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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

3.0 CPU

Note 1: This data sheet summarizes the features
of the PIC24HJ32GP302/304,
PIC24HJ64GPX02/X04 and
PIC24HJ128GPX02/X04 families of
devices. Itis notintended to be a compre-
hensive reference source. To comple-
ment the information in this data sheet,
refer to Section 2. “CPU” (DS70204) of
the “dsPIC33F/PIC24H Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

3.1 Overview

The PIC24HJ32GP302/304, PIC24HJ64GPX02/X04
and PIC24HJ128GPX02/X04 CPU module has a 16-bit
(data) modified Harvard architecture with an enhanced
instruction set and addressing modes. The CPU has a
24-bit instruction word with a variable length opcode
field. The Program Counter (PC) is 23 bits wide and
addresses up to 4M x 24 bits of user program memory
space. The actual amount of program memory
implemented varies by device. 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,
single-cycle program loop constructs are supported
using the REPEAT instruction, which is interruptible at
any point.

The PIC24HJ32GP302/304, PIC24HJ64GPX02/X04
and PIC24HJ128GPX02/X04 devices have sixteen,
16-bit working registers in the programmer’s model.
Each of the working registers can serve as a data,
address or address offset register. The 16th working
register (W15) operates as a software Stack Pointer
(SP) for interrupts and calls.

The PIC24HJ32GP302/304, PIC24HJ64GPX02/X04
and PIC24HJ128GPX02/X04 instruction set includes
many addressing modes and is designed for optimum
C compiler efficiency. For most instructions, the
PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 and
PIC24HJ128GPX02/X04 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 A + B = C operations to be executed in a single
cycle.

A block diagram of the CPU is shown in Figure 3-1, and
the programmer’s model for the PIC24HJ32GP302/
304, PIC24HJ64GPX02/X04 and PIC24HJ128GPX02/
X04 is shown in Figure 3-2.

3.2 Data Addressing Overview

The data space can be linearly addressed as 32K words
or 64 Kbytes using an Address Generation Unit (AGU).
The upper 32 Kbytes of the data space memory map can
optionally be mapped into program space at any 16K
program word boundary defined by the 8-bit Program
Space Visibility Page (PSVPAG) register. The program to
data space mapping feature lets any instruction access
program space as if it were data space.

The data space also includes 2 Kbytes of DMA RAM,
which is primarily used for DMA data transfers, but may
be used as general purpose RAM.
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NOTES:
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

4.0 MEMORY ORGANIZATION
Note: This data sheet summarizes the features
of the PI1C24HJ32GP302/304,
PIC24HJ64GPX02/X04 and
PIC24HJ128GPX02/X04  families  of

devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
Section 4. “Program Memory”
(DS70203) of the “dsPIC33F/PIC24H
Family Reference Manual”, which is avail-
able from the Microchip web site
(www.microchip.com).

The PIC24HJ32GP302/304, PIC24HJ64GPX02/X04
and PIC24HJ128GPX02/X04 architecture features
separate program and data memory spaces and
buses. This architecture also allows the direct access
of program memory from the data space during code

4.1

The program address memory space of the
PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 and
PIC24HJ128GPX02/X04 devices is 4M instructions.
The space is addressable by a 24-bit value derived
either from the 23-bit Program Counter (PC) during
program execution, or from table operation or data
space remapping as described in Section 4.6
“Interfacing Program and Data Memory Spaces”.

Program Address Space

User application access to the program memory space
is restricted to the lower half of the address range
(0x000000 to Ox7FFFFF). The exception is the use of
TBLRD/TBLWT operations, which use TBLPAG<7> to
permit access to the Configuration bits and Device |D
sections of the configuration memory space.

The memory map for the PIC24HJ32GP302/304,
PIC24HJ64GPX02/X04 and PIC24HJ128GPX02/X04

execution.

FIGURE 4-1:

devices is shown in Figure 4-1.

