. . Mbytes are phantom bytes) for read

operations only.
3FFh 7F8001h to 7FFFFFh
000h Invalid Address | Address error trap.()
Note:
1. When the source/destination address is above 8000h and DSRPAG/DSWPAG is ‘0’, an address error trap
will occur.

Example 5-1. EDS Read Code from Program Memory in Assembly

; Set the EDS page from where the data to be read
mov #0x0202, w0

mov w0, DSRPAG ;page 0x202, consisting lower words, is selected for read
mov #0x000A, wl ;select the location (0x0A) to be read
bset wl, #15 ;set the MSB of the base address, enable EDS mode
;Read a byte from the selected location
mov.b [wl++], w2 ;read Low byte
mov.b [wl++], w3 ;read High byte
;Read a word from the selected location
mov [wl], w2 8
;Read Double - word from the selected location
mov.d [wl], w2 ;two word read, stored in w2 and w3
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Figure 5-4. Program Space Visibility Operation to Access Lower Word

When DSRPAG[9:8] = 10 and EA[15] = 1:

Program Space Data Space
DSRPAG 23 15 0
T 000000h
202h . 0000h Data EA[14:0]
; 010000h
1 017FFEh
The data in the page :
designated by DSRPAG |
is mapped into the |
upper half of the data :
memory space.... | 8000h
|
|
I
|
| EDS Window
! ...while the lower
| 15 bits of the EA
| specify an exact
| FFFFh address within the
: EDS area. This corre-
| sponds exactly to the
| same lower 15 bits of
: 7FEFFEh the actual program
space address.
Figure 5-5. Program Space Visibility Operation to Access Upper Word
When DSRPAG[9:8] = 11 and EA[15] = 1:
Program Space Data Space
DSRPAG 23 15 0
T 000000h
302h | 0000h Data EA[14:0]
010001h
017FFFh
The data in the page :
designated by DSRPAG |
is mapped into the I
upper half of the data :
memory space.... | — 8000h
|
|
I
|
I EDS Window
: ...while the lower
| 15 bits of the EA
I specify an exact
: FFFFh address within the
| EDS area. This corre-
| sponds exactly to the
! same lower 15 bits of
: 7FFFFEh the actual program
space address.
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Direct Memory Access Controller (DMA)

Note: This data sheet summarizes the features of the PIC24FJ512GU410 family of devices. It is not intended to

be a comprehensive reference source. To complement the information in this data sheet, refer to “Direct Memory
Access Controller (DMA)” (DS30009742) in the “dsPIC33/PIC24 Family Reference Manual’, which is available from
the Microchip website (www.microchip.com). The information in this data sheet supersedes the information in the
FRM.

The Direct Memory Access (DMA) Controller is designed to service high throughput data peripherals operating on the
SFR bus, allowing them to access data memory directly and alleviating the need for CPU-intensive management. By
allowing these data-intensive peripherals to share their own data path, the main data bus is also deloaded, resulting
in additional power savings.

The DMA Controller functions both as a peripheral and a direct extension of the CPU. It is located on the
microcontroller data bus between the CPU and DMA-enabled peripherals, with direct access to SRAM. This partitions
the SFR bus into two buses, allowing the DMA Controller access to the DMA-capable peripherals located on the

new DMA SFR bus. The controller serves as a Master device on the DMA SFR bus, controlling data flow from
DMA-capable peripherals.

The controller also monitors CPU instruction processing directly, allowing it to be aware of when the CPU requires
access to peripherals on the DMA bus and automatically relinquishing control to the CPU as needed. This increases
the effective bandwidth for handling data without DMA operations causing a processor Stall. This makes the
controller essentially transparent to the user.

The DMA Controller has these features:
» Six Independent and Independently
Programmable Channels
» Concurrent Operation with the CPU (no DMA caused Wait states)
+ DMA Bus Arbitration
* Five Programmable Address modes
» Four Programmable Transfer modes
* Four Flexible Internal Data Transfer modes
» Byte or Word Support for Data Transfer

» 16-Bit Source and Destination Address Register for Each Channel, Dynamically Updated and
Reloadable

* 16-Bit Transaction Count Register, Dynamically Updated and Reloadable
» Upper and Lower Address Limit Registers

» Counter Half-Full Level Interrupt

» Software Triggered Transfer

*  Null Write mode for Symmetric Buffer Operations

A simplified block diagram of the DMA Controller is shown in Figure 6-1.
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Figure 6-1. DMA Functional Block Diagram

CPU Execution Monitoring

To I/O Ports | To DMA-Enabled
and Peripherals I Peripherals
4 ¥
DMACON
Control DMAH
Logic DMAL
DMABUF
Data
Bus )
DMACHO DMACH1 DMACH4 DMACH5
DMAINTO DMAINT1 DMAINT4 DMAINT5
DMASRCO DMASRC1 o oo DMASRC4 DMASRC5
DMADSTO DMADST1 DMADST4 DMADST5
DMACNTO DMACNT1 DMACNT4 DMACNT5
Channel 0 Channel1 e e ¢ Channel4 Channel 5
Data RAM Data RAM

Address Generation

Summary of DMA Operations

The DMA Controller is capable of moving data between addresses according to a number of different parameters.
Each of these parameters can be independently configured for any transaction; in addition, any or all of the DMA
channels can independently perform a different transaction at the same time. Transactions are classified by these
parameters:

» Source and destination (SFRs and data RAM)

» Data size (byte or word)

» Trigger source

» Transfer mode (One-Shot, Repeated or Continuous)

* Addressing modes (Fixed Address or Address Blocks, with or without Address Increment/
Decrement)

In addition, the DMA Controller provides channel priority arbitration for all channels.

Source and Destination

Using the DMA Controller, data may be moved between any two addresses in the Data Space. The SFR space
(0000h to 07FFh), or the data RAM space (0800h to FFFFh), can serve as either the source or the destination.
Data can be moved between these areas in either direction or between addresses in either area. The four different
combinations are shown in Figure 6-2.
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Figure 6-2. Types of DMA Data Transfers

Peripheral to Memory Memory to Peripheral

SFR Area SFR Area
DMASRCn _> DMADSTn
07FFh 07FFh
0800h 0800h

Data RAM Data RAM
DMAL DMAL
DMADSTn DMASRCnR

DMAH DMAH

Peripheral to Peripheral Memory to Memory
SFR Area SFR Area
DMASRCn
I: DMADSTn
07FFh 07FFh
0800h 0800h
Data RAM Data RAM

DMAL DMAL

DMASRCn

DMADSTn

DMAH DMAH

Note: Relative sizes of memory areas are not shown to scale.

If it is necessary to protect areas of data RAM, the DMA Controller allows the user to set upper and lower address
boundaries for operations in the Data Space above the SFR space. The boundaries are set by the DMAH and
DMAL Limit registers. If a DMA channel attempts an operation outside of the address boundaries, the transaction is
terminated and an interrupt is generated.

6.1.2 Data Size

The DMA Controller can handle both 8-bit and 16-bit transactions. Size is user-selectable using the SIZE bit
(DMACHN[1]). By default, each channel is configured for word-sized transactions. When byte-sized transactions
are chosen, the LSb of the source and/or destination address determines if the data represent the upper or lower
byte of the data RAM location.
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Trigger Source

The DMA Controller can use any one of the device’s interrupt sources to initiate a transaction. The triggers for the
DMA channels are selected by the CHSEL[6:0] bits in the DMAINTn registers. The DMA trigger sources are listed in

Table 6-1.

Table 6-1. DMA Trigger Sources

CHSEL][6:0] Trigger (Interrupt) CHSEL][6:0] Trigger (Interrupt)

UART4 Error Interrupt

1 MCCP8 IC/OC Interrupt 62 UART3 TX Interrupt
2 MCCP8 Timer Interrupt 63 UART3 RX Interrupt
3 MCCP7 IC/OC Interrupt 64 UART3 Error Interrupt
4 MCCP7 Timer Interrupt 65 UART2 TX Interrupt
5 MCCP6 IC/OC Interrupt 66 UART2 RX Interrupt
6 MCCP6 Timer Interrupt 67 UART2 Error Interrupt
7 MCCP5 IC/OC Interrupt 68 UART1 TX Interrupt
8 MCCP5 Timer Interrupt 69 UART1 RX Interrupt
g MCCP4 IC/OC Interrupt 70 UART1 Error Interrupt
10 MCCP4 Timer Interrupt 71...74 Reserved
11 MCCP3 IC/OC Interrupt 75 DMACHAS5 Interrupt
12 MCCP3 Timer Interrupt 76 DMACHA4 Interrupt
13 MCCP2 IC/OC Interrupt 77 DMACHAZ3 Interrupt
14 MCCP2 Timer Interrupt 78 DMACHAZ Interrupt
15 MCCP1 IC/OC Interrupt 79 DMACHAT1 Interrupt
16 MCCP1 Timer Interrupt 80 DMACHAQO Interrupt
17 ... 28 Reserved 81 ADC Interrupt
29 SPI14 Receive Interrupt 82 USB Interrupt
30 SPI4 Transmit Interrupt 83 Reserved
31 SPI14 General Interrupt 84 HLVD Interrupt
32 SPI3 Receive Interrupt 85 CRC Interrupt
33 SPI3 Transmit Interrupt 86 LCD Interrupt
34 SPI3 General Interrupt 87 LCD Automation Interrupt
35 SPI2 Receive Interrupt 88 Reserved
36 SPI2 Transmit Interrupt 89 CLC4 Out
37 SPI2 General Interrupt 90 CLC3 Out
38 SPI1 Receive Interrupt 91 CLC2 Out
39 SPI1 Transmit Interrupt 92 CLC1 Out
40 SPI1 General Interrupt 93 Reserved
41 ...43 Reserved 94 RTCC Alarm Interrupt
44 I12C3 Slave Interrupt 95 TMRS Interrupt
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........... continued
I12C3 Master Interrupt TMR4 Interrupt
46 I12C3 Collision Interrupt 97 TMRS Interrupt
47 I12C2 Slave Interrupt 98 TMR2 Interrupt
48 12C2 Master Interrupt 99 TMR1 Interrupt
49 12C2 Collision Interrupt 100 Reserved
50 I12C1 Slave Interrupt 101 DAC1 Interrupt
51 12C1 Master Interrupt 102 Reserved
52 12C1 Collision Interrupt 103 Comparator Interrupt
53 UART®6 TX Interrupt 104 INT4 Interrupt
54 UART6 RX Interrupt 105 INT3 Interrupt
55 UART®6 Error Interrupt 106 INT2 Interrupt
56 UARTS5 TX Interrupt 107 INT1 Interrupt
57 UARTS5 RX Interrupt 108 INTO Interrupt
58 UARTS5 Error Interrupt 109 Interrupt-on-Change (IOC)
59 UART4 TX Interrupt 110 ... 127 Reserved
60 UART4 RX Interrupt

Since the source and destination addresses for any transaction can be programmed independently of the trigger
source, the DMA Controller can use any trigger to perform an operation on any peripheral. This also allows DMA
channels to be cascaded to perform more complex transfer operations.

Transfer Mode
The DMA Controller supports four types of data transfers, based on the volume of data to be moved for each trigger.

* One-Shot: A single transaction occurs for each trigger.

» Continuous: A series of back-to-back transactions occur for each trigger; the number of transactions is
determined by the DMACNTR transaction counter.

* Repeated One-Shot: A single transaction is performed repeatedly, once per trigger, until the DMA channel is
disabled.

* Repeated Continuous: A series of transactions are performed repeatedly, one cycle per trigger, until the DMA
channel is disabled.

All transfer modes allow the option to have the source and destination addresses, and counter value automatically
reloaded after the completion of a transaction. Repeated mode transfers do this automatically.

Addressing Modes
The DMA Controller also supports transfers between single addresses or address ranges. The four basic options are:

» Fixed-to-Fixed: Between two constant addresses

» Fixed-to-Block: From a constant source address to a range of destination addresses

» Block-to-Fixed: From a range of source addresses to a single, constant destination address
» Block-to-Block: From a range of source addresses to a range of destination addresses

The option to select auto-increment or auto-decrement of source and/or destination addresses is available for Block
Addressing modes.

In addition to the four basic modes, the DMA Controller also supports Peripheral Indirect Addressing (PIA) mode,
where the source or destination address is generated jointly by the DMA Controller and a PIA-capable peripheral.

© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 113
and its subsidiaries



6.2

6.3

PIC24FJ512GU410 Family Data Sheet
Direct Memory Access Controller (DMA)

When enabled, the DMA channel provides a base source and/or destination address, while the peripheral provides a
fixed range offset address.

For PIC24FJ512GU410 family devices, the 12-bit A/D Converter module is the only PIA-capable peripheral. Details
for its use in PIA mode are provided in 22. 12-Bit A/D Converter with Threshold Detect.

Channel Priority

Each DMA channel functions independently of the others, but also competes with the others for access to the
data and DMA buses. When access collisions occur, the DMA Controller arbitrates between the channels using a
user-selectable priority scheme. Two schemes are available:

* Round Robin: When two or more channels collide, the lower numbered channel receives
priority on the first collision. On subsequent collisions, the higher numbered channels each receive priority
based on their channel number.

» Fixed: When two or more channels collide, the lowest numbered channel always receives
priority, regardless of past history; however, any channel being actively processed is not available for an
immediate retrigger. If a higher priority channel is continually requesting service, it will be scheduled for service
after the next lower priority channel with a pending request.

Typical Setup
To set up a DMA channel for a basic data transfer:

1. Enable the DMA Controller (DMAEN = 1) and select an appropriate channel priority scheme by setting or
clearing PRSSEL.

2. Program DMAH and DMAL with the appropriate upper and lower address boundaries for data RAM
operations.

3. Select the DMA channel to be used and disable its operation (CHEN = 0).

4. Program the appropriate source and destination addresses for the transaction into the channel’s DMASRCn
and DMADSTNn registers. For PIA mode addressing, use the base address value.

5. Program the DMACNTN register for the number of triggers per transfer (One-Shot or Continuous modes) or
the number of words (bytes) to be transferred (Repeated modes).

Set or clear the SIZE bit to select the data size.

Program the TRMODE]1:0] bits to select the Data Transfer mode.

Program the SAMODE][1:0] and DAMODE([1:0] bits to select the addressing mode.
Enable the DMA channel by setting CHEN.

0. Enable the trigger source interrupt.

2 ©®NOo

Peripheral Module Disable

Unlike other peripheral modules, the channels of the DMA Controller cannot be individually powered down using
the Peripheral Module Disable (PMD) registers. Instead, the channels are controlled as two groups. The DMAO3MD
bit (PMD7[4]) selectively controls DMACHO through DMACH3. The DMA45MD bit (PMD7[5]) controls DMACH4 and
DMACHS. Setting both bits effectively disables the DMA Controller.
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DMA Registers

I I = 2 I RN AN (N I I

0x00
OXOI;iC3
0x04C4
0x04C6
0x04C8
0x04CA
0x04CC
0x04CE
0x04D0
0x04D2
0x04D4
0x04D6
0x04D8
0x04DA
0x04DC
0x04DE
0x04E0
0x04E2
0x04E4
0x04E6
0x04E8
O0x04EA
0x04EC
0x04EE
0x04F0
0x04F2
0x04F4

0x04F6

Reserved
7:0 PRSSEL
DMACON
15:8 DMAEN
DMABUF 7:0 DMABUF[7:0]
15:8 DMABUF[15:8]
7:0 LADDRJ[7:0]
DMAL
15:8 LADDRJ[15:8]
DMAH 7:0 HADDR[7:0]
15:8 HADDR[15:8]
DMACHO 7:0 SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
15:8 Reserved NULLW RELOAD CHREQ
DMAINTO 7:0 HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
15:8 DBUFWF CHSEL[6:0]
7:0 SADDR][7:0]
DMASRCO
15:8 SADDR[15:8]
DMADSTO 7:0 DADDR[7:0]
15:8 DADDR[15:8]
7:0 CNT[7:0]
DMACNTO
15:8 CNT[15:8]
DMACH1 7:0 SAMODE[1:0] DAMODE([1:0] TRMODE[1:0] SIZE CHEN
15:8 Reserved NULLW RELOAD CHREQ
DMAINT1 7:0 HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
15:8 DBUFWF CHSEL[6:0]
DMASRC1 7:0 SADDR([7:0]
15:8 SADDR[15:8]
7:0 DADDR[7:0]
DMADST1
15:8 DADDR[15:8]
DMACNT1 7:0 CNT[7:0]
15:8 CNT[15:8]
DMACH2 7:0 SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
15:8 Reserved NULLW RELOAD CHREQ
DMAINT2 7:0 HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
15:8 DBUFWF CHSEL[6:0]
7:0 SADDR][7:0]
DMASRC2
15:8 SADDR[15:8]
DMADST2 7:0 DADDR[7:0]
15:8 DADDR[15:8]
7:0 CNT[7:0]
DMACNT2
15:8 CNT[15:8]
DMACH3 7:0 SAMODE[1:0] DAMODE([1:0] TRMODE[1:0] SIZE CHEN
15:8 Reserved NULLW RELOAD CHREQ
7:0 HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
DMAINT3
15:8 DBUFWF CHSEL[6:0]
DMASRC3 7:0 SADDR([7:0]
15:8 SADDR[15:8]
7:0 DADDR[7:0]
DMADST3
15:8 DADDR[15:8]
DMACNT3 7:0 CNT[7:0]
15:8 CNT[15:8]
DMACH4 7:0 SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
15:8 Reserved NULLW RELOAD CHREQ
DMAINT4 7:0 HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
15:8 DBUFWF CHSEL[6:0]
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........... continued

(e mw Jams] 7 [ o [ & [ < [ s & |9 [ o]
7:0

SADDR[7:0]
0x04F8 DMASRC4
15:8 SADDR][15:8]
7:0 DADDR(7:0]
Ox04FA DMADST4
15:8 DADDR[15:8]
7: :
0x04FC DMACNT4 0 CNTI7:0]
15:8 CNT[15:8]
7:0 SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
0x04FE DMACH5
15:8 Reserved NULLW RELOAD CHREQ
7: HI
0x0500 DMAINTS 0 GHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
15:8 DBUFWF CHSEL[6:0]
7:0 SADDR[7:0]
0x0502 DMASRC5
15:8 SADDR[15:8]
7:0 DADDR(7:0]
0x0504 DMADST5
15:8 DADDR[15:8]
0x0506 DMACNT5 70 CNTI7:0]
15:8 CNT[15:8]
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6.4.1 DMA Engine Control Register

Name: DMACON
Offset: 0x4C4
Bit 15 14 13 12 11 10 9 8
DMAEN
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
PRSSEL
Access R/W
Reset 0

Bit 15— DMAEN DMA Module Enable bit

Value Description

1 Enables module

0 Disables module and terminates all active DMA operation(s)

Bit 0 —- PRSSEL Channel Priority Scheme Selection bit

Value Description

1 Round robin scheme
0 Fixed priority scheme
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6.4.2 DMA Buffer Register

Name: DMABUF
Offset: 0x4C6
Bit 15 14 13 12 1" 10 9 8
DMABUF[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DMABUFI[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - DMABUF[15:0] DMA Buffer bits
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6.4.3 DMA Low Address Limit Register

Name: DMAL
Offset: 0x4C8
Bit 15 14 13 12 1" 10 9 8
LADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LADDR([7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - LADDR[15:0] DMA Low Address Limit bits
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6.4.4 DMA High Address Limit Register

Name: DMAH
Offset: 0x4CA
Bit 15 14 13 12 1" 10 9 8
HADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - HADDR[15:0] DMA High Address Limit bits
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6.4.5 DMA Channel 0 Control Register
Name: DMACHO
Offset: 0x4CC
Notes:
1. Only the original DMACNTO is required to be stored to recover the original DMASRCO and DMADSTO values.
2. DMACNTO will always be reloaded in Repeated mode transfers, regardless of the state of the RELOAD bit.
3. The number of transfers executed while CHREQ is set depends on the configuration of TRMODE[1:0].
Legend: r = Reserved bit
Bit 15 14 13 12 1 10 9 8
| | | Reserved NULLW RELOAD CHREQ |
Access r R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 12 — Reserved Maintain as ‘0.

Bit 10 — NULLW Null Write Mode bit

Value Description
1 A dummy write is initiated to DMASRCO for every write to DMADSTO
0 No dummy write is initiated

Bit 9 - RELOAD Address and Count Reload bit(")

1 DMASRCO0, DMADSTO and DMACNTO registers are reloaded to their previous values upon the start of
the next operation
0 DMASRCO, DMADSTO and DMACNTO are not reloaded on the start of the next operation(2)

Bit 8 - CHREQ DMA Channel Software Request bit(3)

Value Description
1 A DMA request is initiated by software; automatically cleared upon completion of a DMA transfer
0 No DMA request is pending

Bits 7:6 — SAMODE[1:0] Source Address Mode Selection bits

11 Reserved

10 DMASRCO is decremented based on the SIZE bit after a transfer completion
01 DMASRCO is incremented based on the SIZE bit after a transfer completion
00 DMASRCO remains unchanged after a transfer completion

Bits 5:4 - DAMODE[1:0] Destination Address Mode Selection bits

11 DMADSTO is used in Peripheral Indirect Addressing and remains unchanged
10 DMADSTO is decremented based on the SIZE bit after a transfer completion
01 DMADSTO is incremented based on the SIZE bit after a transfer completion
00 DMADSTO remains unchanged after a transfer completion

Bits 3:2 - TRMODE[1:0] Transfer Mode Selection bits
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11 Repeated Continuous mode
10 Continuous mode

01 Repeated One-Shot mode
00 One-Shot mode

Bit 1 — SIZE Data Size Selection bit

Value Description

1 Byte (8-bit)

0 Word (16-bit)
Bit 0 - CHEN DMA Channel Enable bit

Value Description

1 The corresponding channel is enabled

0 The corresponding channel is disabled
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6.4.6 DMA Channel 0 Interrupt Register
Name: DMAINTO
Offset: 0x4CE
Notes:
1. Setting these flags in software does not generate an interrupt.
2. Testing for address limit violations (DMASRCO or DMADSTO is either greater than DMAH or less than DMAL)
is NOT done before the actual access.
Bit 15 14 13 12 1 10 9 8
DBUFWF | CHSEL[6:0]
Access R R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 - DBUFWF DMA Buffered Data Write Flag bit(")

1 The content of the DMA buffer has not been written to the location specified in DMADSTO or
DMASRCO in Null Write mode
0 The content of the DMA buffer has been written to the location specified in DMADSTO or DMASRCO in

Null Write mode

Bits 14:8 — CHSEL[6:0] DMA Channel Trigger Selection bits
See Table 6-1 for a complete list.

Bit 7 — HIGHIF DMA High Address Limit Interrupt Flag bit(1:2)
Value Description

1 The DMA channel has attempted to access an address higher than DMAH or the upper limit of the data
RAM space
0 The DMA channel has not invoked the high address limit interrupt

Bit 6 — LOWIF DMA Low Address Limit Interrupt Flag bit(1:2)

1 The DMA channel has attempted to access the DMA SFR address lower than DMAL, but above the
SFR range (07FFh)
0 The DMA channel has not invoked the low address limit interrupt

Bit 5— DONEIF DMA Complete Operation Interrupt Flag bit(1

If CHEN = 1:

1 The previous DMA session has ended with completion

0 The current DMA session has not yet completed

If CHEN = 0:

1 The previous DMA session has ended with completion

0 The previous DMA session has ended without completion

Bit 4 — HALFIF DMA 50% Watermark Level Interrupt Flag bit(")
Value Description

1 DMACNTO has reached the halfway point to 0000h
0 DMACNTO has not reached the halfway point
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Bit 3 - OVRUNIF DMA Channel Overrun Flag bit("

Value Description
1 The DMA channel is triggered while it’s still completing the operation based on the previous trigger
0 The overrun condition has not occurred

Bit 0 — HALFEN Halfway Completion Watermark bit

Value Description
1 Interrupts are invoked when DMACNTO has reached its halfway point and at completion
0 An interrupt is invoked only at the completion of the transfer
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6.4.7 DMA Data Source Address Pointer 0 Register

Name: DMASRCO
Offset: 0x4DO0
Bit 15 14 13 12 1" 10 9 8
SADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- SADDR[15:0] DMA Data Source Address Pointer bits
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6.4.8 DMA Data Source Address Pointer 0 Register

Name: DMADSTO
Offset: 0x4D2
Bit 15 14 13 12 1" 10 9 8
DADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DADDR[15:0] DMA Data Destination Address Pointer bits
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6.4.9 DMA Transaction Counter 0 Register

Name: DMACNTO
Offset: 0x4D4
Bit 15 14 13 12 1" 10 9 8
CNTI[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CNT[15:0] DMA Transaction Counter bits
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6.4.10 DMA Channel 1 Control Register
Name: DMACH1
Offset: 0x4D6
Notes:
1. Only the original DMACNT1 is required to be stored to recover the original DMASRC1 and DMADST1 values.
2. DMACNT1 will always be reloaded in Repeated mode transfers, regardless of the state of the RELOAD bit.
3. The number of transfers executed while CHREQ is set depends on the configuration of TRMODE[1:0].
Legend: r = Reserved bit
Bit 15 14 13 12 1 10 9 8
| | | Reserved NULLW RELOAD CHREQ |
Access r R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 12 — Reserved Maintain as ‘0.

Bit 10 — NULLW Null Write Mode bit

Value Description
1 A dummy write is initiated to DMASRC1 for every write to DMADST1
0 No dummy write is initiated

Bit 9 - RELOAD Address and Count Reload bit(")

1 DMASRC1, DMADST1 and DMACNT1 registers are reloaded to their previous values upon the start of
the next operation
0 DMASRC1, DMADST1 and DMACNT1 are not reloaded on the start of the next operation(?)

Bit 8 - CHREQ DMA Channel Software Request bit(3)

Value Description
1 A DMA request is initiated by software; automatically cleared upon completion of a DMA transfer
0 No DMA request is pending

Bits 7:6 — SAMODE[1:0] Source Address Mode Selection bits

11 Reserved

10 DMASRCH1 is decremented based on the SIZE bit after a transfer completion
01 DMASRCH1 is incremented based on the SIZE bit after a transfer completion
00 DMASRC1 remains unchanged after a transfer completion

Bits 5:4 - DAMODE[1:0] Destination Address Mode Selection bits

11 DMADST1 is used in Peripheral Indirect Addressing and remains unchanged
10 DMADST1 is decremented based on the SIZE bit after a transfer completion
01 DMADST1 is incremented based on the SIZE bit after a transfer completion
00 DMADST1 remains unchanged after a transfer completion

Bits 3:2 - TRMODE[1:0] Transfer Mode Selection bits
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11 Repeated Continuous mode
10 Continuous mode

01 Repeated One-Shot mode
00 One-Shot mode

Bit 1 — SIZE Data Size Selection bit

Value Description

1 Byte (8-bit)

0 Word (16-bit)
Bit 0 - CHEN DMA Channel Enable bit

Value Description

1 The corresponding channel is enabled

0 The corresponding channel is disabled

© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 129

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet
Direct Memory Access Controller (DMA)

6.4.11 DMA Channel 1 Interrupt Register
Name: DMAINT1
Offset: 0x4D8
Notes:
1. Setting these flags in software does not generate an interrupt.
2. Testing for address limit violations (DMASRC1 or DMADST1 is either greater than DMAH or less than DMAL)
is NOT done before the actual access.
Bit 15 14 13 12 1 10 9 8
DBUFWF | CHSEL[6:0]
Access R R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 - DBUFWF DMA Buffered Data Write Flag bit(")

1 The content of the DMA buffer has not been written to the location specified in DMADST1 or
DMASRCH1 in Null Write mode
0 The content of the DMA buffer has been written to the location specified in DMADST1 or DMASRC1 in

Null Write mode

Bits 14:8 — CHSEL[6:0] DMA Channel Trigger Selection bits
See Table 6-1 for a complete list.