AND PIC24HJ128GPX02/X04 DEVICES

PROGRAM MEMORY MAP FOR PIC24HJ32GP302/304, PIC24HJ64GPX02/X04

User Memory Space

Configuration Memory Space

Note:

PIC24HJ32GP302/304

GOTO Instruction

Reset Address

Interrupt Vector Table

Reserved

Alternate Vector Table

User Program
Flash Memory
(11264 instructions)

Unimplemented
(Read ‘0’s)

Reserved

Device Configuration
Registers

Reserved

DEVID (2)

Reserved

PIC24HJ64GPX02/X04 PIC24HJ128GPX02/X04
GOTO Instruction | _ _ _ _ _ _ _ _ GOTO Instruction 8x888888
X
- ResTtVAd(;!rej_s e - ReSTtVAdfre:-S " 0x000004
nterrupt Vector Table | nterrupt Vector Table | 1 00FE
Reserved | Reserved 0x000100
0x000104
Alternate Vector Table | Alternate Vector Table 0x0001FE
0x000200
User Program
FlashMemory | _ _ _ _ _ _ _ _|_ _ _ _ _ _ _ __| 0x0057FE
(22016 instructions) 0x005800
User Program
Flash Memory
(44032 instructions)
0x00ABFE
__________________ 0x00ACO00
Unimplemented 0x0157FE
(Read ‘0’s) 0x015800
Unimplemented
(Read ‘0’s)
________ 0x7FFFFE
0x800000
Reserved Reserved
________ OxF7FFFE
Device Configuration Device Configuration 0xF80000
Registers | Registers 0xF80017
0xF80018
Reserved Reserved
________ OxFEFFFE
DEVID (2) DEVID (2) 0xFF0000
0xFF0002
Reserved Reserved
OxFFFFFE

Memory areas are not shown to scale.
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 7-10: IECO: INTERRUPT ENABLE CONTROL REGISTER 0 (CONTINUED)

bit 2 OCH1IE: Output Compare Channel 1 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 1 IC1IE: Input Capture Channel 1 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 0 INTOIE: External Interrupt O Flag Status bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 7-11:  IEC1: INTERRUPT ENABLE CONTROL REGISTER 1 (CONTINUED)

bit 2 CMIE: Comparator Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 1 MI2C1IE: 12C1 Master Events Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 0 SI2C1IE: I12C1 Slave Events Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 7-21: IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T41P<2:0> — OC41P<2:0>
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— OC3IP<2:0> — DMA2IP<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 T41P<2:0>: Timer4 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 0OC41P<2:0>: Output Compare Channel 4 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 OC3IP<2:0>: Output Compare Channel 3 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 DMA2IP<2:0>: DMA Channel 2 Data Transfer Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 8-5: DMAXPAD: DMA CHANNEL x PERIPHERAL ADDRESS REGISTER(")
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PAD<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PAD<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 PAD<15:0>: Peripheral Address Register bits
Note 1: If the channel is enabled (i.e., active), writes to this register may result in unpredictable behavior of the
DMA channel and should be avoided.
REGISTER 8-6: DMAXCNT: DMA CHANNEL x TRANSFER COUNT REGISTER(")
uU-0 u-0 uU-0 uU-0 uU-0 U-0 R/W-0 R/W-0
— — — — — — \ CNT<9:8>(2)
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CNT<7:0>(2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-10 Unimplemented: Read as ‘0’
bit 9-0 CNT<9:0>: DMA Transfer Count Register bits(?
Note 1: If the channel is enabled (i.e., active), writes to this register may result in unpredictable behavior of the

DMA channel and should be avoided.
2: Number of DMA transfers = CNT<9:0> + 1.

© 2007-2012 Microchip Technology Inc. DS70293G-page 113



PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 8-7:

DMACSO0: DMA CONTROLLER STATUS REGISTER 0

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0
PWCOL7 PWCOL6 PWCOL5 PWCOL4 PWCOL3 PWCOL2 PWCOL1 PWCOLO
bit 15 bit 8
R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0
XWCOL7 XWCOL6 XWCOL5 XWCOL4 XWCOL3 XWCOL2 XWCOL1 XWCOLO
bit 7 bit 0

Legend: C = Clear only bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

PWCOLY7: Channel 7 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOLG6: Channel 6 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOLS5: Channel 5 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOL4: Channel 4 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOL3: Channel 3 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOL2: Channel 2 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOL1: Channel 1 Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

PWCOLO0: Channel O Peripheral Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