Bit 7 — HIGHIF DMA High Address Limit Interrupt Flag bit(1:2)
Value Description

1 The DMA channel has attempted to access an address higher than DMAH or the upper limit of the data
RAM space
0 The DMA channel has not invoked the high address limit interrupt

Bit 6 — LOWIF DMA Low Address Limit Interrupt Flag bit(1:2)

1 The DMA channel has attempted to access the DMA SFR address lower than DMAL, but above the
SFR range (07FFh)
0 The DMA channel has not invoked the low address limit interrupt

Bit 5— DONEIF DMA Complete Operation Interrupt Flag bit(1

If CHEN = 1:

1 The previous DMA session has ended with completion

0 The current DMA session has not yet completed

If CHEN = 0:

1 The previous DMA session has ended with completion

0 The previous DMA session has ended without completion

Bit 4 — HALFIF DMA 50% Watermark Level Interrupt Flag bit(")
Value Description

1 DMACNT1 has reached the halfway point to 0000h
0 DMACNT1 has not reached the halfway point
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 130

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet
Direct Memory Access Controller (DMA)

Bit 3 - OVRUNIF DMA Channel Overrun Flag bit("

Value Description
1 The DMA channel is triggered while it’s still completing the operation based on the previous trigger
0 The overrun condition has not occurred

Bit 0 — HALFEN Halfway Completion Watermark bit

Value Description
1 Interrupts are invoked when DMACNT1 has reached its halfway point and at completion
0 An interrupt is invoked only at the completion of the transfer
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6.4.12 DMA Data Source Address Pointer 1 Register

Name: DMASRC1
Offset: 0x4DA
Bit 15 14 13 12 1" 10 9 8
SADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- SADDR[15:0] DMA Data Source Address Pointer bits
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6.4.13 DMA Data Source Address Pointer 1 Register

Name: DMADST1
Offset: 0x4DC
Bit 15 14 13 12 1" 10 9 8
DADDR][15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DADDR[15:0] DMA Data Destination Address Pointer bits
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6.4.14 DMA Transaction Counter 1 Register

Name: DMACNT1
Offset: 0x4DE
Bit 15 14 13 12 1" 10 9 8
CNT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CNT[15:0] DMA Transaction Counter bits
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6.4.15 DMA Channel 2 Control Register
Name: DMACH2
Offset: Ox4EO
Notes:
1. Only the original DMACNT?2 is required to be stored to recover the original DMASRC2 and DMADST2 values.
2. DMACNT?2 will always be reloaded in Repeated mode transfers, regardless of the state of the RELOAD bit.
3. The number of transfers executed while CHREQ is set depends on the configuration of TRMODE[1:0].
Legend: r = Reserved bit
Bit 15 14 13 12 1 10 9 8
| | | Reserved NULLW RELOAD CHREQ |
Access r R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 12 — Reserved Maintain as ‘0.

Bit 10 — NULLW Null Write Mode bit

Value Description
1 A dummy write is initiated to DMASRC2 for every write to DMADST2
0 No dummy write is initiated

Bit 9 - RELOAD Address and Count Reload bit(")

1 DMASRC2, DMADST2 and DMACNT2 registers are reloaded to their previous values upon the start of
the next operation
0 DMASRC2, DMADST2 and DMACNT?2 are not reloaded on the start of the next operation(2)

Bit 8 - CHREQ DMA Channel Software Request bit(3)

Value Description
1 A DMA request is initiated by software; automatically cleared upon completion of a DMA transfer
0 No DMA request is pending

Bits 7:6 — SAMODE[1:0] Source Address Mode Selection bits

11 Reserved

10 DMASRC?2 is decremented based on the SIZE bit after a transfer completion
01 DMASRC?2 is incremented based on the SIZE bit after a transfer completion
00 DMASRC2 remains unchanged after a transfer completion

Bits 5:4 - DAMODE[1:0] Destination Address Mode Selection bits

11 DMADST2 is used in Peripheral Indirect Addressing and remains unchanged
10 DMADST?2 is decremented based on the SIZE bit after a transfer completion
01 DMADST2 is incremented based on the SIZE bit after a transfer completion
00 DMADST2 remains unchanged after a transfer completion

Bits 3:2 - TRMODE[1:0] Transfer Mode Selection bits
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11 Repeated Continuous mode
10 Continuous mode

01 Repeated One-Shot mode
00 One-Shot mode

Bit 1 — SIZE Data Size Selection bit

Value Description

1 Byte (8-bit)

0 Word (16-bit)
Bit 0 - CHEN DMA Channel Enable bit

Value Description

1 The corresponding channel is enabled

0 The corresponding channel is disabled
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6.4.16 DMA Channel 2 Interrupt Register
Name: DMAINT2
Offset: Ox4E2
Notes:
1. Setting these flags in software does not generate an interrupt.
2. Testing for address limit violations (DMASRC2 or DMADST?2 is either greater than DMAH or less than DMAL)
is NOT done before the actual access.
Bit 15 14 13 12 1 10 9 8
DBUFWF | CHSEL[6:0]
Access R R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 - DBUFWF DMA Buffered Data Write Flag bit(")

1 The content of the DMA buffer has not been written to the location specified in DMADST2 or
DMASRC2 in Null Write mode
0 The content of the DMA buffer has been written to the location specified in DMADST2 or DMASRC2 in

Null Write mode

Bits 14:8 — CHSEL[6:0] DMA Channel Trigger Selection bits
See Table 6-1 for a complete list.

Bit 7 — HIGHIF DMA High Address Limit Interrupt Flag bit(1:2)
Value Description

1 The DMA channel has attempted to access an address higher than DMAH or the upper limit of the data
RAM space
0 The DMA channel has not invoked the high address limit interrupt

Bit 6 — LOWIF DMA Low Address Limit Interrupt Flag bit(1:2)

1 The DMA channel has attempted to access the DMA SFR address lower than DMAL, but above the
SFR range (07FFh)
0 The DMA channel has not invoked the low address limit interrupt

Bit 5— DONEIF DMA Complete Operation Interrupt Flag bit(1

If CHEN = 1:

1 The previous DMA session has ended with completion

0 The current DMA session has not yet completed

If CHEN = 0:

1 The previous DMA session has ended with completion

0 The previous DMA session has ended without completion

Bit 4 — HALFIF DMA 50% Watermark Level Interrupt Flag bit(")
Value Description

1 DMACNT2 has reached the halfway point to 0000h
0 DMACNT2 has not reached the halfway point
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Bit 3 - OVRUNIF DMA Channel Overrun Flag bit("

Value Description
1 The DMA channel is triggered while it’s still completing the operation based on the previous trigger
0 The overrun condition has not occurred

Bit 0 — HALFEN Halfway Completion Watermark bit

Value Description
1 Interrupts are invoked when DMACNT2 has reached its halfway point and at completion
0 An interrupt is invoked only at the completion of the transfer
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6.4.17 DMA Data Source Address Pointer 2 Register

Name: DMASRC2
Offset: Ox4E4
Bit 15 14 13 12 1" 10 9 8
SADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- SADDR[15:0] DMA Data Source Address Pointer bits
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6.4.18 DMA Data Source Address Pointer 2 Register

Name: DMADST2
Offset: Ox4E6
Bit 15 14 13 12 1" 10 9 8
DADDR][15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DADDR[15:0] DMA Data Destination Address Pointer bits
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6.4.19 DMA Transaction Counter 2 Register

Name: DMACNT2
Offset: Ox4E8
Bit 15 14 13 12 1" 10 9 8
CNT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CNT[15:0] DMA Transaction Counter bits
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6.4.20 DMA Channel 3 Control Register
Name: DMACH3
Offset: Ox4EA
Notes:
1. Only the original DMACNTS is required to be stored to recover the original DMASRC3 and DMADST3 values.
2. DMACNTS3 will always be reloaded in Repeated mode transfers, regardless of the state of the RELOAD bit.
3. The number of transfers executed while CHREQ is set depends on the configuration of TRMODE[1:0].
Legend: r = Reserved bit
Bit 15 14 13 12 1 10 9 8
| | | Reserved NULLW RELOAD CHREQ |
Access r R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 12 — Reserved Maintain as ‘0.

Bit 10 — NULLW Null Write Mode bit

Value Description
1 A dummy write is initiated to DMASRCS3 for every write to DMADST3
0 No dummy write is initiated

Bit 9 - RELOAD Address and Count Reload bit(")

1 DMASRC3, DMADST3 and DMACNTS3 registers are reloaded to their previous values upon the start of
the next operation
0 DMASRC3, DMADST3 and DMACNTS3 are not reloaded on the start of the next operation(?)

Bit 8 - CHREQ DMA Channel Software Request bit(3)

Value Description
1 A DMA request is initiated by software; automatically cleared upon completion of a DMA transfer
0 No DMA request is pending

Bits 7:6 — SAMODE[1:0] Source Address Mode Selection bits

11 Reserved

10 DMASRC3 is decremented based on the SIZE bit after a transfer completion
01 DMASRCS3 is incremented based on the SIZE bit after a transfer completion
00 DMASRC3 remains unchanged after a transfer completion

Bits 5:4 - DAMODE[1:0] Destination Address Mode Selection bits

11 DMADSTS is used in Peripheral Indirect Addressing and remains unchanged
10 DMADSTS3 is decremented based on the SIZE bit after a transfer completion
01 DMADST3 is incremented based on the SIZE bit after a transfer completion
00 DMADST3 remains unchanged after a transfer completion

Bits 3:2 - TRMODE[1:0] Transfer Mode Selection bits
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11 Repeated Continuous mode
10 Continuous mode

01 Repeated One-Shot mode
00 One-Shot mode

Bit 1 — SIZE Data Size Selection bit

Value Description

1 Byte (8-bit)

0 Word (16-bit)
Bit 0 - CHEN DMA Channel Enable bit

Value Description

1 The corresponding channel is enabled

0 The corresponding channel is disabled
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6.4.21 DMA Channel 3 Interrupt Register
Name: DMAINT3
Offset: Ox4EC
Notes:
1. Setting these flags in software does not generate an interrupt.
2. Testing for address limit violations (DMASRC3 or DMADSTS3 is either greater than DMAH or less than DMAL)
is NOT done before the actual access.
Bit 15 14 13 12 1 10 9 8
DBUFWF | CHSEL[6:0]
Access R R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 - DBUFWF DMA Buffered Data Write Flag bit(")

1 The content of the DMA buffer has not been written to the location specified in DMADST3 or
DMASRC3 in Null Write mode
0 The content of the DMA buffer has been written to the location specified in DMADST3 or DMASRC3 in

Null Write mode

Bits 14:8 — CHSEL[6:0] DMA Channel Trigger Selection bits
See Table 6-1 for a complete list.

Bit 7 — HIGHIF DMA High Address Limit Interrupt Flag bit(1:2)
Value Description

1 The DMA channel has attempted to access an address higher than DMAH or the upper limit of the data
RAM space
0 The DMA channel has not invoked the high address limit interrupt

Bit 6 — LOWIF DMA Low Address Limit Interrupt Flag bit(1:2)

1 The DMA channel has attempted to access the DMA SFR address lower than DMAL, but above the
SFR range (07FFh)
0 The DMA channel has not invoked the low address limit interrupt

Bit 5— DONEIF DMA Complete Operation Interrupt Flag bit(1

If CHEN = 1:

1 The previous DMA session has ended with completion

0 The current DMA session has not yet completed

If CHEN = 0:

1 The previous DMA session has ended with completion

0 The previous DMA session has ended without completion

Bit 4 — HALFIF DMA 50% Watermark Level Interrupt Flag bit(")
Value Description

1 DMACNT3 has reached the halfway point to 0000h
0 DMACNT3 has not reached the halfway point
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Bit 3 - OVRUNIF DMA Channel Overrun Flag bit("

Value Description
1 The DMA channel is triggered while it’s still completing the operation based on the previous trigger
0 The overrun condition has not occurred

Bit 0 — HALFEN Halfway Completion Watermark bit

Value Description
1 Interrupts are invoked when DMACNT3 has reached its halfway point and at completion
0 An interrupt is invoked only at the completion of the transfer
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6.4.22 DMA Data Source Address Pointer 3 Register

Name: DMASRC3
Offset: Ox4EE
Bit 15 14 13 12 1" 10 9 8
SADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SADDR([7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- SADDR[15:0] DMA Data Source Address Pointer bits

© 2019-2021 Microchip Technology Inc.

and its subsidiaries

Datasheet

DS30010203D-page 146



PIC24FJ512GU410 Family Data Sheet
Direct Memory Access Controller (DMA)

6.4.23 DMA Data Source Address Pointer 3 Register

Name: DMADST3
Offset: 0x4FO0
Bit 15 14 13 12 1" 10 9 8
DADDR][15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DADDR[15:0] DMA Data Destination Address Pointer bits
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6.4.24 DMA Transaction Counter 3 Register

Name: DMACNT3
Offset: Ox4F2
Bit 15 14 13 12 1" 10 9 8
CNT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CNT[15:0] DMA Transaction Counter bits
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6.4.25 DMA Channel 4 Control Register
Name: DMACH4
Offset: Ox4F4
Notes:
1. Only the original DMACNT4 is required to be stored to recover the original DMASRC4 and DMADST4 values.
2. DMACNT4 will always be reloaded in Repeated mode transfers, regardless of the state of the RELOAD bit.
3. The number of transfers executed while CHREQ is set depends on the configuration of TRMODE[1:0].
Legend: r = Reserved bit
Bit 15 14 13 12 1 10 9 8
| | | Reserved NULLW RELOAD CHREQ |
Access r R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 12 — Reserved Maintain as ‘0.

Bit 10 — NULLW Null Write Mode bit

Value Description
1 A dummy write is initiated to DMASRC4 for every write to DMADST4
0 No dummy write is initiated

Bit 9 - RELOAD Address and Count Reload bit(")

1 DMASRC4, DMADST4 and DMACNT4 registers are reloaded to their previous values upon the start of
the next operation
0 DMASRC4, DMADST4 and DMACNT4 are not reloaded on the start of the next operation(2)

Bit 8 - CHREQ DMA Channel Software Request bit(3)

Value Description
1 A DMA request is initiated by software; automatically cleared upon completion of a DMA transfer
0 No DMA request is pending

Bits 7:6 — SAMODE[1:0] Source Address Mode Selection bits

11 Reserved

10 DMASRC4 is decremented based on the SIZE bit after a transfer completion
01 DMASRC4 is incremented based on the SIZE bit after a transfer completion
00 DMASRC4 remains unchanged after a transfer completion

Bits 5:4 - DAMODE[1:0] Destination Address Mode Selection bits

11 DMADST4 is used in Peripheral Indirect Addressing and remains unchanged
10 DMADST4 is decremented based on the SIZE bit after a transfer completion
01 DMADST4 is incremented based on the SIZE bit after a transfer completion
00 DMADST4 remains unchanged after a transfer completion

Bits 3:2 - TRMODE[1:0] Transfer Mode Selection bits
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11 Repeated Continuous mode
10 Continuous mode

01 Repeated One-Shot mode
00 One-Shot mode

Bit 1 — SIZE Data Size Selection bit

Value Description

1 Byte (8-bit)

0 Word (16-bit)
Bit 0 - CHEN DMA Channel Enable bit

Value Description

1 The corresponding channel is enabled

0 The corresponding channel is disabled

© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 150

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet
Direct Memory Access Controller (DMA)

6.4.26 DMA Channel 4 Interrupt Register
Name: DMAINT4
Offset: O0x4F6
Notes:
1. Setting these flags in software does not generate an interrupt.
2. Testing for address limit violations (DMASRC4 or DMADST4 is either greater than DMAH or less than DMAL)
is NOT done before the actual access.
Bit 15 14 13 12 1 10 9 8
DBUFWF | CHSEL[6:0]
Access R R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 - DBUFWF DMA Buffered Data Write Flag bit(")

1 The content of the DMA buffer has not been written to the location specified in DMADST4 or
DMASRC4 in Null Write mode
0 The content of the DMA buffer has been written to the location specified in DMADST4 or DMASRC4 in

Null Write mode

Bits 14:8 — CHSEL[6:0] DMA Channel Trigger Selection bits
See Table 6-1 for a complete list.

Bit 7 — HIGHIF DMA High Address Limit Interrupt Flag bit(1:2)
Value Description

1 The DMA channel has attempted to access an address higher than DMAH or the upper limit of the data
RAM space
0 The DMA channel has not invoked the high address limit interrupt

Bit 6 — LOWIF DMA Low Address Limit Interrupt Flag bit(1:2)

1 The DMA channel has attempted to access the DMA SFR address lower than DMAL, but above the
SFR range (07FFh)
0 The DMA channel has not invoked the low address limit interrupt

Bit 5— DONEIF DMA Complete Operation Interrupt Flag bit(1

If CHEN = 1:

1 The previous DMA session has ended with completion

0 The current DMA session has not yet completed

If CHEN = 0:

1 The previous DMA session has ended with completion

0 The previous DMA session has ended without completion

Bit 4 — HALFIF DMA 50% Watermark Level Interrupt Flag bit(")
Value Description

1 DMACNT4 has reached the halfway point to 0000h
0 DMACNT4 has not reached the halfway point
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Bit 3 - OVRUNIF DMA Channel Overrun Flag bit("

Value Description
1 The DMA channel is triggered while it’s still completing the operation based on the previous trigger
0 The overrun condition has not occurred

Bit 0 — HALFEN Halfway Completion Watermark bit

Value Description
1 Interrupts are invoked when DMACNT4 has reached its halfway point and at completion
0 An interrupt is invoked only at the completion of the transfer
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6.4.27 DMA Data Source Address Pointer 4 Register

Name: DMASRC4
Offset: 0x4F8
Bit 15 14 13 12 1" 10 9 8
SADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- SADDR[15:0] DMA Data Source Address Pointer bits
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6.4.28 DMA Data Source Address Pointer 4 Register

Name: DMADST4
Offset: Ox4FA
Bit 15 14 13 12 1" 10 9 8
DADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DADDR[15:0] DMA Data Destination Address Pointer bits
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6.4.29 DMA Transaction Counter 4 Register

Name: DMACNT4
Offset: 0x4FC
Bit 15 14 13 12 1" 10 9 8
CNT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CNT[15:0] DMA Transaction Counter bits
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6.4.30 DMA Channel 5 Control Register
Name: DMACH5
Offset: Ox4FE
Notes:
1. Only the original DMACNTS is required to be stored to recover the original DMASRC5 and DMADSTS values.
2. DMACNTS5 will always be reloaded in Repeated mode transfers, regardless of the state of the RELOAD bit.
3. The number of transfers executed while CHREQ is set depends on the configuration of TRMODE[1:0].
Legend: r = Reserved bit
Bit 15 14 13 12 1 10 9 8
| | | Reserved NULLW RELOAD CHREQ |
Access r R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SAMODE[1:0] DAMODE[1:0] TRMODE[1:0] SIZE CHEN
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 12 — Reserved Maintain as ‘0.

Bit 10 — NULLW Null Write Mode bit

Value Description
1 A dummy write is initiated to DMASRCS5 for every write to DMADST5
0 No dummy write is initiated

Bit 9 - RELOAD Address and Count Reload bit(")

1 DMASRCS5, DMADST5 and DMACNTS registers are reloaded to their previous values upon the start of
the next operation
0 DMASRC5, DMADST5 and DMACNTS5 are not reloaded on the start of the next operation(?)

Bit 8 - CHREQ DMA Channel Software Request bit(3)

Value Description
1 A DMA request is initiated by software; automatically cleared upon completion of a DMA transfer
0 No DMA request is pending

Bits 7:6 — SAMODE[1:0] Source Address Mode Selection bits

11 Reserved

10 DMASRCS is decremented based on the SIZE bit after a transfer completion
01 DMASRCS is incremented based on the SIZE bit after a transfer completion
00 DMASRCS5 remains unchanged after a transfer completion

Bits 5:4 - DAMODE[1:0] Destination Address Mode Selection bits

11 DMADSTS5 is used in Peripheral Indirect Addressing and remains unchanged
10 DMADSTS5 is decremented based on the SIZE bit after a transfer completion
01 DMADSTS5 is incremented based on the SIZE bit after a transfer completion
00 DMADSTS5 remains unchanged after a transfer completion

Bits 3:2 - TRMODE[1:0] Transfer Mode Selection bits
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11 Repeated Continuous mode
10 Continuous mode

01 Repeated One-Shot mode
00 One-Shot mode

Bit 1 — SIZE Data Size Selection bit

Value Description

1 Byte (8-bit)

0 Word (16-bit)
Bit 0 - CHEN DMA Channel Enable bit

Value Description

1 The corresponding channel is enabled

0 The corresponding channel is disabled
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6.4.31 DMA Channel 5 Interrupt Register
Name: DMAINT5
Offset: 0x500
Notes:
1. Setting these flags in software does not generate an interrupt.
2. Testing for address limit violations (DMASRC5 or DMADSTS5 is either greater than DMAH or less than DMAL)
is NOT done before the actual access.
Bit 15 14 13 12 1 10 9 8
DBUFWF | CHSEL[6:0]
Access R R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIGHIF LOWIF DONEIF HALFIF OVRUNIF HALFEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 - DBUFWF DMA Buffered Data Write Flag bit(")

1 The content of the DMA buffer has not been written to the location specified in DMADSTS5 or
DMASRCS in Null Write mode
0 The content of the DMA buffer has been written to the location specified in DMADST5 or DMASRCS5 in

Null Write mode

Bits 14:8 — CHSEL[6:0] DMA Channel Trigger Selection bits
See Table 6-1 for a complete list.

Bit 7 — HIGHIF DMA High Address Limit Interrupt Flag bit(1:2)
Value Description

1 The DMA channel has attempted to access an address higher than DMAH or the upper limit of the data
RAM space
0 The DMA channel has not invoked the high address limit interrupt

Bit 6 — LOWIF DMA Low Address Limit Interrupt Flag bit(1:2)

1 The DMA channel has attempted to access the DMA SFR address lower than DMAL, but above the
SFR range (07FFh)
0 The DMA channel has not invoked the low address limit interrupt

Bit 5— DONEIF DMA Complete Operation Interrupt Flag bit(1

If CHEN = 1:

1 The previous DMA session has ended with completion

0 The current DMA session has not yet completed

If CHEN = 0:

1 The previous DMA session has ended with completion

0 The previous DMA session has ended without completion

Bit 4 — HALFIF DMA 50% Watermark Level Interrupt Flag bit(")
Value Description

1 DMACNTS has reached the halfway point to 0000h
0 DMACNTS5 has not reached the halfway point
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Bit 3 - OVRUNIF DMA Channel Overrun Flag bit("

Value Description
1 The DMA channel is triggered while it’s still completing the operation based on the previous trigger
0 The overrun condition has not occurred

Bit 0 — HALFEN Halfway Completion Watermark bit

Value Description
1 Interrupts are invoked when DMACNT5 has reached its halfway point and at completion
0 An interrupt is invoked only at the completion of the transfer
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6.4.32 DMA Data Source Address Pointer 5 Register

Name: DMASRC5
Offset: 0x502
Bit 15 14 13 12 1" 10 9 8
SADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- SADDR[15:0] DMA Data Source Address Pointer bits

© 2019-2021 Microchip Technology Inc.

and its subsidiaries

Datasheet

DS30010203D-page 160



PIC24FJ512GU410 Family Data Sheet
Direct Memory Access Controller (DMA)

6.4.33 DMA Data Source Address Pointer 5 Register

Name: DMADST5
Offset: 0x504
Bit 15 14 13 12 1" 10 9 8
DADDR][15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DADDR[15:0] DMA Data Destination Address Pointer bits
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6.4.34 DMA Transaction Counter 5 Register

Name: DMACNT5
Offset: 0x506
Bit 15 14 13 12 1" 10 9 8
CNT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CNT[15:0] DMA Transaction Counter bits
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Resets

Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to be a
comprehensive reference source. For more information, refer to “Reset” (www.microchip.com/DS39712) in the
“dsPIC33/PIC24 Family Reference Manual”. The information in this data sheet supersedes the information in the
FRM.

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 Pin Reset

*+ SWR: RESET Instruction

«  WDT: Watchdog Timer Reset

* BOR: Brown-out Reset

» CM: Configuration Mismatch Reset

* TRAPR: Trap Conflict Reset

* IOPUWR: lllegal Opcode Reset

*  UWR: Uninitialized W Register Reset

A simplified block diagram of the Reset module is shown in Figure 7-1.

Any active source of Reset will make the SYSRST signal active. Many registers associated with the CPU and
peripherals are forced to a known Reset state. Most registers are unaffected by a Reset; their status is unknown on
POR and unchanged by all other Resets.

Note: Refer to the specific peripheral or CPU section of this manual for register Reset states.

All types of device Reset will set a corresponding status bit in the RCON register to indicate the type of Reset (see
7.6.1 RCON(1,6)). A POR will clear all bits, except for the BOR and POR (RCON][1:0]) bits, which are set. The
user may set or clear any bit at any time during code execution. The RCON bits only serve as status bits. Setting a
particular Reset status 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. The
function of these bits is discussed in other sections of this data sheet.

Note: The status bits in the RCON register should be cleared after they are read so that the next RCON register
values after a device Reset will be meaningful.
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Figure 7-1. Reset System Block Diagram
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Special Function Register Reset States

Most of the Special Function Registers (SFRs) associated with the PIC24F CPU and peripherals are reset to a
particular value at a device Reset. The SFRs are grouped by their peripheral or CPU function and their Reset values
are specified in each section of this manual.

The Reset value for each SFR does not depend on the type of Reset, with the exception of four registers. The

Reset value for the Reset Control register, RCON, will depend on the type of device Reset. The Reset value for

the Oscillator Control register, OSCCON, will depend on the type of Reset and the programmed values of the
FNOSCJ2:0] bits in the FOSCSEL Flash Configuration Word. Some bits in the NVMCON register are only affected by
a POR.

Device Reset Times

The Reset times for various types of device Reset are summarized in Table 7-1. Note that the Master Reset Signal,
SYSRST, is released after the POR delay time expires.

The time at which the device actually begins to execute code will also depend on the system oscillator delays, which
include the Oscillator Start-up Timer (OST) and the PLL lock time. The OST and PLL lock times occur in parallel with
the applicable SYSRST delay times.

The Fail-Safe Clock Monitor (FSCM) delay determines the time at which the FSCM begins to monitor the system
clock source after the SYSRST signal is released.

© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 164
and its subsidiaries



7.3

PIC24FJ512GU410 Family Data Sheet

Resets
Table 7-1. Reset Delay Times for Various Device Resets
Reset Type Clock Source SYSRST Delay Syst;g;ac;lock Notes
POR EC Tror * TstarTUP + TRST — 1,2,3
ECPLL Tror * TstarTUP + TrRsT | TLOCK 1,2,35
XT, HS, SOSC Tror + TstarTuP * TRsT  TosT 1,2,3,4
XTPLL, HSPLL Tror + TstarTuP * TrRsT | TosT * TLock 1,2,3,4,5
FRC, OSCFDIV Teor + TstarTup + TrsT  TERG 1,2,3,6,7
FRCPLL Tpor * TstarTuP + TRsT | TFRC + TLOCK 1,2,3,5,6
LPRC Tpor * TstarTUP + TRST  TLPRC 1,2,3,6
BOR EC TstarTUP * TRST = 2,3
ECPLL TstarTUP * TRST TrLock 2,3,5
XT, HS, SOSC TstarTuP + TRST TosT 2,3,4
XTPLL, HSPLL TstarTuPp + TRST Tost *+ TLock 2,3,4,5
FRC, OSCFDIV TstarTuP + TRST Trre 2,3,6,7
FRCPLL TstarTUP * TRST Tere * TLock 2,3,5,6
LPRC TstarTUP * TRST Tipre 2,3,6
MCLR Any Clock TrsT — 3
WDT Any Clock TrsT — 3
Software Any clock TrsT — 3
lllegal Opcode Any Clock TrsT — 3
Uninitialized W Any Clock TrsT — 3
Trap Conflict Any Clock TRsT — 3

Note:

1. Tpor = Power-on Reset Delay (10 pys nominal).

2. TstarTUP = TVREG:

3. Tgrst = Internal State Reset Time (2 ys nominal).

4. Tost = Oscillator Start-up Timer (OST). A 10-bit counter counts 1024 oscillator periods before releasing the
oscillator clock to the system.

oL O

TLOCK = PLL Lock Time.
Terc and T prc = RC Oscillator Start-up Times.

7. If Two-Speed Start-up is enabled, regardless of the Primary Oscillator selected, the device starts with FRC
so the system clock delay is just Terc, and in such cases, FRC start-up time is valid; it switches to the
Primary Oscillator after its respective clock delay.

Brown-out Reset (BOR)

PIC24FJ512GU410 family devices implement a BOR circuit that provides the user with several configuration and
power-saving options. The BOR is controlled by the BOREN][1:0] (FPOR[1:0]) Configuration bits.

When BOR is enabled, any drop of Vpp below the BOR threshold results in a device BOR. Threshold levels are
described in 32.2 DC Characteristics.
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Low-Power BOR

Low-Power BOR provides a downside protection when the main BOR controlled BOREN[1:0] Configuration bits are
disabled.

Low-Power BOR re-arms the POR to ensure that the device will reset if Vpp drops below the POR threshold. The
Low-Power BOR trip point is around 2.0V.

Low-Power BOR is selected in the configuration through the LPBOREN(FPOR[3]) bit. Because it is designed for very
low-current consumption, the accuracy may vary slightly.

Clock Source at Reset
After Reset, the system clock source is always selected according to the Oscillator Configuration bits.

The oscillator start-up circuitry and its associated delay timers are not linked to the device Reset delays that occur at
power-up. Some crystal circuits (especially low-frequency crystals) will have a relatively long start-up time. Therefore,
one or more of the following conditions is possible after SYSRST is released:

» The oscillator circuit has not begun to oscillate.

» The Oscillator Start-up Timer has not expired (if a crystal oscillator is used).

* The PLL has not achieved a lock (if PLL is used).

The device will not begin to execute code until a valid clock source has been released to the system.
Therefore, the oscillator and PLL start-up delays must be considered when the Reset delay time must be known.

If the FSCM is enabled, it will begin to monitor the system clock source when SYSRST is released. If a valid clock
source is not available at this time, the device will automatically switch to the FRC Oscillator and the user can switch
to the desired crystal oscillator in the Trap Service Routine (TSR).
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7.6 Reset Register

I I = 2 I RN AN (N I I

0x00
Reserved
0x010F
7:0 EXTR SWR SWDTEN WDTO SLEEP IDLE BOR POR
0x0110 RCON(1,6)
15:8 TRAPR IOPUWR SBOREN RETEN CM VREGS
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7.6.1 Reset Control Register
Name: RCON(*.8)
Offset: 0x110
Notes:
1. All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not
cause a device Reset.
2. Ifthe LPCFG Configuration bit is ‘1’ (unprogrammed), the retention regulator is disabled and the RETEN bit
has no effect.
3. Re-enabling the regulator after it enters Standby mode will add a delay, Tyreg, when waking up from Sleep.
Applications that do not use the voltage regulator should set this bit to prevent this delay from occurring.
4. If the FWDTENI[1:0] Configuration bits are ‘11’ (unprogrammed), the WDT is always enabled, regardless of the
SWDTEN bit setting.
5. The BOREN][1:0] (FPOR][1:0]) Configuration bits must be set to ‘01’ in order for SBOREN to have an effect.
6. RCON flags are set to the default state (POR) when the device wakes up from the Low Voltage Retention
Sleep mode or if any Reset occurs when the device is in the Retention Sleep mode.
Bit 15 14 13 12 1 10 9 8
[ TRAPR | IOPUWR | SBOREN | RETEN | | | CM VREGS
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 0
Bit 7 6 5 4 3 2 1 0
EXTR SWR SWDTEN WDTO SLEEP IDLE BOR POR
Access R/W R/W R/W R/wW R/W R/wW R/wW RW
Reset 0 0 0 0 0 0 1 1

Bit 15 — TRAPR Trap Reset Flag bit
Value Description

1 A Trap Conflict Reset has occurred

0 A Trap Conflict Reset has not occurred

Bit 14 — IOPUWR lllegal Opcode or Uninitialized W Register Access Reset Flag bit
Value Description

1 An illegal opcode detection, an illegal address mode or Uninitialized W register used as an Address
Pointer caused a Reset
0 An illegal opcode or Uninitialized W Register Reset has not occurred

Bit 13 —- SBOREN Software Control Over the BOR Function bit(5)
Value Description
1 BOR is enabled
0 BOR is disabled

Bit 12 - RETEN Retention Mode Enable bit(@

Value Description

1 Low-Voltage Regulator mode is enabled while device is in Sleep mode (1.2V regulator supplies to the
core)

0 Low-Voltage Regulator mode is disabled

Bit 9 — CM Configuration Word Mismatch Reset Flag bit

Value Description

1 A Configuration Word Mismatch Reset has occurred

0 A Configuration Word Mismatch Reset has not occurred

Bit 8 - VREGS Fast Wake-up from Sleep bit(®
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Value Description
1 Regulator Standby mode is disabled (fast wake-up, uses more power)
0 Regulator Standby mode is enabled (slow wake-up, uses less power)

Bit 7 — EXTR External Reset (MCLR) Pin bit

Value Description

1 A Master Clear (pin) Reset has occurred

0 A Master Clear (pin) Reset has not occurred

Bit 6 — SWR Software RESET (Instruction) Flag bit

Value Description
1 A RESET instruction has been executed
0 A RESET instruction has not been executed

Bit 5— SWDTEN Software Enable/Disable of WDT bit4

Value Description
1 WDT is enabled
0 WDT is disabled

Bit 4 - WDTO Watchdog Timer Time-out Flag bit

Value Description
1 WDT time-out has occurred
0 WDT time-out has not occurred

Bit 3 - SLEEP Wake-up from Sleep Flag bit

Value Description
1 Device has been in Sleep mode
0 Device has not been in Sleep mode

Bit 2 — IDLE Wake-up from Idle Flag bit

Value Description
1 Device has been in Idle mode
0 Device has not been in Idle mode

Bit 1 - BOR Brown-out Reset Flag bit

Value Description
1 A Brown-out Reset has occurred (also set after a Power-on Reset)
0 A Brown-out Reset has not occurred

Bit 0 — POR Power-on Reset Flag bit

Value Description
1 A Power-on Reset has occurred
0 A Power-on Reset has not occurred
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Interrupt Controller

This data sheet summarizes the features of the PIC24FJ512GU410 family devices. It is not intended to be

a comprehensive reference source. To complement the information in this data sheet, refer to “Interrupts”
(DS70000600) in the “dsPIC33/PIC24 Family Reference Manual”, which is available from the Microchip website
(www.microchip.com). The information in this data sheet supersedes the information in the FRM.

The PIC24FJ512GU410 family interrupt controller reduces the numerous peripheral interrupt request signals to a
single interrupt request signal to the CPU.

The interrupt controller has the following features:

* Up to Eight Processor Exceptions and Software Traps

» Seven User-Selectable Priority Levels

» Interrupt Vector Table (IVT) with a Unique Vector for Each Interrupt or Exception Source
» Fixed Priority within a Specified User Priority Level

» Fixed Interrupt Entry and Return Latencies

Interrupt Vector Table

The PIC24FJ512GU410 family Interrupt Vector Table (IVT), shown in Figure 8-1, resides in program memory starting
at location, 000004h. The IVT contains non-maskable trap vectors and interrupt vectors. In general, each interrupt
source has its own vector. Each interrupt vector contains a 24-bit wide address. The value programmed into each
interrupt vector location is the starting address of the associated Interrupt Service Routine (ISR).

Interrupt vectors are prioritized in terms of their natural priority. This priority is linked to their position in the vector
table. Lower addresses generally have a higher natural priority. For example, the interrupt associated with Vector 0
takes priority over interrupts at any other vector address.

Alternate Interrupt Vector Table

The Alternate Interrupt Vector Table (AIVT) is located after the IVT, as shown in Figure 8-1. The AIVTEN
(INTCONZ2[8]) control bit provides access to the AIVT. If the AIVTEN bit is set, all interrupt and exception processes
will use the alternate vectors instead of the default vectors. The alternate vectors are organized in the same manner
as the default vectors.

The AIVT is available only if the Boot Segment has been defined and the AIVT has been enabled. To enable the
AIVT, both the Configuration bit, AIVTDIS (FSEC[15]), and the AIVTEN bit (INTCONZ2[8] in the SFR), have to be set.
When the AIVT is enabled, all interrupts and exception processes use the alternate vectors instead of the default
vectors. The AIVT begins at the start of the last page of the Boot Segment (BS) defined by the BSLIM[12:0] bits. The
AIVT address is: (BSLIM[12:0] — 1) x 0x800.

Reset Sequence

A device Reset is not a true exception because the interrupt controller is not involved in the Reset process. The
PIC24FJ512GU410 family devices clear their registers in response to a Reset, which forces the PC to zero. The
device then begins program execution at location, 0x000000. A GOTO instruction at the Reset address can redirect
program execution to the appropriate start-up routine.

Note: Any unimplemented or unused vector locations in the IVT should be programmed with the address of a
default interrupt handler routine that contains a RESET instruction.
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Figure 8-1. PIC24F Interrupt Vector Tables

Decreasing Natural Order Priority

\

Interrupt Vector Table (IVT)(")

Reset — GOTO Instruction

Reset — GOTO Address

Oscillator Fail Trap Vector

Address Error Trap Vector

General Hard Trap Vector

Stack Error Trap Vector

Math Error Trap Vector

Reserved

General Soft Trap Vector

Reserved

Interrupt Vector 0

Interrupt Vector 1

Interrupt Vector 52

Interrupt Vector 53

Interrupt Vector 54

Interrupt Vector 116

Interrupt Vector 117

000000h
000002h
000004h

000014h

00007Ch
00007Eh
000080h

0000FCh
0000FEh

Alternate Interrupt Vector Table (AIVT)(12)

Reserved BOA+00h
Reserved BOA+02h
Oscillator Fail Trap Vector | BOA+04h
Address Error Trap Vector
General Hard Trap Vector
Stack Error Trap Vector
Math Error Trap Vector
Reserved
General Soft Trap Vector
Reserved
Interrupt Vector 0 BOA+14h
Interrupt Vector 1
Interrupt Vector 52 BOA+7Ch
Interrupt Vector 53 BOA+7Eh
Interrupt Vector 54 BOA+80h
Interrupt Vector 116
Interrupt Vector 117 BOA+FEh
(Start of Code) (BOA+100h)

Legend: BOA: Base Offset Address for AIVT, which is the starting address of the last page of the Boot Segment. All
addresses are in hexadecimal.

Notes:

1. See Table 8-1 and Table 8-2 for the vectors list.
2. AIVT is only available when a Boot Segment is implemented.

Table 8-1. Trap Vector Details

IVT or AIVT

Trap Bit Location

Trap MPLAB® XC16
e S Address

Description | Trap ISR Name Offset | Generic Flag | Source Flag m
Oscillator _OscillatorFail 0x000004 | INTCONA1[1] — — 15
Failure Trap
Address Error  _AddressError 0x000006 @ INTCONA1[3] — — 14
Trap
Generic Hard _HardTrapError 0x000008 INTCON4[1] — 13
Trap —
ECCDBE
Generic Hard _HardTrapError 0x000008 INTCON4[0] INTCONZ2[13] 13
Trap — SGHT
Stack Error _StackError 0x00000A | INTCON1[2] — — 12
Trap
Math Error Trap _MathError 0x00000C = INTCONT1[4] — — 11
— DIVOERR
Reserved Reserved 0x00000E — — —
Reserved Reserved 0x000010 — — —
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Trap
Description

Reserved

MPLAB® XC16
Trap ISR Name

Reserved

Table 8-2. Interrupt Vector Details

Vector
#

7

IVT or AIVT
Address
Offset

0x000012

Trap Bit Location

Generic Flag | Source Flag m

Interrupt Bit Location

Interrupt MPLAB® XC16 ISR Vector # \A T -N\"A)
Description Name Address Offset mm

y
External Interrupt | _INTOInterrupt 8 0 000014h IFSO[0] | IECO[0] IPCO[2:0]
0
Capture/ _CCT1Interrupt 9 1 000016h IFSO[1] IECO[1] IPCO0[6:4]
Compare/
Timer1
Capture/ _CCT2Interrupt 10 2 000018h IFSO[2] IECO[2] | IPCO[10:8]
Compare/
Timer2
Timer1 _T1lInterrupt 11 3 00001Ah IFSO[3] IECO[3] IPCO[14:12]
Direct Memory | _DMAOInterrupt 12 4 00001Ch IFSO[4]  IECO[4] IPC1[2:0]
Access 0
Reserved Reserved 13-14 5-6 00001Eh-000020h — — —
Timer2 _T2Interrupt 15 7 000022h IFSO[7] IECO[7] | IPC1[14:12]
Timer3 _T3lInterrupt 16 8 000024h IFSO[8] IECO[8] IPC2[2:0]
SPI1 General _SPIH1Interrupt 17 9 000026h IFSO[9] @ IECO[9] IPC2[6:4]
SPI1 Transfer _SPI1TXInterrupt 18 10 000028h IFSO[10] IECO[10] IPC2[10:8]
Done
UART1 Receiver | _U1RXlInterrupt 19 11 00002Ah IFSO[11] | IECO[11] | IPC2[14:12]
UART1 _U1TXInterrupt 20 12 00002Ch IFSO[12] IECO[12] IPC3[2:0]
Transmitter
A/D Converter 1 | _ADC1Interrupt 21 13 00002Eh IFSO[13] IECO[13] | IPC3[6:4]
Direct Memory  _DMA1Interrupt 22 14 000030h IFSO[14] IECO[14] IPC3[10:8]
Access 1
NVM Program/ | _NVMiInterrupt 23 15 000032h IFSO[15] IECO[15] | IPC3[14:12]
Erase Complete
I12C1 Slave _Sl2C1Interrupt 24 16 000034h IFS1[0] IEC1[0] IPC4[2:0]
Events
12C1 Master _MI2C1Interrupt 25 17 000036h IFS1[1] | IEC1[1] IPC4[6:4]
Events
Comparator _Complnterrupt 26 18 000038h IFS1[2] IEC1[2] IPC4[10:8]
Interrupt-on- _IOClnterrupt 27 19 00003Ah IFS1[3] | IEC1[3] IPC4[14:12]
Change Interrupt
External Interrupt _INT1Interrupt 28 20 00003Ch IFS1[4] IEC1[4] IPC5[2:0]
1
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Interrupt MPLAB® XC16 ISR Vector # IVT or AIVT Interrupt Bit Location
Description Name Address Offset mm
y
Reserved Reserved 29 21 00003Eh — — —
Capture/ _CCPS5interrupt 30 22 000040h IFS1[6] IEC1[6] IPC5[10:8]
Compare 5
Capture/ _CCP6Interrupt 31 23 000042h IFS1[7] IEC1[7] | IPC5[14:12]
Compare 6
Direct Memory  _DMAZ2Interrupt 32 24 000044h IFS1[8] IEC1[8] IPC6[2:0]
Access 2
Reserved Reserved 33-34 | 25-26| 000046h-000048h — — —
Timer4 _TAlInterrupt 35 27 00004Ah IFS1[11] IEC1[11] [PC6[14:12]
Timer5 _T5lInterrupt 36 28 00004Ch IFS1[12] IEC1[12] IPC7[4:2]
External Interrupt _INT2Interrupt 37 29 00004Eh IFS1[13] IEC1[13] [IPC7[6:4]
2
UART2 Receiver | _U2RXlInterrupt 38 30 000050h IFS1[14] IEC1[14] IPC7[10:8]
UART2 _U2TXInterrupt 39 31 000052h IFS1[15] IEC1[15] IPC7[14:12]
Transmitter
SPI2 General _SPI2Interrupt 40 32 000054h IFS2[0] @ IEC2[0] IPC8[2:0]
SPI2 Transfer _SPI2TXInterrupt 41 33 000056h IFS2[1] IEC2[1] IPC8[6:4]
Done
Reserved Reserved 42-43 | 34-35 000058h-00005Ah — — —
Direct Memory _DMAS3Interrupt 44 36 00005Ch IFS2[4] IEC2[4] IPC9[2:0]
Access 3
Reserved Reserved 45-50 | 37-42 00005Eh-000068h — — —
Capture/ _CCT3Interrupt 51 43 00006Ah IFS2[11] IEC2[11] IPC10[14:12]
Compare/
Timer3
Capture/ _CCT4Interrupt 52 44 00006Ch IFS2[12] IEC2[12] IPC11[2:0]
Compare/
Timer4
Reserved Reserved 53 45 00006Eh — — —
Direct Memory _DMA4Interrupt 54 46 000070h IFS2[14] IEC2[14] [PC11[10:8]
Access 4
Capture/ _CCTS5lInterrupt 55 47 000072h IFS2[15] IEC2[15] IPC11[14:12]
Compare/
Timer5
Capture/ _CCT6lInterrupt 56 48 000074h IFS3[0] IEC3[0] | IPC12[2:0]
Compare/
Timer6
I12C2 Slave _SI2C2Interrupt 57 49 000076h IFS3[1] IEC3[1] IPC12[6:4]
Events
12C2 Master _MI2C2Interrupt 58 50 000078h IFS3[2] IEC3[2] | IPC12[10:8]
Events
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Interrupt MPLAB® XC16 ISR Vector # IVT or AIVT Interrupt Bit Location

Description Name Address Offset mm
y

Capture/ _CCT7Interrupt 59 51 00007Ah IFS3[3] IEC3[3] IPC12[14:12]

Compare/

Timer7

Capture/ _CCT8Interrupt 60 52 00007Ch IFS3[4]  IEC3[4] IPC13[2:0]

Compare/

Timer8

External Interrupt _INT3Interrupt 61 53 00007Eh IFS3[5] IEC3[5] IPC13[6:4]

3

External Interrupt | _INT4Interrupt 62 54 000080h IFS3[6] IEC3[6] | IPC13[10:8]

4

Reserved Reserved 63-65 55-57 000082h-000086h — — —

SPI1 Receive _SPI1RXInterrupt 66 58 000088h IFS3[10] | IEC3[10] | IPC14[10:8]

Done

SPI2 Receive _SPI2RXInterrupt 67 59 00008Ah IFS3[11] IEC3[11] IPC14[14:12]

Done

SPI3 Receive _SPI3RXInterrupt 68 60 00008Ch IFS3[12]  IEC3[12]  IPC15[2:0]

Done

Direct Memory  _DMASInterrupt 69 61 00008Eh IFS3[13] IEC3[13] [PC15[6:4]

Access 5

Real-Time Clock | _RTCClInterrupt 70 62 000090h IFS3[14] IEC3[14] IPC15[10:8]

and Calendar

Capture/ _CCP1Interrupt 71 63 000092h IFS3[15] IEC3[15] IPC15[14:12]

Compare 1

Capture/ _CCP2Interrupt 72 64 000094h IFS4[0] @ IECA4[0] IPC16[2:0]

Compare 2

UART1 Error _U1Errinterrupt 73 65 000096h IFS4[1] IECA4[1] IPC16[6:4]

UART2 Error _U2Errinterrupt 74 66 000098h IFS4[2]  IECA4[2] IPC16[10:8]

Cyclic _CRClnterrupt 75 67 00009Ah IFS4[3] IECA4[3] IPC16[14:12]

Redundancy

Check

Reserved Reserved 76-77 | 68-69 00009Ch-00009Eh — — —

I2C3 Slave _SI2C3Interrupt 78 70 0000AOh IFS4[6] IECA4[6] IPC17[10:8]

Events

I12C3 Master _MI2C3Interrupt 79 71 0000A2h IFS4[7] | IECA4[7] IPC17[14:12]

Events

High/Low- _HLVDInterrupt 80 72 0000A4h IFS4[8] IECA4[8] IPC18[2:0]

Voltage Detect

Capture/ _CCP7Interrupt 81 73 0000A6h IFS4[9]  IECA4[9] IPC18[6:4]

Compare 7

Capture/ _CCP8Interrupt 82 74 0000A8h IFS4[10] IEC4[10] IPC18[10:8]

Compare 8
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Interrupt MPLAB® XC16 ISR Vector # IVT or AIVT Interrupt Bit Location

Description Name Address Offset mm
Reserved Reserved 83-85 | 75-87 | 0000AAh-0000AEh — — —
DAC Trigger _DAC1Interrupt 86 78 0000BOh IFS4[14] IEC4[14] IPC19[10:8]
Reserved Reserved 87-88 |79-80 0000B2h-0000B4h — — —
UARTS3 Error _UBErrinterrupt 89 81 0000B6h IFS5[1] IEC5[1] IPC20[6:4]
UART3 Receiver | _U3RXInterrupt 90 82 0000B8h IFS5[2] @ IEC5[2] @IPC20[10:8]
UART3 _U3TXInterrupt 91 83 0000BAh IFS5[3] IEC5[3] IPC20[14:12]
Transmitter
I12C1 Bus _l2C1BClinterrupt 92 84 0000BCh IFS5[4] @ IEC5[4] IPC21[2:0]
Collision
I2C2 Bus _l2C2BClinterrupt 93 85 0000BEh IFS5[5] IEC5[5] IPC21[6:4]
Collision
USB OTG _USB1Interrupt 94 86 0000COh IFS5[6] @ IEC5[6] @IPC21[10:8]
Interrupt
UART4 Error _U4Errinterrupt 95 87 0000C2h IFS5[7] IEC5[7] IPC21[14:12]
UART4 Receiver  _U4RXInterrupt 96 88 0000C4h IFS5[8] @ IEC5[8] @ IPC22[2:0]
UART4 _U4TXInterrupt 97 89 0000C6h IFS5[9] IEC5[9] IPC20[6:4]
Transmitter
SPI3 General _SPI3 General 98 90 0000C8h IFS5[10] | IEC5[10] | IPC22[10:8]
SPI3 Transmit _SPI3TXInterrupt 99 91 0000CAh IFS5[11] IEC5[11] IPC22[14:12]
Done
SPI4 General _SPI4 General 100 92 0000CCh IFS5[12] | IEC5[12] | IPC23[2:0]
SPI4 Transmit _SPI4TXiInterrupt 101 93 0000CEh IFS5[13] IEC5[13] [PC23[6:4]
Done
Capture/ _CCP3lInterrupt 102 94 0000D0N IFS5[14]  IEC5[14]  IPC23[10:8]
Compare 3
Capture/ _CCP4Interrupt 103 95 0000D2h IFS5[15] IEC5[15] IPC23[14:12]
Compare 4
Configurable _CLCAInterrupt 104 96 0000D4h IFS6[0] A IEC6[0] @ IPC24[2:0]
Logic Cell 1
Configurable _CLC2Interrupt 105 97 0000D6h IFS6[1] IEC6[1] IPC24[6:4]
Logic Cell 2
Configurable _CLC3Interrupt 106 98 0000D8h IFS6[2] @ IEC6[2] @ IPC24[10:8]
Logic Cell 3
Configurable _CLC4lInterrupt 107 99 0000DANh IFS6[3] IEC6[3] IPC24[14:12]
Logic Cell 4
LCD _LCDiInterrupt 108 100 0000DCh IFS6[4] @ IEC6[4] @ IPC25[2:0]
LCD Automation = _LCDATInterrupt 109 101 0000DENh IFS6[5] IEC6[5] IPC25[6:4]
Timer
Reserved Reserved 110-113 | 102-1 | 0000EOh-0000E6h — — —
05
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Interrupt MPLAB® XC16 ISR

IVT or AIVT

Interrupt Bit Location

Vector #
Description Name Address Offset mm
y
FRC Self-Tuning _FSTInterrupt 114 106 0000E8h IFS6[10] IEC6[10] IPC26[10:8]
Interrupt
Reserved Reserved 115 107 0000EANh — — —
ECC Single Bit = _ECCSBEInterrupt 116 108 0000ECh IFS6[12] IEC6[12] IPC27[2:0]
Error
I12C3 Bus _|2C3BClinterrupt 117 109 0000EEh IFS6[13] IEC6[13]  IPC27[6:4]
Collision
Real-Time Clock =_RTCCTSInterrupt 118 110 0000FOh IFS6[14] IEC6[14] IPC27[10:8]
Timestamp
UARTS5 Receiver | _U5RXInterrupt 119 111 0000F2h IFS6[15]  IEC6[15] IPC27[14:12]
UART5S _U5TXInterrupt 120 112 0000F4h IFS7[0] IEC7[0] @ IPC28[2:0]
Transmitter
UARTS Error _US5ErrInterrupt 121 113 0000F6h IFS7[1] IEC7[1] | IPC28[6:4]
UART6 Receiver _U6RXInterrupt 122 114 0000F8h IFS7[2] IEC7[2] IPC28[10:8]
UART6 _U6TXInterrupt 123 115 0000FAh IFS7[3] | IEC7[3] IPC28[14:12]
Transmitter
UART®6 Error _UBErrinterrupt 124 116 0000FCh IFS7[4] IEC7[4] IPC29[2:0]
JTAG _JTAGInterrupt 125 117 0000FEh IFS7[5] IEC7[5] | IPC29[6:4]
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8.3 Interrupt Controller Registers
omet | mame  Jwrros | 7 | e | s | 4 | 3 [ 2 | 1 | o |
0x00
Reserved
Ox7F
7:0 MATHERR | ADDRERR STKERR OSCFAIL
0x80 INTCON1
15:8 NSTDIS
0x82 INTCON2 7:0 INT4EP INT3EP INT2EP INT1EP INTOEP
15:8 GIE DISI SWTRAP AIVTEN
7:0
0x84 INTCON3
15:8 DMT
0x86 INTCON4 7:0 ECCDBE SGHT
15:8
0x88 IFSO 7:0 T2IF DMAOIF T1IF CCT2IF CCT1IF INTOIF
X
15:8 NVMIF DMA1IF AD1IF U1TXIF U1RXIF SPITXIF SPI1IF T3IF
0xBA IFS1 7:0 CCP6IF CCP5IF INT1IF IOCIF CMIF MI2C1IF SI2C1IF
15:8 U2TXIF U2RXIF INT2IF T5IF T4IF DMA2IF
0x8C IFS2 7:0 DMASIF SPI2TXIF SPI2IF
X 15:8 CCT5IF DMA4IF CCT4IF CCT3IF
0XBE IFS3 7:0 INT4IF INT3IF CCTS8IF CCT7IF MI2C2IF SI2C2IF CCT6IF
15:8 CCP1IF RTCIF DMASIF SPI3RXIF SPI2RXIF SPIMRXIF SPI4RXIF
0x90 IFS4 7:0 MI2C3IF SI2C3IF CRCIF U2ERIF U1ERIF CCP2IF
X
15:8 DAC1IF CCPS8IF CCP7IF HLVDIF
0x92 IFS5 7:0 U4ERIF USB1IF 12C2BCIF 12C1BCIF U3TXIF U3RXIF U3ERIF
15:8 CCP4IF CCPSIF SPI4TXIF SPI4IF SPI3TXIF SPI3IF U4TXIF U4RXIF
0x94 IFS6 7:0 LCDATIF LCDIF CLC4IF CLC3IF CLC2IF CLC1IF
X 15:8 USRXIF RTCCTSIF 12C3BCIF FSTIF
0x96 \FS7 7:0 UBERIF UBTXIF UBRXIF USERIF USTXIF
15:8
0x98 IECO 7:0 T2IE DMAOIE T1IE CCT2IE CCT1IE INTOIE
X
15:8 NVMIE DMA1IE AD1IE U1TXIE U1RXIE SPIMTXIE SPHIE T3IE
0x9A IEC1 7:0 CCP6IE CCPS5IE INT1IE IOCIE CMIE MI2C1IE SI2C1IE
15:8 U2TXIE U2RXIE INT2IE T5IE T4IE
0x9C IEC2 7:0 DMASIE SPI2TXIE SPI2IE
% 15:8 CCT5IE DMA4IE CCT4IE CCT3IE
0x9E IEC3 7:0 INT4IE INT3IE CCT8IE CCT7IE MI2C2IE SI2C2IE CCT6IE
15:8 CCP1IE RTCIE DMASIE SPI3RXIE SPI2RXIE SPIMRXIE SPI4RXIE
7:0 MI2C3IE SI2C3IE CRCIE U2ERIE U1ERIE CCP2IE
0xA0 IEC4
15:8 DAC1IE CCPSIE CCP7IE HLVDIE
0xA2 IEC5 7:0 U4ERIE USB1IE 12C2BCIE 12C1BCIE U3TXIE U3RXIE U3ERIE
15:8 CCP4IE CCP3IE SPI4TXIE SPI4IE SPI3TXIE SPI3IE U4TXIE U4RXIE
OxAd IEC6 7:0 LCDATIE LCDIE CLC4IE CLC3IE CLC2IE CLC1IE
15:8 USRXIE RTCCTSIE 12C3BCIE FSTIE
0xAG \FS7 7:0 JTAGIE UBERIE UBTXIE UBRXIE USERIE USTXIE
15:8
7:0 CCT1IP[2:0] INTOIP[2:0]
0xA8 IPCO
15:8 T1IP[2:0] CCT2IP[2:0]
oA PG 7:0 DMAOIP[2:0]
15:8 T2IP[2:0]
7:0 SPI1IP[2:0] T3IP[2:0]
OxAC IPC2
15:8 U1RXIP[2:0] SPHMTXIP[2:0]
OAE PC3 7:0 AD1IP[2:0] U1TXIP[2:0]
15:8 NVMIP[2:0] DMA11P[2:0]
7:0 MI2C11P[2:0] SI2C1IP[2:0]
0xB0O IPC4
15:8 IOCIP[2:0] CMIP[2:0]
0xB2 PGS 7:0 INT1IP[2:0]
15:8 CCP6IP[2:0] CCP5IP[2:0]
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(e mw Jems] 7 [ o [ & [ < s & |9 [ o]
7:0