XWCOLY7: Channel 7 DMA RAM Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

XWCOLG6: Channel 6 DMA RAM Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

XWCOL5: Channel 5 DMA RAM Write Collision Flag bit
1 = Write collision detected

0 = No write collision detected

XWCOL4: Channel 4 DMA RAM Write Collision Flag bit

1 = Write collision detected
0 = No write collision detected

DS70293G-page 114
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NOTES:
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER9-1: OSCCON: OSCILLATOR CONTROL REGISTER('3®) (CONTINUED)

bit 3 CF: Clock Fail Detect bit (read/clear by application)
1 = FSCM has detected clock failure
0 = FSCM has not detected clock failure
bit 2 Unimplemented: Read as ‘0’
bit 1 LPOSCEN: Secondary (LP) Oscillator Enable bit
1 = Enable secondary oscillator
0 = Disable secondary oscillator
bit 0 OSWEN: Oscillator Switch Enable bit

1 = Request oscillator switch to selection specified by NOSC<2:0> bits
0 = Oscillator switch is complete

Note 1: Writes to this register require an unlock sequence. Refer to Section 39. “Oscillator (Part lll)” (DS70308)
in the “dsPIC33F/PIC24H Family Reference Manual” (available from the Microchip web site) for details.
2: Direct clock switches between any primary oscillator mode with PLL and FRCPLL mode are not permitted.
This applies to clock switches in either direction. In these instances, the application must switch to FRC
mode as a transition clock source between the two PLL modes.

3: This register is reset only on a Power-on Reset (POR).
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 11-1: RPINRO: PERIPHERAL PIN SELECT INPUT REGISTER 0

u-0 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — INT1R<4:0>
bit 15 bit 8
u-0 U-0 u-0 uU-0 u-0 u-0 u-0 uU-0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-13 Unimplemented: Read as ‘0’
bit 12-8 INT1R<4:0>: Assign External Interrupt 1 (INTR1) to the corresponding RPn pin
11111 = Input tied to Vss
11001 = Input tied to RP25
00001 = Input tied to RP1
00000 = Input tied to RPO
bit 7-0 Unimplemented: Read as ‘0’

REGISTER 11-2: RPINR1: PERIPHERAL PIN SELECT INPUT REGISTER 1

u-0 U-0 u-0 u-0 u-0 u-0 U-0 u-0
bit 15 bit 8
uU-0 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — INT2R<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-5 Unimplemented: Read as ‘0’
bit 4-0 INTR2R<4:0>: Assign External Interrupt 2 (INTR2) to the corresponding RPn pin

11111 = Input tied to Vss
11001 = Input tied to RP25

00001 = Input tied to RP1
00000 = Input tied to RPO
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

19.3 Modes of Operation

The ECAN module can operate in one of several
operation modes selected by the user. These modes
include:

« Initialization mode

» Disable mode

* Normal Operation mode

« Listen Only mode

« Listen All Messages mode
* Loopback mode

Modes are requested by setting the REQOP<2:0> bits
(CiCTRL1<10:8>). Entry into a mode is Acknowledged
by monitoring the OPMODE<2:0> bits
(CiCTRL1<7:5>). The module does not change the
mode and the OPMODE bits until a change in mode is
acceptable, generally during bus Idle time, which is
defined as at least 11 consecutive recessive bits.

19.3.1 INITIALIZATION MODE

In the Initialization mode, the module does not transmit
or receive. The error counters are cleared and the inter-
rupt flags remain unchanged. The user application has
access to Configuration registers that are access
restricted in other modes. The module protects the user
from accidentally violating the CAN protocol through
programming errors. All registers which control the
configuration of the module cannot be modified while
the module is on-line. The ECAN module is not allowed
to enter the Configuration mode while a transmission is
taking place. The Configuration mode serves as a lock
to protect the following registers:

* All Module Control registers

» Baud Rate and Interrupt Configuration registers
» Bus Timing registers

« I|dentifier Acceptance Filter registers

« I|dentifier Acceptance Mask registers

19.3.2 DISABLE MODE

In Disable mode, the ECAN module does not transmit
or receive. The module can set the WAKIF bit due to
bus activity, however, any pending interrupts remains
and the error counters retains their value.

If the REQOP<2:0> bits (CiCTRL1<10:8>) = 001, the
module enters the Module Disable mode. If the module is
active, the module waits for 11 recessive bits on the CAN
bus, detect that condition as an Idle bus, then accept the
module disable command. When the OPMODE<2:0>
bits (CiCTRL1<7:5>) = 001, that indicates whether the
module successfully went into Module Disable mode.
The I/O pins reverts to normal I/O function when the
module is in the Module Disable mode.