0xB4 IPC6
15:8 T4IP[2:0]
0xB6 PC7 7:0 INT2IP[2:0] T5IP[2:0]
15:8 U2TXIP[2:0] U2RXIP[2:0]
7: : :
0xBS8 IPC8 0 SPI2TXIP[2:0] SPI2IP[2:0]
15:8
7:0 DMAGSIP[2:0]
O0xBA IPC9
15:8
7:0
0xBC IPC10
15:8 CCT3IP[2:0]
OXBE PC1 7:0 CCT4IP[2:0]
15:8 CCT5IP[2:0] DMA41P[2:0]
7: R :
0xCO IPC12 0 SI12C21P[2:0] CCT6IP[2:0]
15:8 CCT7IP[2:0] MI2C2IP[2:0]
0xC2 PC13 7:0 INT3IP[2:0] CCT8IP[2:0]
15:8 INT41P[2:0]
7: :
0xC4 IPC14 0 SPI4RXIP[2:0]
15:8 SPI2RXIP[2:0] SPI1RXIP[2:0]
7:0 DMAGSIP[2:0] SPI3RXIP[2:0]
0xC6 IPC15
X 15:8 CCP1IP[2:0] RTCIP[2:0]
7: : R
0xC8 IPC16 0 U1ERIP[2:0] CCP2IP[2:0]
15:8 CRCIP[2:0] U2ERIP[2:0]
7:0
0xCA IPC17
X 15:8 MI2C3IP[2:0] SI2C3IP[2:0]
7: : R
0xCC IPC18 0 CCP7IP[2:0] HLVDIP[2:0]
15:8 CCP8IP[2:0]
7:0
0xCE IPC19
X 15:8 DAC1IP[2:0]
7: :
0xD0 IPC20 0 USERIP[2:0]
15:8 U3TXIP[2:0] U3RXIP[2:0]
0xD2 IPC21 7:0 12C2BCIP[2:0] 12C1BCIP[2:0]
15:8 U4ERIP[2:0] USB1IP[2:0]
7: : R
0xDA IPC22 0 U4TXIP[2:0] U4RXIP[2:0]
15:8 SPI3TXIP[2:0] SPI3IP[2:0]
0xD6 IPC23 7:0 SPI4TXIP[2:0] SPI4IP[2:0]
15:8 CCP4IP[2:0] CCP3IP[2:0]
7: : :
0xD8 |PC24 0 CLC2IP[2:0] CLC1IP[2:0]
15:8 CLC41P[2:0] CLC3IP[2:0]
7:0 LCDATIP[2:0] LCDIP[2:0]
0xDA IPC25
15:8
7:0
0xDC IPC26
15:8 FSTIP[2:0]
OXDE IPC27 7:0 12C3BCIP[2:0]
15:8 U5RXIP[2:0] RTCCTSIP[2:0]
7: : :
OXEO |PC28 0 USERIP[2:0] USTXIP[2:0]
15:8 UBRXIP[2:0]
7:0 JTAGIP[2:0] UGBERIP[2:0]
OxE2 IPC29
15:8
7 VE :
OxE4 INTTREG 0 CNUM[7:0]
15:8 CPUIRQ VHOLD ILR[3:0]
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Interrupt Control and Status Registers Overview

Global interrupt control functions are controlled from INTCON1 and INTCON2. INTCON1 contains the Interrupt
Nesting Disable (NSTDIS) bit, as well as the control and status flags for the processor trap sources.

The INTCONZ2 register controls global interrupt generation, the external interrupt request signal behavior and the use
of the Alternate Interrupt Vector Table (AIVT).

The INTCONS register contains the Deadman Timer (DMT) trap bit. The INTCON4 register contains the Software
Generated Hard Trap bit (SGHT).

The IFSx registers maintain all of the interrupt request flags. Each source of interrupt has a status bit, which is set by
the respective peripherals or external signal and is cleared via software.

The IECx registers maintain all of the interrupt enable bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

The IPCx registers are used to set the Interrupt Priority Level (IPL) for each source of interrupt. Each user interrupt
source can be assigned to one of eight priority levels.

The INTTREG register contains the associated interrupt vector number and the new CPU Interrupt Priority Level,
which are latched into the Vector Number bits (VECNUM([7:0]) and Interrupt Priority Level bits (ILR[3:0]) fields in the
INTTREG register. The new Interrupt Priority Level is the priority of the pending interrupt.

The interrupt sources are assigned to the IFSx, IECx and IPCx registers in the same sequence as they are listed

in Table 8-2. For example, the INTO (External Interrupt 0) is shown as having Vector Number 8 and a natural order
priority of 0. Thus, the INTOIF bit is found in IFSO[0], the INTOIE bit in IECO[0] and the INTOIPx bits in the first position
of IPCO (IPC0[2:0]).

Two of the CPU Control registers contain bits that control interrupt functionality. For more information on these
registers, refer to “CPU with Extended Data Space (EDS)” (DS39732) in the “dsPIC33/PIC24 Family Reference
Manual”.

The CPU STATUS Register, SR, contains the IPL[2:0] bits (SR[7:5]). These bits indicate the current CPU Interrupt
Priority Level. The user software can change the current CPU Interrupt Priority Level by writing to the IPLx bits.

The CORCON register contains the IPL3 bit, which together with the IPL[2:0] bits, also indicates the current CPU
Interrupt Priority Level. IPL3 is a read-only bit so that trap events cannot be masked by the user software.

All Interrupt registers are described from 8.3.2 INTCON1 through 8.3.52 INTTREG in the following pages.
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8.3.2

Bit

Access
Reset

Bit

Access
Reset

Interrupt Control Register 1

Name: INTCON1
Offset: 0x80

15 14 13 12 1" 10 9 8

NSTDIS
R/W
0
7 6 5 4 3 2 1 0
MATHERR ADDRERR STKERR OSCFAIL
R/wW R/W R/wW R/W
0 0 0 0

Bit 15 — NSTDIS Interrupt Nesting Disable bit

Value Description
1 Interrupt nesting is disabled
0 Interrupt nesting is enabled

Bit 4 - MATHERR Math Error Status bit

Value Description
1 Math error trap has occurred
0 Math error trap has not occurred

Bit 3 — ADDRERR Address Error Trap Status bit
Value Description
1 Address error trap has occurred
0 Address error trap has not occurred

Bit 2 - STKERR Stack Error Trap Status bit
Value Description
1 Stack error trap has occurred
0 Stack error trap has not occurred

Bit 1 — OSCFAIL Oscillator Failure Trap Status bit

Value Description
1 Oscillator failure trap has occurred
0 Oscillator failure trap has not occurred
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8.3.3 Interrupt Control Register 2
Name: INTCON2
Offset: 0x82
Bit 15 14 13 12 " 10 9 8
GIE DISI SWTRAP AIVTEN
Access R/W R R/W R/W
Reset 1 0 0 0
Bit 7 6 5 4 3 2 1 0
INT4EP INT3EP INT2EP INT1EP INTOEP
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 15 — GIE Global Interrupt Enable bit

Value Description
1 Interrupts and associated interrupt enable bits are enabled
0 Interrupts are disabled, but traps are still enabled

Bit 14 — DISI DIsSI Instruction Status bit

Value Description
1 DISTI instruction is active
0 DISI instruction is not active

Bit 13 —- SWTRAP Software Trap Status bit

Value Description
1 Software trap is enabled
0 Software trap is disabled

Bit 8 — AIVTEN Alternate Interrupt Vector Table Enable bit

Value Description
1 Uses Alternate Interrupt Vector Table (if enabled in Configuration bits)
0 Uses standard Interrupt Vector Table (default)

Bit 4 — INT4EP External Interrupt 4 Edge Detect Polarity Select bit

Value Description
1 Interrupt on negative edge
0 Interrupt on positive edge

Bit 3 — INT3EP External Interrupt 3 Edge Detect Polarity Select bit

Value Description
1 Interrupt on negative edge
0 Interrupt on positive edge

Bit 2 — INT2EP External Interrupt 2 Edge Detect Polarity Select bit

Value Description
1 Interrupt on negative edge
0 Interrupt on positive edge

Bit 1 — INT1EP External Interrupt 1 Edge Detect Polarity Select bit

Value Description
1 Interrupt on negative edge
0 Interrupt on positive edge
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Bit 0 — INTOEP External Interrupt 0 Edge Detect Polarity Select bit

Value Description

1 Interrupt on negative edge
0 Interrupt on positive edge
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8.34 Interrupt Control Register 3

Name: INTCON3
Offset: 0x84
Bit 15 14 13 12 1 10 9 8
DMT
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bit 15 — DMT Deadman Timer Soft Trap Status bit

Value Description

1 Deadman Timer trap has occurred
0 Deadman Timer trap has not occurred
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8.3.5 Interrupt Control Register 4

Name: INTCON4
Offset: 0x86

Legend: C = Clearable bit

Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ECCDBE SGHT
Access R/C R/C
Reset 0 0

Bit 1 — ECCDBE ECC Double-Bit Error Trap bit

Value Description

1 ECC double-bit error trap has occurred
0 ECC double-bit error trap has not occurred

Bit 0 - SGHT Software Generated Hard Trap Status bit

Value Description

1 Software generated hard trap has occurred
0 Software generated hard trap has not occurred
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8.3.6 Interrupt Request Flags Register 0
Name: IFSO
Offset: 0x88
Bit 15 14 13 12 11 10 9 8
NVMIF DMA1IF AD1IF U1TXIF U1RXIF SPITXIF SPIIF T3IF
Access R/W R/W R/IW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
T2IF DMAOIF T1IF CCT2IF CCT1IF INTOIF
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 — NVMIF NVM Program/Erase Complete Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — DMA1IF Direct Memory Access 1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — AD1IF A/D Converter 1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — U1TXIF UART1 Transmitter Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — UIRXIF UART1 Receiver Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — SPIMTXIF SPI1 Transfer Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — SPI1IF SPI1 General Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 8 — T3IF Timer3 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 7 — T2IF Timer2 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 4 —- DMAOIF Direct Memory Access 0 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — T1IF Timer1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 - CCT2IF Capture/Compare/Timer2 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 1 — CCT1IF Capture/Compare/Timer1 Interrupt bit
Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — INTOIF External Interrupt O bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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8.3.7 Interrupt Request Flags Register 1
Name: IFS1
Offset: O0x8A
Bit 15 14 13 12 11 10 9 8
U2TXIF U2RXIF INT2IF T5IF T4IF DMA2IF
Access RIW R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CCP6IF CCP5IF INT1IF IOCIF CMIF MI2C1IF SI2C1IF
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 15 — U2TXIF UART2 Transmitter Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — U2RXIF UART2 Receiver Interrupt bit
Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — INT2IF External Interrupt 2 bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — T5IF Timer5 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 11 — T4IF Timer4 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 8 - DMAZ2IF Direct Memory Access 2 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 7 — CCP6IF Capture/Compare 6 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 6 — CCP5IF Capture/Compare 5 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 4 — INT1IF External Interrupt 1 bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 3 — IOCIF Interrupt-on-Change Interrupt bit
Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — CMIF Comparator Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — MI2C1IF 12C1 Master Events Interrupt bit
Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — SI2C1IF 12C1 Slave Events Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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8.3.8

Bit

Access
Reset

Bit

Access
Reset

Interrupt Request Flags Register 2

Name: IFS2
Offset: 0x8C
15 14 13 12 " 10 9 8
CCTS5IF DMAZ4IF CCT4IF CCT3IF
R/W R/W R/W R/W
0 0 0 0
7 6 5 4 3 2 1 0
DMASIF SPI2TXIF SPI2IF
R/W R/W R/W
0 0 0

Bit 15 — CCT5IF Capture/Compare/Timer5 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — DMA4IF Direct Memory Access 4 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — CCT4IF Capture/Compare/Timer4 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — CCT3IF Capture/Compare/Timer3 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 4 — DMA3IF Direct Memory Access 3 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 1 — SPI2TXIF SPI2 Transfer Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — SPI2IF SPI2 General Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Interrupt Request Flags Register 3

Name: IFS3
Offset: 0x8E
Bit 15 14 13 12 " 10 9 8
CCP1IF RTCIF DMASIF SPI3RXIF SPI2RXIF SPI1RXIF SPI4RXIF
R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
INT4IF INT3IF CCTS8IF CCT7IF MI2C2IF SI2C2IF CCT6IF
R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 15 — CCP1IF Capture/Compare 1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — RTCIF Real-Time Clock and Calendar bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — DMASIF Direct Memory Access 5 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — SPI3RXIF SPI3 Receive Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — SPI2RXIF SPI2 Receive Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — SPIMRXIF SPI1 Receive Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — SPI4RXIF SPI4 Receive Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 6 — INT4IF External Interrupt 4 bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 5 — INT3IF External Interrupt 3 bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 4 — CCT8IF Capture/Compare/Timer8 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 3 — CCT7IF Capture/Compare/Timer7 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 2 — MI2C2IF 12C2 Master Events Interrupt bit
Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — SI2C2IF 12C2 Slave Events Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — CCT6IF Capture/Compare/Timer6 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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8.3.10 Interrupt Request Flags 4 Register
Name: IFS4
Offset: 0x90
Bit 15 14 13 12 " 10 9 8
DAC1IF CCP8IF CCP7IF HLVDIF
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MI2C3IF SI2C3IF CRCIF U2ERIF U1ERIF CCP2IF
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 14 — DAC1IF 10-Bit Digital-to-Analog 1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — CCP8IF Capture/Compare 8 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — CCP7IF Capture/Compare 7 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 8 - HLVDIF High/Low-Voltage Detect Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 7 — MI2C3IF 12C3 Master Events Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 6 — SI2C3IF 12C3 Slave Events Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — CRCIF Cyclic Redundancy Check Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — U2ERIF UART2 Error Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 1 — U1ERIF UART1 Error Interrupt bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — CCP2IF Capture/Compare 2 Interrupt bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled
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8.3.11 Interrupt Request Flags Register 5
Name: IFS5
Offset: 0x92
Bit 15 14 13 12 11 10 9 8
CCP4IF CCP3IF SPI4TXIF SPI4IF SPI3TXIF SPI3IF U4TXIF U4RXIF
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
U4ERIF USB1IF I2C2BCIF I2C1BCIF U3TXIF U3RXIF U3ERIF
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 15 — CCP4IF Capture/Compare 4 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — CCP3IF Capture/Compare 3 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — SPI4TXIF SPI2 Transfer Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — SPI4IF SPI4 General Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — SPI3TXIF SPI3 Transfer Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — SPI3IF SPI3 General Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — U4TXIF UART4 Transmitter Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 8 —- U4RXIF UART4 Receiver Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 7 — U4ERIF UART4 Error Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 6 — USB1IF USB1 OTG Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 5 — 12C2BCIF 12C2 Bus Collision Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 4 — 12C1BCIF 12C1 Bus Collision Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — U3TXIF UART3 Transmitter Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — UBRXIF UART3 Receiver Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — UBERIF UARTS3 Error Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Interrupt Request Flags Register 6

Name: IFS6
Offset: 0x94
Bit 15 14 13 12 11 10 9 8
U5RXIF RTCCTSIF 12C3BCIF FSTIF
R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LCDATIF LCDIF CLCA4IF CLC3IF CLC2IF CLC1IF
R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 — USRXIF UARTS5 Receiver Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — RTCCTSIF Real-Time Clock Timestamp Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — 12C3BCIF 12C3 Bus Collision Interrupt bit
Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — FSTIF FRC Self-Tuning Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 5 — LCDATIF LCD Timer Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 4 — LCDIF LCD Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — CLC4IF Configurable Logic Cell 4 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — CLC3IF Configurable Logic Cell 3 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 1 — CLC2IF Configurable Logic Cell 2 Interrupt bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — CLC1IF Configurable Logic Cell 1 Interrupt bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled
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8.3.13

Bit

Access
Reset

Bit

Access
Reset

Interrupt Request Flags Register 7

Name: IFS7
Offset: 0x96
15 14 13 12 " 10 9 8
7 6 5 4 3 2 1 0
UBGERIF UBTXIF UBRXIF USERIF USTXIF
R/W R/W R/W R/W R/W
0 0 0 0 0

Bit 4 — UGERIF UARTG6 Error Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 - U6TXIF UART6 Transmission Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — U6RXIF UARTG6 Receiver Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — USERIF UARTS5 Error Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — USTXIF UARTS Transmission Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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8.3.14 Interrupt Enable Register 0
Name: IECO
Offset: 0x98
Bit 15 14 13 12 11 10 9 8
NVMIE DMA1IE AD1IE U1TXIE U1IRXIE SPIMTXIE SPHIE T3IE
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
T2IE DMAOIE T1IE CCT2IE CCT1IE INTOIE
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 — NVMIE NVM Program/Erase Complete Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — DMA1IE Direct Memory Access 1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — AD1IE A/D Converter 1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — U1TXIE UART1 Transmitter Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — UIRXIE UART1 Receiver Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — SPIMTXIE SPI1 Transfer Done Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — SPIMIE SPI1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 8 — T3IE Timer3 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 7 — T2IE Timer2 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 4 —- DMAOIE Direct Memory Access 0 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — T1IE Timer1 Interrupt bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — CCT2IE Capture/Compare/Timer2 Interrupt bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 1 — CCT1IE Capture/Compare/Timer1 Interrupt bit
Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — INTOIE External Interrupt 0 bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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8.3.15 Interrupt Enable Register 1
Name: IEC1
Offset: 0x9A
Bit 15 14 13 12 " 10 9 8
U2TXIE U2RXIE INT2IE T5IE T4IE
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CCP6IE CCP5IE INT1IE I0CIE CMIE MI2C1IE SI2C1IE
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 15 — U2TXIE UART2 Transmitter Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — U2RXIE UART2 Receiver Transmitter Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — INT2IE External Interrupt 2 Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — T5IE Timer5 Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 11 — T4IE Timer4 Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 7 — CCP6IE Capture/Compare 6 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 6 — CCP5IE Capture/Compare 5 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 4 — INT1IE External Interrupt 1 Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 3 — IOCIE Interrupt-on-Change Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 2 - CMIE Comparator Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — MI2C1IE 12C2 Master Events Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — SI2C1IE [12C2 Slave Events Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled
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Interrupt Enable Register 2

Name: IEC2
Offset: 0x9C
15 14 13 12 " 10 9 8
CCT5IE DMAZIE CCT4IE CCT3IE
R/W R/W R/W R/W
0 0 0 0
7 6 5 4 3 2 1 0
DMASIE SPI2TXIE SPI2IE
R/W R/W R/W
0 0 0

Bit 15 — CCT5IE Capture/Compare/Timer5 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — DMA4IE Direct Memory Access 4 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — CCT4IE Capture/Compare/Timer4 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — CCT3IE Capture/Compare/Timer3 Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 4 — DMAS3IE Direct Memory Access 3 Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 1 — SPI2TXIE SPI2 Transfer Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — SPI2IE SPI2 General Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Interrupt Enable Register 3

Name: IEC3
Offset: 0x9E
Bit 15 14 13 12 " 10 9 8
CCP1IE RTCIE DMASIE SPI3RXIE SPI2RXIE SPIM1RXIE SPI4RXIE
R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
INT4IE INT3IE CCTS8IE CCT7IE MI2C2IE SI2C2IE CCT6IE
R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 15 — CCP1IE Capture/Compare 1 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — RTCIE Real-Time Clock and Calendar Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — DMASIE Direct Memory Access 5 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — SPI3RXIE SPI3 Receive Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — SPI2RXIE SPI2 Receive Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — SPIMRXIE SPI1 Receive Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — SPI4RXIE SPI4 Receive Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 6 — INT4IE External Interrupt 4 Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 5 — INT3IE External Interrupt 4 Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 4 — CCT8IE Capture/Compare/Timer8 Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 3 — CCT7IE Capture/Compare/Timer7 Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 2 — MI2C2IE 12C2 Master Events Interrupt Enable bit
Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — SI2C2IE 12C2 Slave Events Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — CCT6IE Capture/Compare/Timer6 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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8.3.18 Interrupt Enable Register 4
Name: IEC4
Offset: 0xAO0
Bit 15 14 13 12 " 10 9 8
DAC1IE CCPS8IE CCP7IE HLVDIE
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MI2C3IE SI2C3IE CRCIE U2ERIE U1ERIE CCP2IE
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 14 — DAC1IE 10-Bit Digital-to-Analog Converter 1 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — CCP8IE Capture/Compare 8 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — CCP7IE Capture/Compare 7 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 8 - HLVDIE High/Low-Voltage Detect Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 7 — MI2C3IE 12C3 Master Events Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 6 — SI2C3IE [12C3 Slave Events Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — CRCIE Cyclic Redundancy Check Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 - U2ERIE UART2 Error Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 206

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet

Interrupt Controller

Bit 1 — U1ERIE UART1 Error Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 —- CCP2IE Capture/Compare 2 Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled
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8.3.19 Interrupt Enable Register 5
Name: IEC5
Offset: 0xA2
Bit 15 14 13 12 11 10 9 8
CCP4IE CCP3IE SPI4TXIE SPI4IE SPI3TXIE SPI3IE U4TXIE U4RXIE
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
U4ERIE USB1IE I2C2BCIE I2C1BCIE U3TXIE U3RXIE U3ERIE
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 15 — CCP4IE Capture/Compare 4 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — CCP3IE Capture/Compare 4 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — SPI4TXIE SPI4 Transfer Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 12 — SPI4IE SPI2 General Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 11 — SPI3TXIE SPI3 Transfer Done Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — SPI3IE SPI3 General Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 9 — U4TXIE UART4 Transmitter Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 8 —- U4RXIE UART4 Receiver Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 7 — U4ERIE UART4 Error Interrupt Enable bit
Value Description

1 Interrupt enabled

0 Interrupt not enabled

Bit 6 — USB1IE USB OTG 1 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 5 — 12C2BCIE 12C2 Bus Collision Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 4 — 12C1BCIE 12C1 Bus Collision Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — U3TXIE UART3 Transmitter Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — UBRXIE UART3 Receiver Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — U3ERIE UARTS3 Error Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Interrupt Enable Register 6

Name: IEC6
Offset: 0xA4
Bit 15 14 13 12 11 10 9 8
U5SRXIE RTCCTSIE 12C3BCIE FSTIE
R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LCDATIE LCDIE CLC4IE CLC3IE CLC2IE CLC1IE
R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 15 — USRXIE UARTS Receiver Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 14 — RTCCTSIE Real-Time Clock Timestamp Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 13 — 12C3BCIE 12C3 Bus Coallision Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 10 — FSTIE FRC Self-Tuning Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 5 — LCDATIE LCD Automation Timer Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 4 — LCDIE LCD Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — CLC4IE Configurable Logic Cell 4 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 — CLC3IE Configurable Logic Cell 3 Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
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Bit 2 — CCT2IE Capture/Compare/Timer2 Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — CLC2IE Configurable Logic Cell 2 Interrupt Enable bit

Value Description

1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — CLC1IE Configurable Logic Cell 1 Interrupt Enable bit
Value Description

1 Interrupt enabled
0 Interrupt not enabled
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8.3.21 Interrupt Enable Register 7

Name: IFS7
Offset: 0xA6
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
JTAGIE UBERIE UBTXIE UBRXIE USERIE USTXIE
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 5 — JTAGIE JTAG Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 4 —- UGERIE UART®6 Error Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 3 — U6TXIE UART6 Transmitter Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 2 - U6RXIE UARTG6 Receiver Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 1 — USERIE UARTS5 Error Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled

Bit 0 — USTXIE UARTS5 Transmitter Interrupt Enable bit

Value Description
1 Interrupt enabled
0 Interrupt not enabled
© 2019-2021 Microchip Technology Inc. Datasheet DS30010203D-page 212

and its subsidiaries



PIC24FJ512GU410 Family Data Sheet

Interrupt Controller

8.3.22 Interrupt Priority Register 0
Name: IPCO
Offset: 0xA8
Bit 15 14 13 12 " 10 9 8
T11P[2:0] CCT2IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
CCT1IP[2:0] INTOIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — T1IP[2:0] Timer1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)
Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)
Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — CCT2IP[2:0] Capture/Compare/Timer2 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — CCT1IP[2:0] Capture/Compare/Timer1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — INTOIP[2:0] External Interrupt O Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.23 Interrupt Priority Register 1

Name: IPC1
Offset: 0xAA
Bit 15 14 13 12 11 10 9 8
T2IP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
DMAOIP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 14:12 — T2IP[2:0] Timer2 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)
Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)
Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 2:0 —- DMAOIP[2:0] Direct Memory Access 0 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I
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8.3.24 Interrupt Priority Register 2
Name: IPC2
Offset: 0xAC
Bit 15 14 13 12 " 10 9 8
U1RXIP[2:0] SPI1TXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
SPHIP[2:0] T3IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — U1RXIP[2:0] UART1 Receiver Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — SPI1TXIP[2:0] SPI1 Transfer Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — SPI1IP[2:0] SPI1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)
Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)
Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — T3IP[2:0] Timer3 Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.25 Interrupt Priority Register 3