The module can be programmed to apply a low-pass
filter function to the CiRX input line while the module or
the CPU is in Sleep mode. The WAKFIL bit
(CiCFG2<14>) enables or disables the filter.

Note:  Typically, if the ECAN module is allowed to
transmit in a particular mode of operation
and a transmission is requested immedi-
ately after the ECAN module has been
placed in that mode of operation, the mod-
ule waits for 11 consecutive recessive bits
on the bus before starting transmission. If
the user switches to Disable mode within
this 11-bit period, then this transmission is
aborted and the corresponding TXABT bit
is set and TXREQ bit is cleared.

19.3.3 NORMAL OPERATION MODE

Normal Operation mode is selected when
REQOP<2:0>=000. In this mode, the module is
activated and the I/O pins assumes the CAN bus
functions. The module transmits and receive CAN bus
messages via the CiTX and CiRX pins.

19.3.4 LISTEN ONLY MODE

If the Listen Only mode is activated, the module on the
CAN bus is passive. The transmitter buffers revert to
the port 1/0 function. The receive pins remain inputs.
For the receiver, no error flags or Acknowledge signals
are sent. The error counters are deactivated in this
state. The Listen Only mode can be used for detecting
the baud rate on the CAN bus. To use this, it is neces-
sary that there are at least two further nodes that
communicate with each other.

19.3.5 LISTEN ALL MESSAGES MODE

The module can be set to ignore all errors and receive
any message. The Listen All Messages mode is
activated by setting REQOP<2:0> = 111. In this mode,
the data which is in the message assembly buffer, until
the time an error occurred, is copied in the receive
buffer and can be read via the CPU interface.

19.3.6 LOOPBACK MODE

If the Loopback mode is activated, the module con-
nects the internal transmit signal to the internal receive
signal at the module boundary. The transmit and
receive pins revert to their port I/O function.
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

REGISTER 21-2:

CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

uU-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE CVRR CVRSS CVR<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR

‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-8
bit 7

bit 6

bit 5

bit 4

bit 3-0

Unimplemented: Read as ‘0’

CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on

0 = CVREF circuit powered down

CVROE: Comparator VREF Output Enable bit

1 = CVREF voltage level is output on CVREF pin

0 = CVREF voltage level is disconnected from CVREF pin

CVRR: Comparator VREF Range Selection bit

1 = CVRsRCc range should be 0 to 0.625 CVRSRC with CVRSRC/24 step size
0 = CVRsRc range should be 0.25 to 0.719 CVRSRC with CVRSRC/32 step size
CVRSS: Comparator VREF Source Selection bit

1 = Comparator reference source CVRSRC = VREF+ — VREF-

0 = Comparator reference source CVRSRC = AVDD — AVSS

CVR<3:0>: Comparator VREF Value Selection 0 <CVR<3:0> <15 bits

When CVRR = 1:

CVREF = (CVR<3:0>/ 24) e (CVRSRC)

When CVRR = 0:

CVREF = 1/4 o (CVRSRC) + (CVR<3:0>/32) ® (CVRSRC)
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

23.4 Programmable CRC Resources

Many useful resources related to Programmable CRC
are provided on the main product page of the Microchip
web site for the devices listed in this data sheet. This
product page, which can be accessed using this link,
contains the latest updates and additional information.

Note: Inthe event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en534555

2341 KEY RESOURCES

Section 36. “Programmable Cyclic Redundancy
Check CRC)” (DS70298)

Code Samples
Application Notes
Software Libraries
Webinars

All related dsPIC33F/PIC24H Family Reference
Manuals Sections

Development Tools
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25.5 JTAG Interface

The PIC24HJ32GP302/304, PIC24HJ64GPX02/X04
and PIC24HJ128GPX02/X04 devices implement a
JTAG interface, which supports boundary scan device
testing, as well as in-circuit programming. Detailed
information on this interface is provided in future
revisions of the document.

Note: Refer to Section 24. “Programming and
Diagnostics” (DS70246) of the
“dsPIC33F/PIC24H Family Reference
Manual” for further information on usage,
configuration and operation of the JTAG
interface.