Name: IPC3
Offset: OxAE
Bit 15 14 13 12 11 10 9 8
NVMIP[2:0] DMA1IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
AD1IP[2:0] U1TXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — NVMIP[2:0] NVM Program/Erase Complete Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 —- DMA1IP[2:0] Direct Memory Access 1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — AD1IP[2:0] A/D Converter 1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — U1TXIP[2:0] UART1 Transmitter Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.26 Interrupt Priority Register 4
Name: IPC4
Offset: 0xBO
Bit 15 14 13 12 " 10 9 8
IOCIP[2:0] CMIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
MI2C1IP[2:0] SI2C11P[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — IOCIP[2:0] Interrupt-on-Change Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — CMIP[2:0] Comparator Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — MI2C11P[2:0] 12C1 Master Events Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — SI2C1IP[2:0] 12C1 Slave Events Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.27 Interrupt Priority Register 5
Name: IPC5
Offset: 0xB2
Bit 15 14 13 12 " 10 9 8
CCP6IP[2:0] CCP5IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
INT1IP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 14:12 — CCP6IP[2:0] Capture/Compare 6 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — CCP5IP[2:0] Capture/Compare 5 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 2:0 — INT11P[2:0] External Interrupt 1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.28 Interrupt Priority Register 6

Name: IPC6
Offset: 0xB4
Bit 15 14 13 12 11 10 9 8
T4IP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 14:12 — T4IP[2:0] Timer4 Interrupt Priority bits
Value Description

Interrupt Priority Level 6
Interrupt Priority Level 5

Interrupt Priority Level 3
Interrupt Priority Level 2
Interrupt Priority Level 1

O LN W ooy I

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 4 (default)

Interrupt Priority Level O (lowest)
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8.3.29 Interrupt Priority Register 7
Name: IPC7
Offset: 0xB6
Bit 15 14 13 12 " 10 9 8
U2TXIP[2:0] U2RXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
INT2IP[2:0] T5IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — U2TXIP[2:0] UART2 Transmitter Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — U2RXIP[2:0] UART2 Receiver Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — INT2IP[2:0] External Interrupt 2 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — T5IP[2:0] Timer5 Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.30 Interrupt Priority Register 8

Name: IPC8
Offset: 0xB8
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SPI2TXIP[2:0] SPI2IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 6:4 — SPI2TXIP[2:0] SPI2 Transfer Done Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I

Bits 2:0 — SPI2IP[2:0] SPI2 General Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.31 Interrupt Priority Register 9

Name: IPC9
Offset: 0xBA
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DMAZ3IP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 2:0 —- DMA3IP[2:0] Direct Memory Access 3 Interrupt Priority bits
Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.32 Interrupt Priority Register 10

Name: IPC10
Offset: 0xBC
Bit 15 14 13 12 11 10 9 8
CCT3IP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 14:12 — CCT3IP[2:0] Capture/Compare/Timer3 Interrupt Priority bits

Value Description
Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6
Interrupt Priority Level 5
Interrupt Priority Level 4 (default)
Interrupt Priority Level 3
Interrupt Priority Level 2
Interrupt Priority Level 1
Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.33 Interrupt Priority Register 11
Name: IPC11
Offset: O0xBE
Bit 15 14 13 12 11 10 9 8
CCT5IP[2:0] DMA41P[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
CCT4IP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 14:12 — CCT5IP[2:0] Capture/Compare/Timer5 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — DMA4IP[2:0] Direct Memory Access 4 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 2:0 — CCT4IP[2:0] Capture/Compare/Timer4 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.34 Interrupt Priority Register 12
Name: IPC12
Offset: 0xCO0
Bit 15 14 13 12 " 10 9 8
CCT7IP[2:0] MI2C2IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
SI2C2IP[2:0] CCT6IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — CCT7IP[2:0] Capture/Compare/Timer7 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — MI2C2IP[2:0] 12C2 Master Events Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — SI2C2IP[2:0] 12C2 Slave Events Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — CCT6IP[2:0] Capture/Compare/Timer6 Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.35 Interrupt Priority Register 13
Name: IPC13
Offset: 0xC2
Bit 15 14 13 12 11 10 9 8
INT4IP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
INT3IP[2:0] CCT8IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 0 0 0

Bits 10:8 — INT41P[2:0] External Interrupt 4 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — INT3IP[2:0] External Interrupt 3 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 2:0 — CCT8IP[2:0] Capture/Compare/Timer8 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.36 Interrupt Priority Register 14
Name: IPC14
Offset: 0xC4
Bit 15 14 13 12 11 10 9 8
SPI2RXIP[2:0] SPI1RXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
SPI4RXIP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 14:12 — SPI2RXIP[2:0] SPI2 Receive Done Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — SPI1RXIP[2:0] SPI1 Receive Done Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — SPI4RXIP[2:0] SPI4 Receive Done Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.37 Interrupt Priority Register 15
Name: IPC15
Offset: 0xC6
Bit 15 14 13 12 " 10 9 8
CCP1IP[2:0] RTCIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
DMADSIP[2:0] SPI3RXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — CCP1IP[2:0] Capture/Compare 1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — RTCIP[2:0] Real-Time Clock and Calendar Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — DMAS5IP[2:0] Direct Memory Access 5 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — SPI3RXIP[2:0] SPI3 Receive Done bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.38 Interrupt Priority Register 16

Name: IPC16
Offset: 0xC8
Bit 15 14 13 12 11 10 9 8
CRCIP[2:0] U2ERIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
U1ERIP[2:0] CCP2IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — CRCIP[2:0] Cyclic Redundancy Check Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — U2ERIP[2:0] UART2 Error Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — U1ERIP[2:0] UART2 Error Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — CCP2IP[2:0] Capture/Compare 2 Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.39 Interrupt Priority Register 17

Name: IPC17
Offset: 0xCA
Bit 15 14 13 12 1 10 9 8
MI2C3IP[2:0] SI2C3IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 14:12 — MI2C3IP[2:0] 12C2 Master Events Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I

Bits 10:8 — SI2C3IP[2:0] 12C2 Slave Events Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.40 Interrupt Priority Register 18
Name: IPC18
Offset: 0xCC
Bit 15 14 13 12 11 10 9 8
CCP8IP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
CCP7IP[2:0] HLVDIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 10:8 — CCP8IP[2:0] Capture/Compare 8 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — CCP7IP[2:0] Capture/Compare 7 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 2:0 — HLVDIP[2:0] High/Low-Voltage Detect Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.41 Interrupt Priority Register 19

Name: IPC19
Offset: 0xCE
Bit 15 14 13 12 11 10 9 8
DAC1IP[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 10:8 — DAC1IP[2:0] 10-Bit Digital-to-Analog Converter 1 Interrupt Priority bits
Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.42 Interrupt Priority Register 20
Name: IPC20
Offset: 0xDO0
Bit 15 14 13 12 11 10 9 8
U3TXIP[2:0] U3RXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
U3ERIP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 14:12 — U3TXIP[2:0] UART3 Transmitter Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — U3RXIP[2:0] UART3 Receiver Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — U3ERIP[2:0] UART3 Error Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.43 Interrupt Priority Register 21
Name: IPC21
Offset: 0xD2
Bit 15 14 13 12 " 10 9 8
U4ERIP[2:0] USB1IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
12C2BCIP[2:0] 12C1BCIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — U4ERIP[2:0] UART4 Error Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — USB11IP[2:0] USB OTG 1 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — 12C2BCIP[2:0] 12C2 Bus Collision Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — 12C1BCIP[2:0] 12C1 Bus Collision Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.44 Interrupt Priority Register 22
Name: IPC22
Offset: 0xD4
Bit 15 14 13 12 " 10 9 8
SPI3TXIP[2:0] SPI3IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
U4TXIP[2:0] U4RXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — SPI3TXIP[2:0] SPI3 Transfer Done Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — SPI3IP[2:0] SPI3 General Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — U4TXIP[2:0] UART4 Transmitter Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — U4RXIP[2:0] UART4 Receiver Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.45 Interrupt Priority Register 23
Name: IPC23
Offset: 0xD6
Bit 15 14 13 12 11 10 9 8
CCP41P[2:0] CCP3IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
SPI4TXIP[2:0] SPI4IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — CCP4IP[2:0] Capture/Compare 4 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — CCP3IP[2:0] Capture/Compare 3 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — SPI4TXIP[2:0] SPI4 Transfer Done Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — SPI4IP[2:0] SPI4 General Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.46 Interrupt Priority Register 24
Name: IPC24
Offset: 0xD8
Bit 15 14 13 12 " 10 9 8
CLC4IP[2:0] CLC3IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
CLC2IP[2:0] CLC1IP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 14:12 — CLCA4IP[2:0] Configurable Logic Cell 4 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — CLC3IP[2:0] Configurable Logic Cell 3 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — CLC2IP[2:0] Configurable Logic Cell 2 Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I

Bits 2:0 — CLC1IP[2:0] Configurable Logic Cell 1 Interrupt Priority bits

7 Interrupt Priority Level 7 (highest)
6 Interrupt Priority Level 6
5 Interrupt Priority Level 5
4 Interrupt Priority Level 4 (default)
3 Interrupt Priority Level 3
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Value Description

2 Interrupt Priority Level 2

1 Interrupt Priority Level 1

0

Interrupt Priority Level 0 (lowest)
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8.3.47 Interrupt Priority Register 25

Name: IPC25
Offset: 0xDA
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
LCDATIP[2:0] LCDIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 6:4 — LCDATIP[2:0] LCD Automation Timer Interrupt bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I

Bits 2:0 — LCDIP[2:0] LCD Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)
Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)
Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.48 Interrupt Priority Register 26

Name: IPC26
Offset: 0xDC
Bit 15 14 13 12 11 10 9 8
FSTIP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 10:8 — FSTIP[2:0] FRC Self-Tuning Interrupt Priority bits
Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.49 Interrupt Priority Register 27
Name: IPC27
Offset: 0xDE
Bit 15 14 13 12 " 10 9 8
U5RXIP[2:0] RTCCTSIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
12C3BCIP[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 14:12 — U5RXIP[2:0] UARTS Receiver Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 10:8 — RTCCTSIP[2:0] Real-Time Clock and Calendar Timestamp Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — 12C3BCIP[2:0] 12C3 Bus Collision Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.50 Interrupt Priority Register 28
Name: IPC28
Offset: 0xEO
Bit 15 14 13 12 11 10 9 8
UBRXIP[2:0]
Access R/W R/W R/W
Reset 1 0 0
Bit 7 6 5 4 3 2 1 0
U5ERIP[2:0] U5TXIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 10:8 — U6RXIP[2:0] UARTG6 Receiver Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 6:4 — USERIP[2:0] UARTS5 Error Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O L N WH ooy I

Bits 2:0 — USTXIP[2:0] UARTS Transmitter Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN WH ooy I
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8.3.51 Interrupt Priority Register 29

Name: IPC29
Offset: OxE2
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
JTAGIP[2:0] UBERIP[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 0

Bits 6:4 — JTAGIP[2:0] JTAG Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)
Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)
Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I

Bits 2:0 — UG6ERIP[2:0] UART®6 Error Interrupt Priority bits
Value Description

Interrupt Priority Level 7 (highest)

Interrupt Priority Level 6

Interrupt Priority Level 5

Interrupt Priority Level 4 (default)

Interrupt Priority Level 3

Interrupt Priority Level 2

Interrupt Priority Level 1

Interrupt Priority Level O (lowest)

O LN W ooy I
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8.3.52

Bit

Access
Reset

Bit

Access
Reset

Interrupt Control and Status Register

Name: INTTREG

Offset: OxE4

Note:

1. See Table 8-1 and Table 8-2 for the vector numbers.

15 14 13 12 1 10 9 8

[ CPURQ | | VHOLD | | ILR[3:0]
R R/W R/W R/W R/W R/W
0 0 0 0 0 0
7 6 5 4 3 2 1 0

VECNUM[7:0]

R R R R R R R R
0 0 0 0 0 0 0 0

Bit 15 — CPUIRQ Interrupt Request from Interrupt Controller to CPU bit
Value Description

1 An interrupt request has occurred but has not yet been Acknowledged by the CPU; this happens when
the CPU priority is higher than the interrupt priority
0 No interrupt request is unacknowledged

Bit 13 — VHOLD Vector Number Capture Configuration bit

Value Description
1 The VECNUMX bits contain the value of the highest priority pending interrupt
0 The VECNUMX bits contain the value of the last Acknowledged interrupt (i.e., the last interrupt that has

occurred with higher priority than the CPU, even if other interrupts are pending)

Bits 11:8 — ILR[3:0] New CPU Interrupt Priority Level bits

Value Description

1111 New CPU Interrupt Priority Level bits
0001 CPU Interrupt Priority Level is 1
0000 CPU Interrupt Priority Level is O

Bits 7:0 — VECNUM[7:0] Vector Number of Pending Interrupt bits(")
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Oscillator Configuration

Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to be a
comprehensive reference source. For more information, refer to “Oscillator” (DS39700) in the “dsPIC33/PIC24
Family Reference Manual”, which is available from the Microchip website (www.microchip.com). The information in
this data sheet supersedes the information in the FRM.

The oscillator system for the PIC24FJ512GU410 family devices has the following features:

An On-Chip PLL Block to Provide a Range of Frequency Options for the System Clock
Software-Controllable Switching between Various Clock Sources
Software-Controllable Postscaler for Selective Clocking of CPU for System Power Savings

A Fail-Safe Clock Monitor (FSCM) that Detects Clock Failure and Permits Safe Application Recovery or
Shutdown

A Separate and Independently Configurable System Clock Output for Synchronizing External Hardware

A simplified diagram of the oscillator system is shown in Figure 9-1.

Figure 9-1. PIC24FJ512GU410 Family Clock Diagram

POSCMDI[1:0]
XT, HsI or EC 48 MHz to USB REF] ROSEL[3:0]
OSCI/CLKI | A |
EC Clock Input Primary PRI
Oscillator > PLLVCO |
(PRI/POSC)
0SC2/CLKO X} -~ o0 PRIPLL, SOsC
I >
OSCIOFCN (See PLL Block and FRCPLL LPRC ] Recf:tlarer;ce REFO
| USB Operation Chapter) FRC ol
Intemal Fast PRIPOSC Output
To WDT <e—{ RC (FRC) FRC, a——
Oscillator Ze _FPy
-1 FOSC
O c
a5 |
FRC .55 RODIV[14:0
From USB — S(e:lf-'l;unle - S5% FOSC
ontro 288 ToMCCPs
+~ 30 -
S0 ;
OFE
Low-Power © 3 5 -
MecPe Riog <+ RC (LPRO) R 53 . R Pori
S, Oscillator = To Peripherals
238
$O v Fov
SOSCO/SCLKI [X}— Doze To CPU
sosc Mode ° >
Secondary - Divider
SOSCI &_ Oscillator RCDIV[2:0] |
(SOSC) l DOZEN and
ToWDT, CLC, PRI DOZE[2:0]
MCCPs, RTCC I PRIPLL, FRCPLL, '
SOSCEN FRC Clock |OSCFDIV
LPRC.| Divider =
—— T
sosc,
|
DIV[14:0]
The system clock source can be provided by one of the following sources:
* Primary Oscillator (PRI or POSC) on the OSCI and OSCO pins
» Fast Internal RC (FRC) Oscillator (8 MHz)
* Primary Oscillator with PLL (PRIPLL)
* Fast Internal RC Oscillator with PLL (FRCPLL)
» Secondary Oscillator (SOSC) on the SOSCI and SOSCO pins
* Low-Power Internal RC (LPRC) Oscillator (32 kHz)
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The Primary Oscillator and FRC sources have the option of using the internal PLL block, which can generate a 4x,
6x or 8x PLL clock. If the PLL is used, the PLL clocks can then be postscaled, if necessary, and used as the system
clock. Refer to 9.8 PLL Block and USB Operation for additional information.

Each clock source (PRIPLL, FRCPLL, PRI, FRC, LPRC and SOSC) can be used as an input to an additional divider,
which can then be used to produce a divided clock source for use as a system clock (OSCFDIV).

The selected clock source generates the processor and peripheral clock sources. The processor clock source is
divided by two to produce the internal instruction cycle clock, Fcy. In this document, the instruction cycle clock is also
denoted by Fosc/2. The internal instruction cycle clock, Fosc/2, can be provided on the OSCO I/O pin for the EC
operating mode of the Primary Oscillator.

Initial Configuration on POR

The oscillator source (and operating mode) that is used at a device Power-on Reset event is selected using
Configuration bit settings. The Oscillator Configuration bit settings are located in the Configuration registers in the
program memory (refer to 4.3 Configuration Bits Overview for further details). The Primary Oscillator Configuration
bits, POSCMDI[1:0] (FOSC[1:0]), and the Oscillator Select Configuration bits, FNOSC[2:0] (FOSCSEL[2:0]), select
the oscillator source that is used at a Power-on Reset.

Clock Switching Operation

With few limitations, applications are free to switch between any of the clock sources under software control and at
any time. To limit the possible side effects that could result from this flexibility, PIC24F devices have a safeguard lock
built into the switching process.

Note: The Primary Oscillator mode has three different submodes (XT, HS and EC), which are determined by the
POSCMD[1:0] Configuration bits. While an application can switch to and from Primary Oscillator mode in software, it
cannot switch between the different Primary Oscillator submodes without reprogramming the device.

Enabling Clock Switching

To enable clock switching, the FCKSM][1:0] Configuration bits in FOSC must be programmed to ‘0x’. (Refer to
29.1 Configuration Bits for further details.) If the FCKSM[1:0] Configuration bits are programmed to ‘1x’, the clock
switching function is disabled; this is the default setting.

The NOSCJ[1:0] control bits (OSCCON[10:8]) do not control the clock selection when clock switching is disabled.
However, the COSCJ[2:0] bits (OSCCON[14:12]) will reflect the clock source selected by the FOSC Configuration bits.

The OSWEN control bit (OSCCON[0]) has no effect when clock switching is disabled; it is held at ‘0’ at all times.

Oscillator Switching Sequence

At a minimum, performing a clock switch requires this basic sequence:

If desired, read the COSCJ[2:0] bits (OSCCONJ[14:12]) to determine the current oscillator source.
Perform the unlock sequence to allow a write to the OSCCON register high byte.

Write the appropriate value to the NOSCJ[2:0] bits (OSCCON[10:8]) for the new oscillator source.
Perform the unlock sequence to allow a write to the OSCCON register low byte.

5. Set the OSWEN bit to initiate the oscillator switch.

PoObN-=

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

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

If a valid clock switch has been initiated, the LOCK (OSCCON]I5]) and CF (OSCCONJ3]) bits are cleared.

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 it is ready. If the new source is using the PLL, then the hardware waits until a PLL lock is
detected (LOCK = 1).
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The hardware waits for ten clock cycles from the new clock source and then performs the clock switch.

The hardware clears the OSWEN bit to indicate a successful clock transition. In addition, the NOSCJ[2:0] bits value is
transferred to the COSC[2:0] bits.

The old clock source is turned off at this time, unless this oscillator is needed for other modules.

The processor will continue to execute code throughout the clock switching sequence. Timing-sensitive code should
not be executed during this time.

Direct clock switches between any Primary Oscillator mode with PLL and FRC with PLL mode are not permitted.
This applies to clock switches in either direction. In these instances, the application must switch to FRC mode as a
transitional clock source between the two PLL modes.

A recommended code sequence for a clock switch includes the following:

1. Disable interrupts during the OSCCON register unlock and write sequence.

2. Execute the unlock sequence for the OSCCON high byte by writing 78h and 9Ah to OSCCON[15:8] in two
back-to-back instructions.

3.  Write the new oscillator source to the NOSCx bits in the instruction immediately following the unlock sequence.

4. Execute the unlock sequence for the OSCCON low byte by writing 46h and 57h to OSCCON][7:0] in two
back-to-back instructions.

5. Set the OSWEN bit in the instruction immediately following the unlock sequence.
6. Continue to execute code that is not clock-sensitive (optional).

7. Invoke an appropriate amount of software delay (cycle counting) to allow the selected oscillator and/or PLL to
start and stabilize.

8. Check to see if OSWEN is ‘0’; if it is, the switch was successful. If OSWEN is still set, then check the LOCK bit
to determine the cause of the failure.

The assembler code sequence for unlocking the OSCCON register and initiating a clock switch is shown below:

Example 9-1. Unlocking OSCCON and Initiating a Clock Switch

; OSCCONH (high byte) Unlock Sequence
mov #OSCCONH, wl

mov #0x78, w2

mov #0x9A, w3

mov.b w2, [wl]

mov.b w3, [wl]

; Set new oscillator selection

mov #<New Clock Option Number>, w0
mov.b w0, OSCCONH

; OSCCONL (low byte) unlock sequence
mov #OSCCONL, wl

mov #0x46, w2

mov #0x57, w3

mov.b w2, [wl]

mov.b w3, [wl]

; Start oscillator switch operation
bset OSCCON, #0

The MPLAB® XC16 C compiler offers “built-in” functions for the clock switching as follows:

Example:

__builtin write OSCCONH (<New Clock Option Number>) ;
__builtin write OSCCONL (OSCCON | 0x01); // Start oscillator switch operation

Fail-Safe Clock Monitor (FSCM)

The Fail-Safe Clock Monitor (FSCM) detects clock failures. In case of a clock problem, the Fail-Safe Clock Monitor
switches the clock to the on-chip Low-Power RC oscillator (LPRC) and generates the oscillator trap. To enable clock
switching, the FCKSM[1:0] Configuration bits in FOSC must be programmed to ‘00’.
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Internal Fast RC (FRC) Oscillator with Active Clock Tuning

The FRC includes an automatic mechanism to calibrate the frequency during run time. This system uses active clock
tuning from a source of known accuracy to maintain the FRC within a very narrow margin of its nominal 8 MHz
frequency. The TUN[5:0] bits in the OSCTUN register allow applications to fine-tune the FRC Oscillator over a range
of approximately £1.5%.

The self-tune system is controlled by the bits in the upper half of the OSCTUN register. Setting the STEN bit
(OSCTUN][15]) enables the self-tuning feature, allowing the hardware to calibrate to a source selected by the STSRC
bit (OSCTUNI[12]).

When STSRC = 0, the system uses the crystal-controlled SOSC for its calibration source. Regardless of the source,
the system uses the TUNJ[5:0] bits (OSCTUNI5:0]) to change the FRC Oscillator’s frequency. Frequency monitoring
and adjustment are dynamic, occurring continuously during run time. While the system is active, the TUN[5:0] bits
cannot be written to by software.

The self-tune system can generate a hardware interrupt, FSTIF. The interrupt can result from a drift of the FRC from
the reference, by greater than 0.2% in either direction, or whenever the frequency deviation is beyond the ability of
the TUN[5:0] bits to correct (i.e., greater than 1.5%). The STLOCK and STOR status bits (OSCTUN[11,9]) are used to
indicate these conditions.

The STLPOL and STORPOL bits (OSCTUNJ[10,8]) configure the FSTIF interrupt to occur in the presence or the
absence of the conditions. It is the user’s responsibility to monitor both the STLOCK and STOR bits to determine the
exact cause of the interrupt.

Note: The STLPOL and STORPOL bits should be ignored when the self-tune system is disabled (STEN = 0).

Primary Oscillator (PRI or POSC)

The PIC24FJ512GU410 family devices feature a Primary Oscillator (POSC), which is available on the OSCI and
OSCO pins. This connection enables an external crystal (or ceramic resonator) to provide the clock to the device.
The Primary Oscillator provides three modes of operation:

* Medium Speed Oscillator (XT Mode): The XT mode is a Medium Gain, Medium Frequency mode used to work
with crystal frequencies of 3.5 MHz to 10 MHz.

» High-Speed Oscillator (HS Mode): The HS mode is a High-Gain, High-Frequency mode used to work with
crystal frequencies of 10 MHz to 32 MHz.

» External Clock Source Operation (EC Mode): If the crystal driver is disabled, the EC mode allows the internal
oscillator to be bypassed. The device clocks are generated from an external source (0 MHz to up to 64 MHz)
and input on the CLKI pin.

Low-Power RC (LPRC) Oscillator
The PIC24FJ512GU410 family devices contain one instance of the Low-Power RC (LPRC) Oscillator and provides
a nominal clock frequency of 32 kHz. The LPRC Oscillator is the clock source for the Power-up Timer (PWRT),
Watchdog Timer (WDT) and Fail-Safe Clock Monitor (FSCM) circuits in the clock subsystem. The LPRC Oscillator is
enabled at power-on. The LPRC Oscillator remains enabled under these conditions:

* The FSCM is enabled

* The WDT is enabled

» The LPRC Oscillator is selected as the system clock

If none of these conditions is true, the LPRC Oscillator shuts off after the PWRT expires. The LPRC Oscillator is shut
off in Sleep mode.
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Secondary Oscillator (SOSC)

Basic Operation

PIC24FJ512GU410 family devices do not have to set the SOSCEN bit to use the Secondary Oscillator. Any module
requiring the SOSC (such as the RTCC or Timer1) will automatically turn on the SOSC when the clock signal is
needed. The SOSC, however, has a long start-up time (as long as one second). To avoid delays for peripheral
start-up, the SOSC can be manually started using the SOSCEN bit.

To use the Secondary Oscillator, the SOSCSEL bit (FOSC[3]) must be set to ‘1’. Programming the SOSCSEL bit to
‘0’ configures the SOSC pins for Digital mode, enabling digital I/O functionality on the pins.

Crystal Selection
The 32.768 kHz crystal used for the SOSC must have the following specifications in order to properly start up and run
at the correct frequency when the SOSC is in High-Power mode (default):

* 12.5 pF loading capacitance
* 1.0 pF shunt capacitance
» A typical ESR of 35k-50k; 70k maximum

In addition, the two external crystal loading capacitors should be in the range of 18 pF-22 pF, which will be based on
the PC board layout. The capacitors should be COG, 5% tolerance and rated 25V or greater.

The accuracy and duty cycle of the SOSC can be measured on the REFO pin, and is recommended to be in the
range of 40-60% and accurate to +0.65 Hz.

Low-Power Operation

The Secondary Oscillator can operate in two distinct levels of power consumption based on device configuration.

In Low-Power mode, the oscillator operates in a low drive strength, low-power state. By default, the oscillator uses

a higher drive strength, and therefore, requires more power. Low-Power mode is selected by Configuration bit,
SOSCHP (FDEVOPT1[3]). The lower drive strength of this mode makes the SOSC more sensitive to noise and
requires a longer start-up time. This mode can be used with lower load capacitance crystals (6 pF-9 pF) to reduce
Sleep current in the RTCC. When Low-Power mode is used, care must be taken in the design and layout of the
SOSC circuit to ensure that the oscillator starts up and oscillates properly. PC board layout issues, stray capacitance
and other factors will need to be carefully controlled in order for the crystal to operate.

PLL Block and USB Operation

The PLL block, shown in Figure 9-2, can generate a wide range of clocks used for both parts with USB functionality
(PIC24FJXXXGU4XX devices) and non-USB functionality (PIC24FJXXXGL4XX devices). All of the PLL modes are
available regardless if USB is present or not.

The PLL input clock source (FRC or POSC) is controlled by the COSC[2:0] bits (OSCCON][14:12]) if the PLL output is
used as a system clock. When COSC[2:0] = 001 (FRCPLL), the PLL is clocked from FRC. When COSC[2:0] = 011
(PRIPLL), the Primary Oscillator (POSC) is connected to the PLL. The default COSC[2:0] value is selected by the
FNOSCJ2:0] Configuration bits (FOSCSEL][2:0]). Also, REFO can use the PLL when it is not selected for the system
clock (COSC[2:0] bits (OSCCON[14:12]) are not ‘001’ or ‘011’). In this case, the PLL clock source is selected by

the PLLSS Configuration bit (FOSC[4]). If PLLSS is cleared (‘0’), the PLL is fed by the FRC Oscillator. If the PLLSS
Configuration bit is not programmed (‘1’), the PLL is clocked from the Primary Oscillator.

When used in a USB application, the 48 MHz internal clock must be running at all times, which requires the VCO

of the PLL to run at 96 MHz. This, in turn, forces the system clock (that drives the CPU and peripherals) to route

the 96 MHz through a fixed divide-by-3 block (generating 32 MHz) and then through a selection of four fixed divisors
(‘postscaler’). The postscaler controlled by the CPDIV[1:0] bits output becomes the system clock.

The input to the PLL must be 4 MHz when used in a USB application, which restricts the frequency input sources to
be used with a small set of fixed frequency dividers (see Figure 9-2). The 96 MHz (USB) PLL prescaler is configured
by the PLLMODE[3:0] Configuration bits. For example, if a 12 MHz crystal is used, the PLLMODE[3:0] Configuration
bits must be set for divide-by-3 to generate the required 4 MHz. A popular baud rate crystal is 11.0592 MHz, but this
value cannot be used for USB operation as there are no divisors available to generate 4 MHz exactly.
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Non-USB operation allows a wider range of PLL input frequencies. The multiplier ratios can be selected as 4x, 6x or
8x. There is no clock prescaler. The postscaler (CPDIV[1:0]) is available and can be used to reduce the system clock
to meet the 32 MHz maximum frequency specification. Note that the minimum input frequency to the PLL is 2 MHz,
but the range is from 2 MHz to 8 MHz.

Figure 9-2. PLL Block

COSC[2:0)/FNOSC[2:0] = 001 (FRCPLL);
COSC[2:0)/FNOSC[2:0] = 011 (PRIPLL);
otherwise, PLLSS bit (FOSC[4]) for REFO(")

PLLMODE[3:0]"

\I\ 5] 48MHzto USB
212 L=

» 0111
Input from +8 10110 96 MHz 8
POSC 5 +g > 0101 _ *4~
Input from .| = 8 F——={0100 |4 MHz —132MHz |28 | =410 | PLL Output
o j2 » 0010 1,
££ > 0001 —
= » 0000
CPDIV[1:0]
1100
2 MHz-8 MHz _.IEI 1101
1110
/

Note:

1. The FNOSCJ[2:0], PLLMODE[3:0] and PLLSS bits are in the configuration area. See the FOSC and FOSCSEL
Configuration registers (29.1.6 FOSC and 29.1.5 FOSCSEL) for more information.

Reference Clock Output

In addition to the CLKO output (Fosc/2), the device clock in the PIC24FJ512GU410 family devices can also

be configured to provide a reference clock output signal to a port pin. This feature is available in all oscillator
configurations and allows the user to select a greater range of clock submultiples to drive external devices in the
application. CLKO is enabled by Configuration bit, OSCIOFCN, and is independent of the REFO reference clock.
REFO is mappable to any I/O pin that has mapped output capability. Refer to Table 11-3 for more information.

This reference clock output is controlled by the REFOCONL and REFOCONH registers. Setting the ROEN bit
(REFOCONL[15]) makes the clock signal available on the REFO pin. The RODIV[14:0] bits (REFOCONH[14:0])
enable the selection of different clock divide options. The ROSWEN bit (REFOCONL[9]) indicates that the clock
divider has successfully switched. In order to change the divider, the user should wait until this bit has been cleared.
Write the updated values to RODIV[14:0], set the ROSWEN bit and then wait until it is cleared before assuming that
the REFO clock is valid.

The ROSEL[3:0] bits (REFOCONL[3:0]) determine which clock source is used for the reference clock output. The
ROSLP bit (REFOCONL[11]) determines if the reference source is available on REFO when the device is in Sleep
mode.

The ROOUT bit enables/disables the reference clock output on the REFO pin.

The ROACTIVE bit (REFOCONL[8]) indicates that the module is active; it can be cleared by disabling the module
(setting ROEN to ‘0’). The user must not change the reference clock source or adjust the divider when the
ROACTIVE bit indicates that the module is active. To avoid glitches, the user should not disable the module until
the ROACTIVE bit is ‘1°.
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The PLLSS Configuration bit (FOSC[4]), when cleared, can be used to generate a REFO clock with the PLL that is
independent of the system clock. For example, if the system clock is using FRC at 8 MHz, the PLL can use the FRC

as the input and generate 32 MHz (PLL 4x mode) out of REFO.

Figure 9-3. Reference Clock Generator

ROOUT
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SOSC —*|
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Oscillator Registers

I I = 2 I RN AN (N I I

0x00
OxFF
0x0100

0x0102

0x0104
0x0105
0x0106

0x0108
0x010B
0x010C

0x010E

0x0110
0x0167
0x0168

0x016A

9.10.1

Reserved

OSCCON(1)

CLKDIV

Reserved

OSCTUN

Reserved

OSCDIV

OSCFDIV(1)

Reserved

REFOCONL

REFOCONH

7:0
15:8
7:0
15:8

7:0
15:8

7:0
15:8
7:0
15:8

7:0
15:8
7:0
15:8

CLKLOCK IOLOCK

CPDIV[1:0]

ROI

STEN

TRIM[O]

ROEN

Control Registers Overview

The OSCCON register is the main control register for the oscillator. It controls clock source switching and allows
the monitoring of clock sources. OSCCON is protected by a write lock to prevent inadvertent clock switches. See
9.2 Clock Switching Operation for more information.

LOCK
COSC[2:0]
PLLEN
DOZE[2:0]

STSIDL

ROSIDL

CF POSCEN | SOSCEN OSWEN
NOSC[2:0]
DOZEN RCDIV[2:0]
TUN[5:0]
STSRC STLOCK STLPOL STOR STORPOL
DIV[7:0]
DIV[14:8]
TRIM[7:1]
ROSEL[3:0]
ROOUT ROSLP ROSWEN | ROACTIV
RODIV[7:0]
RODIV[14:8]

The CLKDIV register controls the features associated with Doze mode, as well as the postscalers for the OSCFDIV
Clock mode and the PLL module.

The OSCDIV and OSCFDIV registers provide control for the system oscillator frequency divider.
The REFOCONL and REFOCONH registers control the reference clock feature.
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9.10.2 FRC Oscillator Tuning Register

Name: OSCTUN
Offset: 0x106
Note

1. Use of either clock tuning reference source has specific application requirements. See 9.4 Internal Fast RC
(FRC) Oscillator with Active Clock Tuning for details.

2. These bits are read-only when STEN = 1.

Bit 15 14 13 12 11 10 9 8
[ STEN | | sSTSIDL | STSRC STLOCK STLPOL STOR STORPOL
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TUN[5:0]
Access RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0

Bit 15 - STEN FRC Self-Tune Enable bit

Value Description
1 FRC self-tuning is enabled; TUNXx bits are controlled by hardware
0 FRC self-tuning is disabled; application may optionally control the TUNX bits

Bit 13 — STSIDL FRC Self-Tune Stop in Idle bit
Value Description
1 Self-tuning stops during Idle mode
0 Self-tuning continues during Idle mode

Bit 12 - STSRC FRC Self-Tune Reference Clock Source bit(

Value Description
1 FRC approximately matches the USB host clock tolerance
0 FRC approximately matches the 32.768 kHz SOSC tolerance

Bit 11 — STLOCK FRC Self-Tune Lock Status bit

Value Description
1 FRC accuracy is currently within £0.2% of the STSRC reference accuracy
0 FRC accuracy may not be within £0.2% of the STSRC reference accuracy

Bit 10 — STLPOL FRC Self-Tune Lock Interrupt Polarity bit

Value Description
1 A self-tune lock interrupt is generated when STLOCK is ‘0’
0 A self-tune lock interrupt is generated when STLOCK is ‘1’

Bit 9 — STOR FRC Self-Tune Out of Range Status bit

Value Description
1 STSRC reference clock error is beyond the range of TUN[5:0]; no tuning is performed
0 STSRC reference clock is within the tunable range; tuning is performed

Bit 8 - STORPOL FRC Self-Tune Out of Range Interrupt Polarity bit

Value Description
1 A self-tune out of range interrupt is generated when STOR is ‘0’
0 A self-tune out of range interrupt is generated when STOR is ‘1’

Bits 5:0 — TUN[5:0] FRC Oscillator Tuning bits(2)
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Value Description

011111 A self-tune out of range interrupt is generated when STOR is ‘0’
011110 A self-tune out of range interrupt is generated when STOR is ‘1’
000001

000000 Center frequency oscillator is running at factory calibrated frequency
111111

100001
100000 Minimum frequency deviation
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9.10.3 Oscillator Control Register

Name:

Offset

Notes:

1.

4.

OSCCON("
0x100

OSCCON is protected by a write lock to prevent inadvertent clock switches. See 9.2 Clock Switching
Operation for more information.

Reset values for these bits are determined by the FNOSCx Configuration bits.

The state of the IOLOCK bit can only be changed once an unlocking sequence has been executed. In
addition, if the IOL1WAY Configuration bit is ‘1°, once the IOLOCK bit is set, it cannot be cleared.

This bit also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.

Legend: y = Value Set from Configuration bits on POR

Bit 15 14 13 12 11 10 9 8
| | COSC[2:0] | NOSC[2:0]
Access R R R R/W R/W R/W
Reset 0 0 X y y y
Bit 7 6 5 4 3 2 1 0
CLKLOCK IOLOCK LOCK CF POSCEN SOSCEN OSWEN
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 14:12 — COSC[2:0] Current Oscillator Selection bits(?)

Value
111
110
101
100
011
010
001
000

Description

Oscillator with Frequency Divider (OSCFDIV)
Reserved

Low-Power RC Oscillator (LPRC)

Secondary Oscillator (SOSC)

Primary Oscillator with PLL module (XTPLL, ECPLL)
Primary Oscillator (XT, HS, EC)

Fast RC Oscillator with PLL module (FRCPLL)

Fast RC Oscillator (FRC)

Bits 10:8 — NOSC[2:0] New Oscillator Selection bits(?)

Value
111
110
101
100
011
010
001
000

Description

Oscillator with Frequency Divider (OSCFDIV)
Reserved

Low-Power RC Oscillator (LPRC)

Secondary Oscillator (SOSC)

Primary Oscillator with PLL module (XTPLL, ECPLL)
Primary Oscillator (XT, HS, EC)

Fast RC Oscillator with PLL module (FRCPLL)

Fast RC Oscillator (FRC)

Bit 7 — CLKLOCK Clock Lock Enable bit

Value

Description
If FSCM is Enabled (FCKSMJ[1:0] = 00):

Clock and PLL selections are locked

Clock and PLL selections are not locked and may be modified by setting the OSWEN bit

If FSCM is Disabled (FCKSM[1:0] = 1x):

Clock and PLL selections are never locked and may be modified by setting the OSWEN bit.

Bit 6 — IOLOCK 1/0 Lock Enable bit(3
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Value Description
1 1/0 lock is active
0 I/0 lock is not active

Bit 5— LOCK PLL Lock Status bit(®

Value Description
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

Bit 3 — CF Clock Fail Detect bit

Value Description
1 FSCM has detected a clock failure
0 FSCM has not detected a clock failure

Bit 2 - POSCEN Primary Oscillator Sleep Enable bit

Value Description
1 Primary Oscillator continues to operate during Sleep mode
0 Primary Oscillator is disabled during Sleep mode

Bit 1 - SOSCEN 32 kHz Secondary Oscillator (SOSC) Enable bit

Value Description
1 Enables Secondary Oscillator
0 Disables Secondary Oscillator

Bit 0 — OSWEN Oscillator Switch Enable bit

Value Description
1 Initiates an oscillator switch to a clock source specified by the NOSC[2:0] bits
0 Oscillator switch is complete
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9.10.4 Clock Divider Register
Name: CLKDIV
Offset: 0x102
Note:
1. This bit is automatically cleared when the ROI bit is set and an interrupt occurs.
Bit 15 14 13 12 " 10 9 8
| ROI | DOZE[2:0] | DOZEN | RCDIV[2:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CPDIV[1:0] PLLEN
Access R/W R/W R/W
Reset 0 0 1

Bit 15 — ROl Recover on Interrupt bit

Value Description

1 Interrupts will clear the DOZEN bit and the processor clock, and the peripheral clock ratio is set to 1:1
0 Interrupts have no effect on the DOZEN bit

Bits 14:12 — DOZE[2:0] CPU Peripheral Clock Ratio Select bits
Value Description

111 1:128

110 1:64

101 1:32

100 1:16

011 1:8 (default)
010 1:4

001 1:2

000 1:1

Bit 11 — DOZEN Doze Mode Enable bit(1)

Value Description
1 DOZE[2:0] bits specify the CPU peripheral clock ratio
0 CPU peripheral clock ratio is set to 1:1

Bits 10:8 — RCDIV[2:0] System Frequency Divider Clock Source Select bits
Value Description

111 Reserved; do not use

110 Reserved

101 Low-Power RC Oscillator (LPRC)

100 Secondary Oscillator (SOSC)

011 Primary Oscillator (XT, HS, EC) with PLL module (XTPLL, HSPLL, ECPLL)
010 Primary Oscillator (XT, HS, EC)

001 Fast RC Oscillator (FRC) with PLL module (FRCPLL)

000 Fast RC Oscillator (FRC)

Bits 7:6 — CPDIV[1:0] System Clock Select bits (postscaler select from PLL, 32 MHz clock branch)
Value Description

11 Divide by 8
10 Divide by 4
01 Divide by 2
00 Divide by 1 (default)
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Bit 5 - PLLEN PLL Enable bit

Value Description

1 PLL is always active (including Sleep modes)
0 PLL is only active when a PLL Oscillator mode is selected (OSCCON[14:12] = 001 or 011)
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9.10.5 Oscillator Divisor Register

Name: OSCDIV
Offset: 0x10C
Bit 15 14 13 12 1" 10 9 8
DIV[14:8]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DIV[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 14:0 — DIV[14:0] Reference Clock Divider bits
Specifies the 1/2 period of the reference clock in the source clocks
(ex: Period of ref_clk_output = [Reference Source * 2] * DIV[14:0]).

111111111111111 Oscillator frequency divided by 65,534 (32,767 * 2)
111111111111110 Oscillator frequency divided by 65,532 (32,766 * 2)
000000000000011 Oscillator frequency divided by 6 (3 * 2)
000000000000010 Oscillator frequency divided by 4 (2 * 2)
000000000000001 Oscillator frequency divided by 2 (1 * 2) (default)
000000000000000

Oscillator frequency is unchanged (no divider)
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9.10.6 Oscillator Fractional Divisor Register

Name: OSCFDIV()
Offset: 0x10E
Note:

1. TRIMXx values greater than zero are ONLY valid when DIVx values are greater than zero.

Bit 15 14 13 12 11 10 9 8
| | TRIM[7:1]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TRIM[0] |
Access R/W
Reset 0

Bits 14:7 — TRIM[7:0] Trim bits
Provides fractional additive to the DIV[14:0] bits value for the 1/2 period of the oscillator clock.

Value Description
000000000 0/512 (0.0) divisor added to DIVx value
000000001 1/512 (0.001953125) divisor added to DIVx value
000000010 2/512 (0.00390625) divisor added to DIVx value
100000000 256/512 (0.5000) divisor added to DIVx value
111111110 510/512 (0.99609375) divisor added to DIVx value
111111111 511/512 (0.998046875) divisor added to DIVx value
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9.10.7

Bit

Access
Reset

Bit

Access
Reset

Reference Oscillator Control Register Low

Name: REFOCONL
Offset: 0x168

Legend: HC = Hardware Clearable bit

15 14 13 12 1 10 9 8
[ ROEN | | ROsIDL | ROOUT ROSLP ROSWEN ROACTIV
RIW RW RIW RIW R/W/HC R
0 0 0 0 0 0
7 6 5 4 3 2 1 0
ROSEL[3:0]
RIW RIW RIW RIW
0 0 0 0

Bit 15 — ROEN Reference Oscillator Output Enable bit

Value Description
1 Reference Oscillator module is enabled
0 Reference Oscillator module is disabled

Bit 13 — ROSIDL REFO Stop in Idle Mode bit

Value Description
1 Discontinues module operation when device enters Idle mode
0 Continues module operation in Idle mode

Bit 12 - ROOUT Reference Clock Output Enable bit

Value Description
1 Reference clock is driven out on the REFO pin
0 Reference clock is not driven out on the REFO pin

Bit 11 — ROSLP Reference Oscillator Output Stop in Sleep bit

Value Description
1 Reference Oscillator continues to run in Sleep mode
0 Reference Oscillator is disabled in Sleep mode

Bit 9 —- ROSWEN Reference Clock RODIVx Switch Enable bit

Value Description
1 Switches clock divider; clock divider switching is currently in progress
0 Clock divider switch has been completed

Bit 8 - ROACTIV Reference Clock Request Status bit

Value Description
1 Reference clock is active (user should not change the REFO settings)
0 Reference clock is inactive (user can update the REFO settings)

Bits 3:0 — ROSEL[3:0] Reference Clock Source Select bits

1111-1001 Reserved
1000 REFI pin
0111 Reserved
0110 PLL VCO (PLL output before postscaler)
0101 SOSC
0100 LPRC
0011 FRC
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Value Description
0010 POSC
0001 System clock (Fosc/2)
0000 Fosc
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9.10.8 Reference Oscillator Control Register High

Name: REFOCONH
Offset: Ox16A
Bit 15 14 13 12 1" 10 9 8
RODIV[14:8]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RODIV[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 14:0 — RODIV[14:0] Reference Clock Divider bits
Specifies 1/2 period of the reference clock in the source clocks (ex: Period of Output = [Reference Source * 2] *
RODIV[14:0]; this equation does not apply to RODIV[14:0] = 0).

Value Description

111111111111111 REFO clock is the base clock frequency divided by 65,534 (32,767 * 2)
111111111111110 REFO clock is the base clock frequency divided by 65,532 (32,766 * 2)
000000000000011 REFO clock is the base clock frequency divided by 6 (3 * 2)
000000000000010 REFO clock is the base clock frequency divided by 4 (2 * 2)
000000000000001 REFO clock is the base clock frequency divided by 2 (1 * 2)
000000000000000 REFO clock is the same frequency as the base clock (no divider)
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Power-Saving Features

Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to be a
comprehensive reference source. For more information, refer to “Power-Saving Features with Deep Sleep”
(DS39727) in the “dsPIC33/PIC24 Family Reference Manual”, which is available from the Microchip website
(www.microchip.com). The information in this data sheet supersedes the information in the FRM.

The PIC24FJ512GU410 family of devices provides the ability to manage power consumption by selectively managing
clocking to the CPU and the peripherals. In general, a lower clock frequency and a reduction in the number of circuits
being clocked constitutes lower consumed power. All PIC24F devices manage power consumption in four different
ways:

» Clock Frequency

* Instruction-Based Sleep and Idle modes

« Software Controlled Doze mode

» Selective Peripheral Control in Software

Combinations of these methods can be used to selectively tailor an application’s power consumption, while still
maintaining critical application features, such as timing-sensitive communications.

Clock Frequency and Clock Switching

PIC24F devices allow for a wide range of clock frequencies to be selected under application control. If the system
clock configuration is not locked, users can choose low-power or high-precision oscillators by simply changing the
NOSC]J2:0] bits. The process of changing a system clock during operation, as well as limitations to the process, are
discussed in more detail in 9. Oscillator Configuration.

Instruction-Based Power-Saving Modes

PIC24F devices have two special power-saving modes that are entered through the execution of a special PWRSAV
instruction. Sleep mode stops clock operation and halts all code execution; Idle mode halts the CPU and code
execution, but allows peripheral modules to continue operation. The assembly syntax of the PWRSAV instruction is
shown below:

Example:

PWRSAV #1 ; places part in Idle
PWRSAV #0 ; places part in Sleep

The MPLAB® XC16 C compiler offers “built-in” functions for the power-saving modes as follows:

Example:
Idle(); // places part in Idle
Sleep(); // places part in Sleep

Sleep and Idle modes can be exited as a result of an enabled interrupt, WDT time-out or a device Reset. When the
device exits these modes, it is said to “wake-up”.

Sleep Mode
Sleep mode has these features:

» The system clock source is shut down. If an on-chip oscillator is used, it is turned off.

» The device current consumption will be reduced to a minimum provided that no 1/O pin is sourcing current.

» The Fail-Safe Clock Monitor does not operate during Sleep mode since the system clock source is disabled.
» The LPRC clock will continue to run in Sleep mode if the WDT is enabled.

» The WDT, if enabled, is automatically cleared prior to entering Sleep mode.
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» Some device features or peripherals may continue to operate in Sleep mode. This includes items, such as the
Input Change Notification (ICN) on the 1/O ports or peripherals that use an external clock input. Any peripheral
that requires the system clock source for its operation will be disabled in Sleep mode.

The device will wake-up from Sleep mode on any of these events:

» On any interrupt source that is individually enabled
* On any form of device Reset
* Ona WDT time-out
On wake-up from Sleep, the processor will restart with the same clock source that was active when Sleep mode

was entered. The instruction execution begins starting with the instruction following the PWRSAV instruction or the first
instruction in the ISR.

Idle Mode
Idle mode has these features:

» The CPU will stop executing instructions.
» The WDT is automatically cleared.

» The system clock source remains active. By default, all peripheral modules continue to operate normally from
the system clock source, but can also be selectively disabled (see 10.4 Selective Peripheral Module Control).

» Ifthe WDT or FSCM is enabled, the LPRC will also remain active.
The device will wake from Idle mode on any of these events:

* Any interrupt that is individually enabled
* Any device Reset
+ AWDT time-out

On wake-up from Idle, the clock is reapplied to the CPU and instruction execution begins immediately, starting with
the instruction following the PWRSAV instruction or the first instruction in the ISR.

Interrupts Coincident with Power Save Instructions

Any interrupt that coincides with the execution of a PWRSAV instruction will be held off until entry into Sleep or Idle
mode has completed. The device will then wake-up from Sleep or Idle mode.

Low-Voltage Regulator Mode and Band Gap Power

PIC24FJ512GU410 family devices incorporate a Low-Power and Low-Voltage Regulator mode. This Regulator mode
allows the data RAM and WDT to be maintained in power-saving modes at a low-voltage level, from 0.9V to 1.2V on
the VCAP pln

Low-Voltage Sleep uses less power than standard Sleep mode, but takes more time to recover and begin the code
execution. An additional 10-15 ps (typical) is required to charge Vcap to 1.8V and start to execute instructions when
exiting Low-Voltage Sleep.

The VREGS bit (RCON]J8]) allows control of the band gap circuit power. It changes the speed to exit from the Sleep
modes (Regular and Low-Voltage). When the VREGS bit is cleared (= 0), the band gap is powered in Sleep mode. It
increases the current but reduces time to recover from Sleep by ~10 ps.

The Low-Voltage Regulator mode is only available when Sleep mode is invoked. It is controlled by the LPREGEN
Configuration bit (FPOR[2]) and in firmware by the RETEN bit (RCON[12]). LPREGEN must be programmed (= 0)
and the RETEN bit must be set (= 1) for the Low-Voltage Regulator mode.

Summary of Low-Power Sleep Modes

The low-voltage RETEN bit (RCON[12]) and the standby VREGS bit (RCON[8]) allow for four different Sleep modes,
which will vary by wake-up time and power consumption. Refer to Table 10-1 for a summary of these modes. Specific
information about the current consumption and wake times can be found in 32. Electrical Characteristics.
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Table 10-1. Low-Power Sleep Modes

Standby Sleep A Few pA Range
0 1 Sleep 100 pA Range
1 0 Low-Voltage Standby Sleep Less than 1 pA
1 1 Low-Voltage Sleep A Few pA Range

Doze Mode

Generally, changing clock speed and invoking one of the power-saving modes are the preferred strategies for
reducing power consumption. There may be circumstances, however, where this is not practical. For example, it may
be necessary for an application to maintain uninterrupted synchronous communication, even while it is doing nothing
else. Reducing system clock speed may introduce communication errors, while using a power-saving mode may stop
communications completely.

Doze mode is a simple and effective alternative method to reduce power consumption while the device is still
executing code. In this mode, the system clock continues to operate from the same source and at the same

speed. Peripheral modules continue to be clocked at the same speed while the CPU clock speed is reduced.
Synchronization between the two clock domains is maintained, allowing the peripherals to access the SFRs while the
CPU executes code at a slower rate.

Doze mode is enabled by setting the DOZEN bit (CLKDIV[11]). The ratio between peripheral and core clock speed is
determined by the DOZE[2:0] bits (CLKDIV[14:12]). There are eight possible configurations, from 1:1 to 1:256, with
1:1 being the default.

It is also possible to use Doze mode to selectively reduce power consumption in event-driven applications. This
allows clock-sensitive functions, such as synchronous communications, to continue without interruption while the
CPU Idles, waiting for something to invoke an interrupt routine. Enabling the automatic return to full-speed CPU
operation on interrupts is enabled by setting the ROI bit (CLKDIV[15]). By default, interrupt events have no effect on
Doze mode operation.

Selective Peripheral Module Control

Idle and Doze modes allow users to substantially reduce power consumption by slowing or stopping the CPU
clock. Even so, peripheral modules still remain clocked, and thus, consume power. There may be cases where
the application needs what these modes do not provide: the allocation of power resources to CPU processing with
minimal power consumption from the peripherals.

PIC24F devices address this requirement by allowing peripheral modules to be selectively disabled, reducing or
eliminating their power consumption. This can be done with two control bits:

» The Peripheral Enable bit, generically named, “XXXEN”", located in the module’s main control SFR.

* The Peripheral Module Disable (PMD) bit, generically named, “XXXMD”, located in one of the PMD Control
registers.

Both bits have similar functions in enabling or disabling their associated module. Setting the PMD bit for a module
disables all clock sources to that module, reducing its power consumption to an absolute minimum. In this state, the
control and status registers associated with the peripheral will also be disabled, so writes to those registers will have
no effect and read values will be invalid. Many peripheral modules have a corresponding PMD bit.
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In contrast, disabling a module by clearing its XXXEN bit disables its functionality, but leaves its registers available
to be read and written to. This reduces power consumption, but not by as much as setting the PMD bit does. Most
peripheral modules have an enable bit; exceptions include input capture, output compare and RTCC.

To achieve more selective power savings, peripheral modules can also be selectively disabled when the device
enters Idle mode. This is done through the control bit of the generic name format, “XXXIDL”". By default, all modules
that can operate during Idle mode will do so. Using the disable on Idle feature allows further reduction of power
consumption during Idle mode, enhancing power savings for extremely critical power applications.
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10.5 Peripheral Module Disable Registers

I I = 2 I RN AN (N I I

0x00
Reserved
0x0177
7:0 12C1MD U2MD U1MD SPI2MD SPI1MD AD1MD
0x0178 PMD1
15:8 T5MD T4MD T3MD T2MD T1MD
0x017A
Reserved
0x017B
0x017C PMD3 7:0 CRCMD DAC1MD U3MD 12C3MD 12C2MD
15:8 CMPMD RTCCMD
7:0 U4MD REFOMD HLVDMD USBMD
0x017E PMD4
15:8
7:0 CCP8MD CCP7MD CCP6MD CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD
0x0180 PMD5
15:8
7:0 LCDMD SPI14MD SPI3MD
0x0182 PMD6
15:8
0x0184 PMD7 7:0 DMA45MD DMAO3MD
15:8
7:0 UeMD U5SMD CLC4MD CLC3MD CLC2MD CLC1MD
0x0186 PMD8
15:8 DMTMD
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10.5.1

Bit

Access
Reset

Bit

Access
Reset

Peripheral Module Disable Register 1

Name: PMD1
Offset: 0x178
15 14 13 12 " 10 9 8
T5MD T4MD T3MD T2MD T1MD
R/W R/W R/W R/W R/W
0 0 0 0 0
7 6 5 4 3 2 1 0
12C1MD U2MD U1MD SPI2MD SPI1MD AD1MD
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0

Bit 15 — TSMD Timer5 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 14 — TAMD Timer4 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 13 — T3MD Timer3 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 12 — T2MD Timer2 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 11 — TIMD Timer1 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 7 — 12C1MD 12C1 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 6 — U2MD UART2 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 5 - U1MD UART1 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled
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Bit 4 — SPI2MD SPI2 Module Disable bit

Value Description

1 Module is disabled
0 Module power and clock sources are enabled

Bit 3 — SPI1MD SPI1 Module Disable bit

Value Description

1 Module is disabled
0 Module power and clock sources are enabled

Bit 0 — AD1MD A/D Converter Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled
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10.5.2

Bit

Access
Reset

Bit

Access
Reset

Peripheral Module Disable Register 3

Name: PMD3
Offset: 0x17C
15 14 13 12 " 10 9 8
CMPMD RTCCMD
R/W R/W
0 0
7 6 5 4 3 2 1 0
CRCMD DAC1MD U3MD 12C3MD 12C2MD
R/W R/W R/W R/W R/W
0 0 0 0 0

Bit 10 —- CMPMD Triple Comparator Module Disable bit
Value Description

1 Module is disabled

0 Module power and clock sources are enabled

Bit 9 —- RTCCMD RTCC Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 7 — CRCMD CRC Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 6 —- DAC1MD DAC Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 3 — USMD UART3 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 2 — 12C3MD 12C3 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 1 - 12C2MD 12C2 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled
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10.5.3

Bit

Access
Reset

Bit

Access
Reset

Peripheral Module Disable Register 4

Name: PMD4
Offset: 0x17E
15 14 13 12 " 10 9 8
7 6 5 4 3 2 1 0
U4MD REFOMD HLVDMD USBMD
R/W R/W R/W R/W
0 0 0 0

Bit 5 — U4MD UART4 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 3 - REFOMD Reference Clock Output Module Disable bit
Value Description

1 Module is disabled

0 Module power and clock sources are enabled

Bit 1 — HLVDMD High/Low-Voltage Detect Module Disable bit
Value Description

1 Module is disabled

0 Module power and clock sources are enabled

Bit 0 - USBMD USB Module Disable bit

Value Description

1 Module is disabled

0 Module power and clock sources are enabled
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10.5.4 Peripheral Module Disable Register 5

Name: PMD5
Offset: 0x180
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CCP8MD CCP7MD CCP6MD CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 — CCP8MD MCCP8 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 6 —- CCP7TMD MCCP7 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 5— CCP6MD MCCP6 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 4 - CCP5MD MCCP5 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 3 — CCP4MD MCCP4 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 2 - CCP3MD MCCP3 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 1 — CCP2MD MCCP2 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 0 - CCP1MD MCCP1 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled
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10.5.5

Bit

Access
Reset

Bit

Access
Reset

Peripheral Module Disable Register 6

Name: PMD6
Offset: 0x182
15 14 13 12 " 10 9 8
7 6 5 4 3 2 1 0
LCDMD SPI14MD SPI3MD
R/W R/W R/W

0 0 0

Bit 6 — LCDMD LCD Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 1 — SPI4MD SPI4 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 0 — SPI3MD SPI3 Module Disable bit

Value Description

1 Module is disabled
0 Module power and clock sources are enabled
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10.5.6 Peripheral Module Disable Register 7

Name: PMD7
Offset: 0x184
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DMA45MD DMAO3MD
Access R/W R/W
Reset 0 0

Bit 5— DMA45MD DMA Controller (Channels 4 and 5) Disable bit

Value Description

1 Controller is disabled
0 Controller power and clock sources are enabled

Bit 4 - DMAO3MD DMA Controller (Channels 0 through 3) Disable bit

Value Description

1 Controller is disabled
0 Controller power and clock sources are enabled
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10.5.7 Peripheral Module Disable Register 8

Name: PMD8
Offset: 0x186
Bit 15 14 13 12 11 10 9 8
DMTMD
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
UMD U5MD CLC4MD CLC3MD CLC2MD CLC1MD
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 8 —- DMTMD DMT Module Disable bit

Value Description

1 Module is disabled

0 Module power and clock sources are enabled

Bit 7 — U6MD UART6 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 6 — USMD UART5 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 5 — CLC4AMD CLC4 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 4 - CLC3MD CLC3 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 3 — CLC2MD CLC2 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled

Bit 2 - CLC1MD CLC1 Module Disable bit

Value Description
1 Module is disabled
0 Module power and clock sources are enabled
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1/0 Ports

Note: This data sheet summarizes the features of this group of PIC24F devices. It is not intended to be a
comprehensive reference source. For more information, refer to “I/O Ports with Interrupt-on-Change (10C)”
(www.microchip.com/DS70005186) in the “dsPIC33/PIC24 Family Reference Manual”. The information in this data
sheet supersedes the information in the FRM.

All of the device pins (except Vpp, Vss, MCLR and OSCI/CLKI) are shared between the peripherals and the Parallel
1/0 (P10) ports. All I/O input ports feature Schmitt Trigger (ST) inputs for improved noise immunity.

Parallel I/O (PI1O) Ports

A Parallel I/0 port that shares a pin with a peripheral is, in general, subservient to the peripheral. The peripheral’s
output buffer data and control signals are provided to a pair of multiplexers. The multiplexers select whether the
peripheral or the associated port has ownership of the output data and control signals of the 1/O pin. The logic also
prevents “loop through”, in which a port’s digital output can drive the input of a peripheral that shares the same
pin. Figure 11-1 shows how ports are shared with other peripherals and the associated /O pin to which they are
connected.

When a peripheral is enabled and the peripheral is actively driving an associated pin, the use of the pin as a general
purpose output pin is disabled. The 1/O pin may be read, but the output driver for the parallel port bit will be disabled.
If a peripheral is enabled, but the peripheral is not actively driving a pin, that pin may be driven by a port.

All port pins have three registers directly associated with their operation as digital I/Os and one register associated
with their operation as analog inputs. The Data Direction register (TRISx) determines whether the pin is an input or
an output. If the data direction bit is a ‘1’, then the pin is an input. All port pins are defined as inputs after a Reset.
Reads from the Output Latch register (LATx), read the latch; writes to the latch, write the latch. Reads from the
PORTX register, read the port pins; writes to the port pins, write the port pins.

Any bit and its associated data and control registers that are not valid for a particular device will be disabled. That
means the corresponding LATx and TRISx registers, and the port pin, will read as zeros.
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Figure 11-1. Block Diagram of a Typical Shared Port Structure

Peripheral Input Data

Peripheral Module

Peripheral Module Enable

| Peripheral Output Enable |

| Peripheral Output Data |

Read TRISx

Data Bus

WR TRISx

WR LATx +

CK
TRIS Latch

o— D Q

WR PORTXx

Read LATX

P CK
Data Latch

Read PORTx :II

Input Data

1/0 Port Write/Read Timing
One instruction cycle is required between a port direction change or port write operation and a read operation of the

same port. Typically, this instruction would be a NOP.

Open-Drain Configuration
In addition to the PORTx, LATx and TRISx registers for data control, each port pin can also be individually configured
for either a digital or open-drain output. This is controlled by the Open-Drain Control register, ODCx, associated with
each port. Setting any of the bits configures the corresponding pin to act as an open-drain output.

The open-drain feature allows the generation of outputs higher than Vpp (e.g., 5V) on any desired digital only pins
by using external pull-up resistors. The maximum open-drain voltage allowed is the same as the maximum V

specification.

Note: D+/D- pins on PIC24FJXXXGUXXX devices do not support open drain-configuration.

Configuring Analo

g Port Pins

The ANSx and TRISx registers control the operation of the pins with analog function. Each port pin with analog
function is associated with one of the ANSx bits, which decide if the pin function should be analog or digital. Refer to
Table 11-1 for detailed behavior of the pin for different ANSx and TRISx bit settings.

When reading the PORTXx register, all pins configured as analog input channels will read as cleared (a low level).
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Table 11-1. Configuring Analog/Digital Function of an 1/0 Pin

1

Analog Input 1

Analog Output 1 1 It is recommended to keep TRISx = 1.

Digital Input 0 1 Firmware must wait at least one instruction cycle after configuring a
pin as a digital input before a valid input value can be read.

Digital Output 0 0 Make sure to disable the analog output function on the pin if any is
present.

Analog Input Pins and Voltage Considerations

The voltage tolerance of pins used as device inputs is dependent on the pin’s input function. Most input pins are able
to handle DC voltages of up to 5.5V, a level typical for digital logic circuits. However, several pins can only tolerate
voltages up to Vpp. Voltage excursions beyond Vpp on these pins should always be avoided.

For more information, refer to 32. Electrical Characteristics for more details.

Interrupt-on-Change (I0C)

The Interrupt-on-Change function of the 1/0 ports allows the PIC24FJ512GU410 family of devices to generate
interrupt requests to the processor in response to a Change-of-State (COS) on selected input pins. This feature is
capable of detecting input Change-of-States, even in Sleep mode, when the clocks are disabled.

Interrupt-on-Change functionality is enabled on a pin by setting the IOCPx and/or IOCNXx register bit for that pin.

For example, PORTC has register names, IOCPC and IOCNC, for these functions. Setting a value of ‘1’ in the
IOCPXx register enables interrupts for low-to-high transitions, while setting a value of ‘1’ in the IOCNx register enables
interrupts for high-to-low transitions. Setting a value of ‘1’ in both register bits will enable interrupts for either case
(e.g., a pulse on the pin will generate two interrupts). In order for any 10C to be detected, the global IOC Interrupt
Enable bit (IEC1[3]) must be set, the IOCON bit (PADCON[15]) set and the associated ISFx flag cleared.

When an interrupt request is generated for a pin, the corresponding status flag (IOCFx register bit) will be set,
indicating that a Change-of-State occurred on that pin. The IOCFx register bit will remain set until cleared by writing
a zero to it. When any IOCFx flag bit in a given port is set, the corresponding IOCPxF bit in the IOCSTAT register will
be set. This flag indicates that a change was detected on one of the bits on the given port. The IOCPxF flag will be
cleared when all IOCFx[15:0] bits are cleared.

Multiple individual status flags can be cleared by writing a zero to one or more bits using a Read-Modify-Write
(RMW) operation. If another edge is detected on a pin whose status bit is being cleared during the Read-Modify-Write
sequence, the associated change flag will still be set at the end of the Read-Modify-Write sequence.

The user should use the instruction sequence (or equivalent) shown in Example 11-1 to clear the Interrupt-on-
Change Status registers.

At the end of this sequence, the WO register will contain a zero for each bit for which the port pin had a change
detected. In this way, any indication of a pin changing will not be lost.

Due to the asynchronous and real-time nature of the Interrupt-on-Change, the value read on the port pins may not
indicate the state of the port when the change was detected, as a second change can occur during the interval
between clearing the flag and reading the port. It is up to the user code to handle this case if it is a possibility in their
application. To keep this interval to a minimum, it is recommended that any code modifying the IOCFx registers be
run either in the interrupt handler or with interrupts disabled.

Each Interrupt-on-Change (I0C) pin has both a weak pull-up and a weak pull-down connected to it. The pull-ups act
as a current source connected to the pin, while the pull-downs act as a current sink connected to the pin. These
pull-ups eliminate the need for external resistors when push button or keypad devices are connected.

The pull-ups and pull-downs are separately enabled using the IOCPUx registers (for pull-ups) and the IOCPDx
registers (for pull-downs). Each IOC pin has individual control bits for its pull-up and pull-down. Setting a control bit
enables the weak pull-up or pull-down for the corresponding pin.
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Note: Pull-ups and pull-downs on pins should always be disabled whenever the pin is configured as a digital output.

Example 11-1. I0C Status Read/Clear In Assembly

MOV OxFFFF, WO ; Initial mask value OxFFFF -> WO
XOR IOCFx, WO ; WO has 'l' for each bit set in IOCFx
AND IOCFx ; IOCFx & WO ->IOCFx

Example 11-2. Port Read/Write in Assembly

MOV OxFFO00, WO
MOV WO, TRISB
NOP

BTSS PORTB, #13

Configure PORTB[15:8] as inputs
and PORTB[7:0] as outputs

Delay 1 cycle

Next Instruction

Example 11-3. Port Read/Write in ‘C’

TRISB = 0xFF00; // Configure PORTB[15:8] as inputs and PORTB[7:0] as
outputs
Nop () 5 // Delay 1 cycle

If (PORTBbits.RB13){ }; // Next Instruction

Peripheral Pin Select (PPS)

A major challenge in general purpose devices is providing the largest possible set of peripheral features while
minimizing the conflict of features on 1/O pins. In an application that needs to use more than one peripheral
multiplexed on a single pin, inconvenient work arounds in application code, or a complete redesign may be the
only option.

The Peripheral Pin Select (PPS) feature provides an alternative to these choices by enabling the user’s peripheral
set selection and its placement on a wide range of I/O pins. By increasing the pinout options available on a particular
device, users can better tailor the microcontroller to their entire application, rather than trimming the application to fit
the device.

The Peripheral Pin Select feature operates over a fixed subset of digital /0 pins. Users may independently map
the input and/or output of any one of many digital peripherals to any one of these 1/O pins. PPS is performed in
software and generally does not require the device to be reprogrammed. Hardware safeguards are included that
prevent accidental or spurious changes to the peripheral mapping once it has been established.

Available Pins

The number of available pins is dependent on the particular device and its pin count. Pins that support the Peripheral
Pin Select feature include the designation, “RPn” or “RPIn”, in their full pin designation, where “n” is the remappable
pin number. “RP” is used to designate pins that support both remappable input and output functions, while “RPI”
indicates pins that support remappable input functions only.

Available Peripherals and Peripheral Pin Select Function Priority

The peripherals managed by the PPS are all digital only peripherals. These include general serial communications
(UART and SPI), general purpose timer clock inputs, timer related peripherals (input capture and output compare)
and external interrupt inputs. Also included are the outputs of the comparator module, since these are discrete digital
signals.

PPS is not available for these peripherals:

+ I2C (input and output)
* Input Change Notifications
* Analog (inputs and outputs)
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* INTO

A key difference between pin select and non-pin select peripherals is that pin select peripherals are not associated
with a default I/0 pin. The peripheral must always be assigned to a specific I/0 pin before it can be used. In contrast,
non-pin select peripherals are always available on a default pin, assuming that the peripheral is active and not
conflicting with another peripheral.

Pin-selectable peripheral outputs (e.g., output compare, UART transmit) will take priority over general purpose digital
functions on a pin, such as port I/Os. Specialized digital outputs will take priority over PPS outputs on the same pin.
The pin diagrams list peripheral outputs in the order of priority. Refer to them for priority concerns on a particular pin.

Unlike PIC24F devices with fixed peripherals, pin-selectable peripheral inputs will never take ownership of a pin. The
pin’s output buffer will be controlled by the TRISx setting or by a fixed peripheral on the pin. If the pin is configured in
Digital mode, then the PPS input will operate correctly. If an analog function is enabled on the pin, the PPS input will
be disabled.

Controlling Peripheral Pin Select

PPS features are controlled through two sets of Special Function Registers (SFRs): one to map peripheral inputs
and one to map outputs. Because they are separately controlled, a particular peripheral’s input and output (if the
peripheral has both) can be placed on any selectable function pin without constraint.

The association of a peripheral to a peripheral-selectable pin is handled in two different ways, depending on if an
input or an output is being mapped.

Input Mapping

The inputs of the Peripheral Pin Select options are mapped on the basis of the peripheral; that is, a control register
associated with a peripheral dictates the pin it will be mapped to. The RPINRX registers are used to configure
peripheral input mapping (see 11.5 1/0O Port and Peripheral Pin Select Registers).

Each register contains one or two sets of 6-bit fields, with each set associated with one of the pin-selectable
peripherals. Programming a given peripheral’s bit field with an appropriate 6-bit value maps the RPn/RPIn pin with
that value to that peripheral. For any given device, the valid range of values for any of the bit fields corresponds to the
maximum number of Peripheral Pin Selections supported by the device.

Table 11-2. Selectable Input Sources (Maps Input to Function)

External Interrupt 1 INT1 RPINRO[13:8] INT1R[5:0]
External Interrupt 2 INT2 RPINR1[5:0] INT2R[5:0]
External Interrupt 3 INT3 RPINR1[13:8] INT3R[5:0]
External Interrupt 4 INT4 RPINR2[5:0] INT4R[5:0]
Timer2 External Clock T2CK RPINR3[5:0] T2CKR[5:0]
Timer3 External Clock T3CK RPINR3[13:8] T3CKR[5:0]
Timer4 External Clock T4CK RPINR4[5:0] T4CKR[5:0]
Timer5 External Clock T5CK RPINR4[13:8] T5CKR[5:0]
MCCP1 Input Capture ICM1 RPINRS5[5:0] ICM1R[5:0]
MCCP2 Input Capture ICM2 RPINR5[13:8] ICM2R[5:0]
MCCP3 Input Capture ICM3 RPINRG6[5:0] ICM3R[5:0]
MCCP4 Input Capture ICM4 RPINR6[13:8] ICM4R[5:0]
Output Compare Fault A OCFA RPINR11[5:0] OCFAR][5:0]
Output Compare Fault B OCFB RPINR11[13:8] OCFBRI[5:0]
MCCP Clock Input A TCKIA RPINR12[5:0] TCKIAR[5:0]
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........... continued

MCCP Clock Input B
Reference Clock Input
Tamper Detect
MCCPS5 Input Capture
MCCP6 Input Capture
MCCP7 Input Capture
MCCP8 Input Capture
UART3 Receive
UART1 Receive
UART1 Clear-to-Send
UART2 Receive
UART2 Clear-to-Send
SPI1 Data

SPI1 Clock

SPI1 Slave Select
UART3 Clear-to-Send
SPI2 Data

SPI2 Clock

SPI2 Slave Select
Generic Timer External Clock
CLC Input A

CLC Input B

CLC Input C

CLC Input D

UART4 Receive
UART4 Clear-to-Send
SPI4 Slave Select
SPI14 Data

SPI4 Clock

11.4.3.2 Output Mapping

TCKIB
REFI
TMPRN
ICM5
ICM6
ICM7
ICM8
U3RX
U1RX
U1CTS
U2RX
U2CTS
SDI1

SCK2
SS2
TxCK
CLCINA
CLCINB
CLCINC
CLCIND
U4RX
U4CTS
SS4
SDI4
SCK4

RPINR12[13:8]
RPINR13[5:0]
RPINR13[13:8]
RPINR14[5:0]
RPINR14[15:8]
RPINR15[7:0]
RPINR15[15:8]
RPINR17[13:8]
RPINR18[5:0]
RPINR18[13:8]
RPINR19[5:0]
RPINR19[13:8]
RPINR20[5:0]
RPINR20[13:8]
RPINR21[5:0]
RPINR21[13:8]
RPINR22[5:0]
RPINR22[13:8]
RPINR23[5:0]
RPINR23[13:8]
RPINR25[5:0]
RPINR25[13:8]
RPINR26[5:0]
RPINR26[13:8]
RPINR27[5:0]
RPINR27[13:8]
RPINR30[7:0]
RPINR31[7:0]
RPINR31[15:8]

TCKIBR[5:0]
REFIR[5:0]
TMPRNR[5:0]
ICM5R[5:0]
ICM6R[5:0]
ICM7R[5:0]
ICM8R[5:0]
U3RXR[5:0]
U1RXR[5:0]
U1CTSRI5:0]
U2RXR[5:0]
U2CTSR(5:0]
SDIR[5:0]
SCK1R[5:0]
SS1R[5:0]
U3CTSRI5:0]
SDI2R[5:0]
SCK2R[5:0]
SS2R[5:0]
TXCKR[5:0]
CLCINAR[5:0]
CLCINBR[5:0]
CLCINCR[5:0]
CLCINDR[5:0]
U4RXR[5:0]
U4CTSR(5:0]
SS4INR[5:0]
SDI4R[5:0]
SCKA4R[5:0]

In contrast to inputs, the outputs of the Peripheral Pin Select options are mapped on the basis of the pin. In this case,
a control register associated with a particular pin dictates the peripheral output to be mapped. The RPORX registers
are used to control output mapping. Each register contains two 6-bit fields, with each field being associated with one
RPn pin (see 11.5 1/0 Port and Peripheral Pin Select Registers). The value of the bit field corresponds to one of the
peripherals and that peripheral’s output is mapped to the pin (see Table 11-3).

Because of the mapping technique, the list of peripherals for output mapping also includes a null value of ‘000000’.
This permits any given pin to remain disconnected from the output of any of the pin-selectable peripherals.
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Table 11-3. Selectable Output Sources (Maps Function to Output)

Output Function Number m Output Name

0

© 0 N O a A WO DN -

W W W W W N N NDDN N DN DN DNDNDDN 222 a A A a A
A W N 2,0 O © 00O N O O A W N = O © 0 N O O & W N = O©

None (Pin Disabled)
C10UT
C20UT
U1TX
U1RTS
u2TX
U2RTS
SDO1
SCK1
FSYNC1
SDO2
SCK2
FSYNC2
SCK4
FSYNC4
SDO4
OCM4A
OCM4B
OCM5A
OCM5B
OCM6A
OCM6B
U3TX
U3RTS
u4TXx
U4RTS
C30UT
PWRGT
REFO
CLC10UT
CLC20UT
CLC30UT
CLC40UT
RTCC
OCMT7A

Comparator 1
Comparator 2

UART1 Transmit

UART1 Request-to-Send
UART2 Transmit

UART2 Request-to-Send
SPI1 Data

SPI1 Clock

SPI1 Synchronization
SPI2 Data

SPI2 Clock

SPI2 Synchronization
SPI4 Clock

SPI4 Synchronization
SPI4 Data

MCCP4 Output A
MCCP4 Output B
MCCP5 Output A
MCCP5 Output B
MCCP6 Output A
MCCP6 Output B
UART3 Transmit

UART3 Request-to-Send
UART4 Transmit

UART4 Request-to-Send
Comparator 3

RTCC Power Control
Reference Clock

CLC1 Output

CLC2 Output

CLC3 Output

CLC4 Output

RTCC Clock

MCCP7 Output A
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ouputFuncontumber | Funcion | ouputtame |
35 OCM7B MCCP7 Output B
36 OCMBA MCCP8 Output A
37 OCM8B MCCP8 Output B

11.4.3.3 Mapping Limitations

11.4.4

The control schema of the Peripheral Pin Select is extremely flexible. Other than systematic blocks that prevent
signal contention caused by two physical pins being configured as the same functional input, or two functional
outputs configured as the same pin, there are no hardware enforced lockouts. The flexibility extends to the point of
allowing a single input to drive multiple peripherals or a single functional output to drive multiple output pins.

MAPPING EXCEPTIONS FOR FAMILY DEVICES
The differences in available remappable pins are summarized in Table 11-3.
When developing applications that use remappable pins, users should also keep these things in mind:
» For the RPINRX registers, bit combinations corresponding to an unimplemented pin for a particular device are

treated as invalid; the corresponding module will not have an input mapped to it.

» For RPORXx registers, the bit fields corresponding to an unimplemented pin will also be
unimplemented; writing to these fields will have no effect.

Controlling Configuration Changes

Because peripheral remapping can be changed during run time, some restrictions on peripheral remapping are
needed to prevent accidental configuration changes. PIC24F devices include three features to prevent alterations to
the peripheral map:

» Control register lock sequence

» Continuous state monitoring
» Configuration bit remapping lock

CONTROL REGISTER LOCK

Under normal operation, writes to the RPINRx and RPORX registers are not allowed. Attempted writes will appear
to execute normally, but the contents of the registers will remain unchanged. To change these registers, they must
be unlocked in hardware. The register lock is controlled by the IOLOCK bit (OSCCON]I6]). Setting IOLOCK prevents
writes to the control registers; clearing IOLOCK allows writes.

To set or clear IOLOCK, a specific command sequence must be executed:

*  Write 46h to OSCCON[7:0].
»  Write 57h to OSCCON]I7:0].
* Clear (or set) IOLOCK as a single operation.

Unlike the similar sequence with the oscillator’'s LOCK bit, IOLOCK remains in one state until changed. This allows
all of the Peripheral Pin Selects to be configured with a single unlock sequence, followed by an update to all control
registers, then locked with a second lock sequence.

CONTINUOUS STATE MONITORING

In addition to being protected from direct writes, the contents of the RPINRx and RPORX registers are constantly
monitored in hardware by shadow registers. If an unexpected change in any of the registers occurs (such as cell
disturbances caused by ESD or other external events), a Configuration Mismatch Reset will be triggered.

CONFIGURATION BIT REMAPPING LOCK

As an additional level of safety, the device can be configured to prevent more than one write session to the RPINRx
and RPORXx registers. The IOL1WAY (FOSC[5]) Configuration bit blocks the IOLOCK bit from being cleared after it
has been set once. If IOLOCK remains set, the register unlock procedure will not execute and the Peripheral Pin
Select Control registers cannot be written to. The only way to clear the bit and re-enable peripheral remapping is to
perform a device Reset.
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In the default (unprogrammed) state, IOL1WAY is set, restricting users to one write session. Programming IOL1WAY
allows users unlimited access (with the proper use of the unlock sequence) to the Peripheral Pin Select registers.

Considerations for Peripheral Pin Selection

The ability to control Peripheral Pin Selection introduces several considerations into application design that could
be overlooked. This is particularly true for several common peripherals that are available only as remappable
peripherals.

The main consideration is that the Peripheral Pin Selects are not available on default pins in the device’s default
(Reset) state. Since all RPINRx registers reset to ‘111111’ and all RPORX registers reset to ‘000000’, all Peripheral
Pin Select inputs are tied to Vgs, and all Peripheral Pin Select outputs are disconnected.

This situation requires the user to initialize the device with the proper peripheral configuration before any other
application code is executed. Since the IOLOCK bit resets in the unlocked state, it is not necessary to execute the
unlock sequence after the device has come out of Reset. For application safety, however, it is best to set IOLOCK
and lock the configuration after writing to the control registers.

Because the unlock sequence is timing-critical, it must be executed as an assembly language routine in the same
manner as changes to the oscillator configuration. If the bulk of the application is written in ‘C’, or another high-level
language, the unlock sequence should be performed by writing in-line assembly.

Choosing the configuration requires the review of all Peripheral Pin Selects and their pin assignments, especially
those that will not be used in the application. In all cases, unused pin-selectable peripherals should be disabled
completely. Unused peripherals should have their inputs assigned to an unused RPn/RPIn pin function. I/O pins with
unused RPn functions should be configured with the null peripheral output.

The assignment of a peripheral to a particular pin does not automatically perform any other configuration of the pin’s
1/O circuitry. In theory, this means adding a pin-selectable output to a pin may mean inadvertently driving an existing
peripheral input when the output is driven. Users must be familiar with the behavior of other fixed peripherals that
share a remappable pin and know when to enable or disable them. To be safe, fixed digital peripherals that share the
same pin should be disabled when not in use.

Along these lines, configuring a remappable pin for a specific peripheral does not automatically turn that feature on.
The peripheral must be specifically configured for operation and enabled as if it were tied to a fixed pin. Where this
happens in the application code (immediately following a device Reset and peripheral configuration or inside the main
application routine) depends on the peripheral and its use in the application.

A final consideration is that Peripheral Pin Select functions neither override analog inputs nor reconfigure pins with
analog functions for digital 1/Os. If a pin is configured as an analog input on a device Reset, it must be explicitly
reconfigured as a digital I/O when used with Peripheral Pin Select.

Example 11-4 shows a configuration for bidirectional communication with flow control using UART1. The following
input and output functions are used:

* Input Functions: UTRX, U1CTS

* Output Functions: U1TX, UTRTS
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Example 11-4. Configuring UART1 Input and Output Functions
// Unlock Registers
asm volatile (“MOV #OSCCON, wl \n”
“MOV #0x46, w2 \n”
“MOV #0x57, w3 \n”
“MOV.b w2, [wl] \n”
“MOV.b w3, [wl] \n”
“BCLR OSCCON, #6”)

// or use XC1l6 built-in macro:

// __builtin write OSCCONL (OSCCON & Oxbf);

// Configure Input Functions (Table 11-2)
// Assign UlRX To Pin RPO
RPINR18bits.UIRXR = 0;

// Assign UICTS To Pin RP1

RPINR18bits.UICTSR = 1;

// Configure Output Functions (Table 11-3)
// Assign UlTX To Pin RP2
RPOR1bits.RP2R = 3;

// Assign UIRTS To Pin RP3
RPOR1bits.RP3R = 4;
// Lock Registers
asm volatile (“MOV #OSCCON, wl \n”
“MOV #0x46, w2 \n”
“MOV #0x57, w3 \n”
“MOV.b w2, [wl] \n”
“MOV.b w3, [wl] \n"
”"BSET OSCCON, #6")
// or use XC1l6 built-in macro:
// __builtin write OSCCONL (OSCCON | 0x40);
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1/0 Port and Peripheral Pin Select Registers

I I = 2 I RN AN (N I I

0x00
OxdéSB
0x065C
0x065E
0x0660
0x0662
0x0664
0x0666
0x0668
0x0668
0x066A
0x066C
0x066E
0x0670
0x0672
0x0674
0x0676
0x0678
0x067A
0x067C
0x067E
0x0680
0x0682
0x0684
0x0686
0x0688
0x068A

0x068C

Reserved
PADCON 70
15:8 IOCON
|OCSTAT 7:0 IOCPHF IOCPGF IOCPFF |IOCPEF IOCPDF IOCPCF IOCPBF IOCPAF
15:8
7:0 TRISA[7:0]
TRISA
15:8 TRISA[15:14] TRISA[10:9]
PORTA 7:0 RA[7:0]
15:8 RA[15:14] RA[10:9]
7:0 LATA[7:0]
LATA
15:8 LATA[15:14] LATA[10:9]
ODCA 7:0 ODCA[7:0]
15:8 ODCA[15:14] ODCA[10:9]
7:0 ANSA[7:6]
ANSA
15:8
ANSE 7:0 ANSA[7:0]
15:8 ANSA[14:8]
OCPA 7:0 IOCPA[7:0]
15:8 IOCPA[15:14] IOCPA[10:9]
IOCNA 7:0 IOCNA[7:0]
15:8 IOCNA[15:14] IOCNA[10:9]
(OCEA 7:0 IOCFA[7:0]
15:8 IOCFA[15:14] IOCFA[10:9]
IOCPUA 7:0 IOCPUA[7:0]
15:8 IOCPUA[15:14] IOCPUA[10:9]
(OCPDA 7:0 IOCPDA[7:0]
15:8 IOCPDA[15:14] IOCPDA[10:9]
TRISB 7:0 TRISB[7:0]
15:8 TRISB[15:8]
7:0 RB[7:0]
PORTB
15:8 RB[15:8]
LATB 7:0 LATB[7:0]
15:8 LATB[15:8]
7:0 ODCBJ[7:0]
ODCB
15:8 ODCB[15:8]
ANSE 7:0 ANSBI[7:0]
15:8 ANSB[15:8]
7:0 IOCPB[7:0]
I0CPB
15:8 I0CPBI[15:8]
IOCNB 7:0 IOCNB[7:0]
15:8 IOCNB[15:8]
7:0 IOCFB[7:0]
I0CFB
15:8 IOCFB[15:8]
7:0 IOCPUB[7:0]
IOCPUB
15:8 IOCPUB[15:8]
7:0 IOCPDB[7:0]
I0CPDB
15:8 IOCPDB[15:8]
TRISC 7:0 TRISC[4:1]
15:8 TRISC[15:12]
7:0 RC[4:1]
PORTC
15:8 RC[15:12]
LATC 7:0 LATC[4:1]
15:8 LATC[15:12]
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........... continued

(e mw Jems] 7 [ o [ & [ < s [ & |9 [ o]
7:0

D :
0x068E obcc ODCC[4:1]
15:8 ODCC[15:12]
0x0690 ANSC 7:0 ANSC4
15:8
v | :
0x0692 IOCPC 0 OCPC[4:1]
15:8 IOCPC[15:12]
7:0 IOCNC[4:1]
0x0694 IOCNC
) 15:8 IOCNC[15:12]
7: I .
0x0696 IOCFC 0 OCFC[4:1]
15:8 IOCFC[15:12]
7:0 I0CPUC[4:1]
0x0698 I0CPUC
) 15:8 IOCPUC[15:12]
7: | .
0X069A I0OCPDC 0 OCPDC[4:1]
15:8 IOCPDC[15:12]
7:0 TRISD[7:0]
0x069C TRISD
) 15:8 TRISD[14:8]
v RD[7:
0x069E PORTD 0 [7:0]
15:8 RD[14:8]
7:0 LATD[7:0]
0x06A0 LATD
15:8 LATD[14:8]
7: .
0X06A2 oDbcD 0 ODCDI7:0]
15:8 ODCD[14:8]
0x06A4 ANSD 7:0 ANSD[7:6]
15:8 ANSD[11:10]
& | :
0x0B6A6 IOCPD 0 OCPDI[7:0]
15:8 I0CPD[14:8]
7:0 IOCNDI[7:0]
0x06A8 IOCND
) 15:8 IOCND[14:8]
& | :
0x0BAA IOCFD 0 OCFD[7:0]
15:8 IOCFD[14:8]
7:0 I0CPUD[7:0]
0x06AC I0CPUD
) 15:8 IOCPUD[14:8]
7: | :
OX0BAE I0CPDD 0 OCPDDI[7:0]
15:8 IOCPDD[14:8]
0x06B0 TRISE 70 TRISE[9:0]
15:8 TRISE[9:0]
v RE[9:
0x06B2 PORTE 0 [9:0]
15:8 RE[9:0]
0x06B4 LATE 70 LATE[9:0]
15:8 LATE[9:0]
7: .
0x0686 ODCE 0 ODCE[9:0]
15:8 ODCE[9:0]
0x06B8 ANSE 70 ANSE[4:3]
15:8 ANSE9
& | :
Ox06BA IOCPE 0 OCPE[9:0]
15:8 IOCPE[9:0]
7:0 IOCNE[9:0]
0x06BC IOCNE
) 15:8 IOCNE[9:0]
& | :
OX06BE IOCFE 0 OCFE[9:0]
15:8 IOCFE[9:0]
7:0 IOCPUE[9:0]
0x06C0 IOCPUE
) 15:8 IOCPUE[9:0]
7: | .
0x06C2 IOCPDE 0 OCPDE[9:0]
15:8 IOCPDE[9:0]
7:0 TRISF[8:0]
0x06C4 TRISF
) 15:8 TRISF[8:0]
v RF[8:
0x06C6 PORTF 0 [8:0]
15:8 RF[8:0]
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........... continued

o e o
7:0

LATF[8:0]
0x06C8 LATF
15:8 LATF[13:12] LATF[8:0]
0X06CA
Reserved
0x06CD
7:0 IOCPFI8:0]
O0X06CE IOCPF
X 15:8 IOCPF[13:12] IOCPFI8:0]
7.0 ODCFI8:0]
F DCF
0x06C obc 15:8 ODCF[13:12] ODCF[8:0]
7.0 IOCNFI8:0]
0x06D0 IOCNF
X 15:8 IOCNF[13:12] IOCNF[8:0]
7.0 IOCFFI8:0]
D2 IOCFF
0x06 oc 15:8 IOCFF[13:12] IOCFF[8:0]
7.0 IOCPUF[8:0]
0x06D4 IOCPUF
X 15:8 IOCPUF[13:12] IOCPUF[8:0]
7.0 IOCPDFI8:0]
D IOCPDF
0x06D6 oc 15:8 IOCPDF[13:12] IOCPDF[8:0]
030808 TRISG 7.0 TRISG[2:6] TRISG[3:0]
15:8 TRISG[15:12] TRISG[9:6]
7:0 RG[9:6] RG[3:0]
DA PORT
0x06 ORTG 15:8 RG[15:12] RG[9:6]
0BG Late 7.0 LATG[9:6] LATG[3:0]
15:8 LATG[15:12] LATG[9:6]
7:0 ODCG[9:6] ODCG[3:0]
DE D
0x06 obce 15:8 ODCG[15:12] ODCG[9:6]
0X0BEQ ANSG 70 ANSG[9:6]
15:8 ANSG[9:6]
7:0 IOCPG[9:6] IOCPG[3:0]
E2 locP
0x06 ocPe 15:8 IOCPG[15:12] IOCPG[9:6]
7.0 IOCNG[9:6] IOCNG[3:0]
O0X0BE4 IOCNG
X 15:8 IOCNG[15:12] IOCNG[9:6]
7:0 IOCFG[9:6] IOCFG[3:0]
E IOCF
0x06E6 OCFG 15:8 IOCFG[15:12] IOCFG[9:6]
7.0 IOCPUGI9:6] IOCPUG[3:0]
0X06ES IOCPUG
X 15:8 IOCPUG[15:12] IOCPUGI9:6]
7:0 IOCPDG[9:6] IOCPDG[3:0]
EA I0CPD
0x06 OCPDG 15:8 IOCPDG[15:12] IOCPDGI[9:6]
OX0BEC TRISH 70 TRISHO
15:8
OX0BEE PORTH 70 RHO
15:8
7.0 LATHO
0X06F0 LATH
15:8
7.0 ODCHO
F2 DCH
0x06 obc o8
0X06F4
Reserved
0X06F5
0X06F6 IOCPH 70 I0CPHO
15:8
7.0 IOCNHO
0X06F8 IOCNH
X 15:8
7.0 IOCFHO
OX06FA IOCFH
15:8
7: IOCPUH
0X0BFC IOCPUH 0 OCPUHO
15:8
OX0BFE IOCPDH 70 IOCPDHO
15:8
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........... continued

omet | Neme JEeres] 7|0 s e ] o2 | | o

0x0700
0x6;8F
0x0790
0x0792
0x0794
0x0796
0x0798
0x079A

0x079C

0x079E
0x07A5
0x07A6
0x07A8

0x07AA

0x07AC

0x07AE
Ox(;7.B1
0x07B2
0x07B4
0x07B6
0x07B8
0x07BA
0x07BC

0x07BE

0x07CO0
0x07C1
0x07C2

0x07C4

0x07C6
0x07C8
0x07CB

0x07CC

Reserved

RPINRO

RPINR1

RPINR2

RPINR3

RPINR4

RPINRS

RPINR6

Reserved

RPINR11

RPINR12

RPINR13

RPINR14

Reserved

RPINR17

RPINR18

RPINR19

RPINR20

RPINR21

RPINR22

RPINR23

Reserved

RPINR25

RPINR26

RPINR27

Reserved

RPINR30

7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8

7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8

7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8

7:0
15:8
7:0
15:8
7:0
15:8

7:0
15:8

INT1R[5:0]
INT2R[5:0]
INT3R[5:0]
INT4R[5:0]

T2CKR[5:0]
T3CKR[5:0]
TACKR[5:0]
T5CKR[5:0]
ICM1R([5:0]
ICM2R[5:0]
ICM3R[5:0]
ICM4R([5:0]

OCFAR[5:0]
OCFBR[5:0]
TCKIAR[5:0]
TCKIBRI[5:0]

REFIR[5:0]
TMPRNR(5:0]
ICM5R[5:0]
ICM6R[5:0]

U3RXR[5:0]
U1RXR[5:0]
U1CTSR[5:0]
U2RXR[5:0]
U2CTSR[5:0]
SDI1R[5:0]
SCK1R[5:0]
SS1R[5:0]
U3CTSR[5:0]
SDI2R[5:0]
SCK2R[5:0]
SS2R[5:0]
TXCKR[5:0]

CLCINAR[5:0]
CLCINBR[5:0]
CLCINCR([5:0]
CLCINDR([5:0]
U4RXR[5:0]
U4CTSR[5:0]

SS4R[5:0]
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| omet | mame Jomps | 7 | o [ s | + | 2 | 2 | 1 ]| o |
7 :
0x07CE RPINR31 0 SDI4R[5:0]
15:8 SCK4R[5:0]
0x07D0
Reserved
0x07D3
7:0 RPOR[6:0]
0x07D4 RPORO
15:8 RP1R[6:0]
7: RP2R[6:
0x07D6 RPOR1 0 [6:0]
15:8 RP3R[6:0]
7:0 RP4R[6:0]
0x07D8 RPOR2
15:8 RP5R[6:0]
L& RP6R[6:
0x07DA RPOR3 0 6R[6:0]
15:8 RP7R[6:0]
0x07DC RPOR4 70 RP8R6:0]
15:8 RP9IR[6:0]
7: RP10R[6:
0x07DE RPOR5 0 OR[6:0]
15:8 RP11R[6:0]
7:0 RP12R[6:0]
0x07E0 RPOR6
15:8 RP13R[6:0]
7: RP14R[6:
0x07E2 RPOR7 0 [6:0]
15:8 RP15R[6:0]
7:0 RP16R[6:0]
0x07E4 RPOR8
15:8 RP17R[6:0]
70 RP18R[6:0]
7E RPOR
Ox07E® OR9 15:8 RP19R[6:0]
7:0 RP20R[6:0]
0x07E8 RPOR10
15:8 RP21R[6:0]
L& RP22R[6:
OX07EA RPOR11 0 [6:0]
15:8 RP23R[6:0]
0XO7EC RPOR12 70 RP24R[6:0]
15:8 RP25R[6:0]
L& RP26R[6:
Ox07EE RPOR13 0 BR[6:0]
15:8 RP27R[6:0]
7:0 RP28R[6:0]
0x07F0 RPOR14
15:8 RP29R[6:0]
L& RP30R[6:
0x07F2 RPOR15 0 30R[6:0]
15:8 RP31R[6:0]
7:0 RP32R[6:0]
0x07F4 RPOR16
15:8 RP33R[6:0]
7: RP34R[6:
0x07F6 RPOR17 0 34R[6:0]
15:8 RP35R[6:0]
7:0 RP36R[6:0]
0x07F8 RPOR18
15:8
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11.5.1  Port Configuration Register
Name: PADCON
Offset: 0x65C
Bit 15 14 13 12 11 10 9 8
IOCON
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bit 15 — IOCON Interrupt-on-Change Enable bit

Value Description

1 Interrupt-on-change functionality is enabled
0 Interrupt-on-change functionality is disabled
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11.5.2 Interrupt-on-Change Status Register
Name: IOCSTAT
Offset: 0x65E
Legend: HS = Hardware Settable bit; HC = Hardware Clearable bit
Bit 15 14 13 12 " 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
IOCPHF IOCPGF IOCPFF IOCPEF I0OCPDF IOCPCF I0OCPBF IOCPAF
Access R/HS/HC R/HS/HC R/HS/HC R/HS/HC R/HS/HC R/HS/HC R/HS/HC R/HS/HC
Reset 0 0 0 0 0 0 0 0

Bit 7 — IOCPHF Interrupt-on-Change PORTH Flag bit

Value Description
1 A change was detected on an |OC-enabled pin on PORTH
0 No change was detected or the user has cleared all detected changes

Bit 6 — IOCPGF Interrupt-on-Change PORTG Flag bit

Value Description
1 A change was detected on an I0C-enabled pin on PORTG
0 No change was detected or the user has cleared all detected changes

Bit 5 — IOCPFF Interrupt-on-Change PORTF Flag bit

Value Description
1 A change was detected on an IOC-enabled pin on PORTF
0 No change was detected or the user has cleared all detected changes

Bit 4 — IOCPEF Interrupt-on-Change PORTE Flag bit

Value Description
1 A change was detected on an I0C-enabled pin on PORTE
0 No change was detected or the user has cleared all detected changes

Bit 3 — IOCPDF Interrupt-on-Change PORTD Flag bit
Value Description

1 A change was detected on an |OC-enabled pin on PORTD
0 No change was detected or the user has cleared all detected changes

Bit 2 - IOCPCF Interrupt-on-Change PORTC Flag bit
Value Description

1 A change was detected on an I0C-enabled pin on PORTC
0 No change was detected or the user has cleared all detected changes

Bit 1 — IOCPBF Interrupt-on-Change PORTB Flag bit
Value Description

1 A change was detected on an |OC-enabled pin on PORTB
0 No change was detected or the user has cleared all detected changes

Bit 0 — IOCPAF Interrupt-on-Change PORTA Flag bit

Value Description
1 A change was detected on an I0C-enabled pin on PORTA
0 No change was detected or the user has cleared all detected changes
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11.5.3 Output Enable for PORTA Register
Name: TRISA
Offset: 0x0660
Bit 15 14 13 12 1 10 9 8
TRISA[15:14] TRISA[10:9]
Access R/W R/W R/wW R/wW
Reset 1 1 1 1
Bit 7 6 5 4 3 2 1 0
TRISA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 15:14 — TRISA[15:14] Output Enable bits

Value Description
1 Pin is configured as input
0 Pin is configured as output

Bits 10:9 — TRISA[10:9] Output Enable bits

Value Description
1 Pin is configured as input
0 Pin is configured as output

Bits 7:0 — TRISA[7:0] Output Enable bits

Value Description
1 Pin is configured as input
0 Pin is configured as output
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11.5.4 Input Data for PORTA Register
Name: PORTA
Offset: 0x662
Bit 15 14 13 12 11 10 9 8
RA[15:14] RA[10:9]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:14 — RA[15:14] Data Input Value bits
Bits 10:9 — RA[10:9] Data Input Value bits
Bits 7:0 — RA[7:0] Data Input Value bits
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11.5.5 Output Data for PORTA Register
Name: LATA
Offset: 0x664
Bit 15 14 12 11 10 9 8
LATA[15:14] LATA[10:9]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 4 3 2 1 0
LATA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bits 15:14 — LATA[15:14] Output Data bits
Bits 10:9 — LATA[10:9] Output Data bits
Bits 7:0 — LATA[7:0] Output Data bits
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11.5.6 Open-Drain Enable for PORTA Register
Name: ODCA
Offset: 0x666
Bit 15 14 13 12 1 10 9 8
ODCA[15:14] ODCA[10:9]
Access R/W R/wW R/wW R/wW
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ODCA[7:0]
Access R/W R/W RIW RW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:14 — ODCA[15:14] Open-Drain Enable bits

Value Description
1 Open-drain is enabled on the pin
0 Open-drain is disabled on the pin

Bits 10:9 — ODCAJ[10:9] Open-Drain Enable bits

Value Description
1 Open-drain is enabled on the pin
0 Open-drain is disabled on the pin

Bits 7:0 — ODCA[7:0] Open-Drain Enable bits

Value Description
1 Open-drain is enabled on the pin
0 Open-drain is disabled on the pin
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11.5.7 Analog Select for PORTA Register
Name: ANSA
Offset: 0x668
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ANSA[7:6]
Access R/W R/W
Reset 1 1

Bits 7:6 — ANSA[7:6] Analog Input Select bits

Value Description

1 Analog input is enabled and digital input is disabled on the pin
0 Analog input is disabled and digital input is enabled on the pin
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11.5.8 Interrupt-on-Change Positive Edge PORTA Register
Name: IOCPA
Offset: 0x66A
Bit 15 14 13 12 1 10 9 8
IOCPA[15:14] IOCPA[10:9]
Access R/W R/W R/W R/wW
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCPA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:14 — IOCPA[15:14] Interrupt-on-Change Positive Edge Enable bits
Value Description
1 Interrupt-on-change is enabled on the pin for a positive going edge; the associated status bit and
interrupt flag will be set upon detecting an edge
0 Interrupt-on-change is disabled on the pin for a positive going edge

Bits 10:9 — IOCPA[10:9] Interrupt-on-Change Positive Edge Enable bits

Value Description

1 Interrupt-on-change is enabled on the pin for a positive going edge; the associated status bit and

interrupt flag will be set upon detecting an edge

0 Interrupt-on-change is disabled on the pin for a positive going edge

Bits 7:0 — IOCPA[7:0] Interrupt-on-Change Positive Edge Enable bits

Value Description

1 Interrupt-on-change is enabled on the pin for a positive going edge; the associated status bit and
interrupt flag will be set upon detecting an edge
0 Interrupt-on-change is disabled on the pin for a positive going edge
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/0O Ports
11.5.9 Interrupt-on-Change Negative Edge PORTA Register
Name: IOCNA
Offset: 0x66C
Bit 15 14 13 12 1 10 9 8
IOCNA[15:14] IOCNA[10:9]
Access R/W R/W R/W R/wW
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCNA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:14 — IOCNA[15:14] Interrupt-on-Change Negative Edge Enable bits
Value Description
1 Interrupt-on-change is enabled on the pin for a negative going edge; the associated status bit and
interrupt flag will be set upon detecting an edge
0 Interrupt-on-change is disabled on the pin for a negative going edge

Bits 10:9 — IOCNA[10:9] Interrupt-on-Change Negative Edge Enable bits

Value Description

1 Interrupt-on-change is enabled on the pin for a negative going edge; the associated status bit and

interrupt flag will be set upon detecting an edge

0 Interrupt-on-change is disabled on the pin for a negative going edge

Bits 7:0 — IOCNA[7:0] Interrupt-on-Change Negative Edge Enable bits

Value Description

1 Interrupt-on-change is enabled on the pin for a negative going edge; the associated status bit and
interrupt flag will be set upon detecting an edge
0 Interrupt-on-change is disabled on the pin for a negative going edge
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11.5.10 Interrupt-on-Change Flag PORTA Register
Name: IOCFA
Offset: 0x66E
Bit 15 14 13 12 1 10 9 8
IOCFA[15:14] IOCFA[10:9]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCFA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:14 — IOCFA[15:14] Interrupt-on-Change Flag bits

Value Description
1 An enabled change was detected on the associated pin
0 No change was detected or the user cleared the detected change

Bits 10:9 — IOCFA[10:9] Interrupt-on-Change Flag bits
Value Description

1 An enabled change was detected on the associated pin

0 No change was detected or the user cleared the detected change

Bits 7:0 — IOCFA[7:0] Interrupt-on-Change Flag bits
Value Description

1 An enabled change was detected on the associated pin

0 No change was detected or the user cleared the detected change
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11.5.11 Interrupt-on-Change Pull-up Enable PORTA Register
Name: IOCPUA
Offset: 0x670
Bit 15 14 13 12 1 10 9 8
IOCPUA[15:14] | IOCPUA[10:9]
Access R/W R/W R/wW R/wW
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCPUA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:14 — IOCPUA[15:14] Interrupt-on-Change Pull-up Enable bits

Value Description
1 Pull-up is enabled
0 Pull-up is disabled

Bits 10:9 — IOCPUA[10:9] Interrupt-on-Change Pull-up Enable bits
Value Description

1 Pull-up is enabled
0 Pull-up is disabled

Bits 7:0 — IOCPUA[7:0] Interrupt-on-Change Pull-up Enable bits
Value Description

1 Pull-up is enabled
0 Pull-up is disabled
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11.5.12 Interrupt-on-Change Pull-Down Enable PORTA Register
Name: IOCPDA
Offset: 0x672
Bit 15 14 13 12 1 10 9 8
IOCPDA[15:14] | IOCPDA[10:9]
Access R/W R/W R/wW R/wW
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCPDA[7:0]
Access R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:14 — IOCPDA[15:14] Interrupt-on-Change Pull-Down Enable bits
Value Description

1 Pull-down is enabled

0 Pull-down is disabled

Bits 10:9 — IOCPDA[10:9] Interrupt-on-Change Pull-Down Enable bits
Value Description

1 Pull-down is enabled

0 Pull-down is disabled

Bits 7:0 — IOCPDA[7:0] Interrupt-on-Change Pull-Down Enable bits
Value Description

1 Pull-down is enabled

0 Pull-down is disabled
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11.5.13 Output Enable for PORTB Register
Name: TRISB
Offset: 0x674
Bit 15 14 13 12 1 10 9 8
TRISB[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
TRISB[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 15:0 — TRISB[15:0] Output Enable bits

Value Description

1 Pin is configured as input
0 Pin is configured as output
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/0 Ports
11.5.14 Input Data for PORTB Register
Name: PORTB
Offset: 0x676
Bit 15 14 13 12 11 10 9 8
RB[15:8]
Access R/W R/W R/W R/wW R/W R/wW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RB[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 — RB[15:0] Data Input Value bits
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11.5.15 Output Data for PORTB Register
Name: LATB
Offset: 0x678
Bit 15 14 13 12 11 10 9 8
LATB[15:8]
Access R/W R/W R/W R/W R/W R/wW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LATB[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 — LATB[15:0] Output Data bits
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11.5.16 Open-Drain Enable for PORTB Register
Name: ODCB
Offset: 0x67A
Bit 15 14 13 12 1 10 9 8
ODCBJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ODCBJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- ODCBJ[15:0] Open-Drain Enable bits

Value Description

1 Open-drain is enabled on the pin
0 Open-drain is disabled on the pin
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/0O Ports
11.5.17 Analog Select for PORTB Register
Name: ANSB
Offset: 0x67C
Bit 15 14 13 12 11 10 9 8
ANSBI[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
ANSB[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 15:0 — ANSB[15:0] Analog Input Select bits

Value Description

1 Analog input is enabled and digital input is disabled on the pin
0 Analog input is disabled and digital input is enabled on the pin
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11.5.18 Interrupt-on-Change Positive Edge PORTB Register
Name: IOCPB
Offset: Ox67E
Bit 15 14 13 12 11 10 9 8
IOCPBI[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCPBI[7:0]
Access R/W RIW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — IOCPB[15:0] Interrupt-on-Change Positive Edge Enable bits

Value Description

1 Interrupt-on-change is enabled on the pin for a positive going edge; the associated status bit and
interrupt flag will be set upon detecting an edge
0 Interrupt-on-change is disabled on the pin for a positive going edge
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11.5.19 Interrupt-on-Change Negative Edge PORTB Register
Name: IOCNB
Offset: 0x680
Bit 15 14 13 12 1 10 9 8
IOCNBJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCNBJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — IOCNBJ[15:0] Interrupt-on-Change Negative Edge Enable bits

Value Description

1 Interrupt-on-change is enabled on the pin for a negative going edge; the associated status bit and
interrupt flag will be set upon detecting an edge
0 Interrupt-on-change is disabled on the pin for a negative going edge
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11.5.20 Interrupt-on-Change Flag PORTB Register
Name: IOCFB
Offset: 0x682
Bit 15 14 13 12 1 10 9 8
IOCFB[15:8]
Access RIW R/W R/W R/W R/W RW R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IOCFB[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — IOCFB[15:0] Interrupt-on-Change Flag bits

Value Descrip