25.6  In-Circuit Serial Programming

The PIC24HJ32GP302/304, PIC24HJ64GPX02/X04
and PIC24HJ128GPX02/X04 devices can be serially
programmed while in the end application circuit. This is
done with two lines for clock and data and three other
lines for power, ground and the programming
sequence. Serial programming allows customers to
manufacture boards with unprogrammed devices and
then program the microcontroller just before shipping
the product. Serial programming also allows the most
recent firmware or a custom firmware to be
programmed. Refer to the “dsPIC33F/PIC24H Flash
Programming Specification” (DS70152) for details
about In-Circuit Serial Programming (ICSP).

Any of the three pairs of programming clock/data pins
can be used:

* PGEC1 and PGED1

* PGEC2 and PGED2

* PGEC3 and PGED3

25.7 In-Circuit Debugger

When MPLAB® ICD 2 is selected as a debugger, the
in-circuit debugging functionality is enabled. This
function allows simple debugging functions when used
with MPLAB IDE. Debugging functionality is controlled
through the PGECx (Emulation/Debug Clock) and
PGEDx (Emulation/Debug Data) pin functions.

Any of the three pairs of debugging clock/data pins can
be used:

+ PGEC1 and PGED1
» PGEC2 and PGED2
+ PGEC3 and PGED3

To use the in-circuit debugger function of the device,
the design must implement ICSP connections to
MCLR, VDD, Vss, and the PGECx/PGEDx pin pair. In
addition, when the feature is enabled, some of the
resources are not available for general use. These
resources include the first 80 bytes of data RAM and
two I/O pins.

25.8 Code Protection and
CodeGuard™ Security

The PIC24HJ64GPX02/X04 and
PIC24HJ128GPX02/X04 devices offer advanced
implementation of CodeGuard Security that supports
BS, SS and GS while, the PIC24HJ32GP302/304
devices offer the intermediate level of CodeGuard
Security that supports only BS and GS. CodeGuard
Security enables multiple parties to securely share
resources (memory, interrupts and peripherals) on a
single chip. This feature helps protect individual
Intellectual Property in collaborative system designs.

When coupled with software encryption libraries,
CodeGuard Security can be used to securely update
Flash even when multiple IPs reside on the single chip.
The code protection features vary depending on the
actual PIC24H implemented. The following sections
provide an overview of these features.

Secure segment and RAM protection is implemented
on the PIC24HJ64GPX02/X04 and
PIC24HJ128GPX02/X04 devices. The
PIC24HJ32GP302/304 devices do not support secure
segment and RAM protection.

Note: Refer to Section 23. “CodeGuard™
Security” (DS70239) of the
“dsPIC33F/PIC24H Family Reference
Manual” for further information on usage,
configuration and operation of

CodeGuard Security.
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TABLE 25-5:

CODE FLASH SECURITY SEGMENT SIZES FOR 128 KB DEVICES

CONFIG BITS BSS<2:0> = x11 0K BSS<2:0> = x10 1K BSS<2:0> = x01 4K BSS<2:0> = x00 8K
— 0x000000h — 0x000000h — 0x000000h — 0x000000h
ST nannteeh e e S Q001EEh e
X _ - X —
DO00IESn s PO RInIN | oxaonreen PO =TI | ouo00rEsh
X X! X
s = FFEh h FEEh h
§88<2:0> = x11 *<003008H 009000H Bx383566r 209066k
oK 020050 8083666 8383066 0983856
0x007FFEh OXBO7FEEN XOOTFEEN 9Q07EFEN
0x008000h x008000h x008000h x008000h
OXQOFEEEN QXROFEFEN XQOFFEEN QX00FEEEN
GS =43776 IW  |[0x010000h GS = 43008 IW |0x010000h GS =39936 IW | 0x010000h GS = 35840 IW  |0x010000h
0x0157FEh 0x0157FEh 0x0157FEh 0x0157FEh
- 0x000000h - 0x000000h - 0x000000h - 0x000000h
VS=256 W | 0x000iprEn VS =256 W | 0x000iFEn VS =256 W | Ox0001FEN VS = 256 IW <Q001FEN
0x000200h BS =768 W | 0x000200h S —3aa0 1w | 0x000200h 5S = 7036 W | 0X00020
0x0007FEh = 0xQ007FEh = 0x0007FEh = XQ007FEN
ss=smom SR | oo | SN e e
. - X X! X X!
A b S s
X X X X
s S e s e
X X
0x008000h 0x008000h 0x008000h BxBR5056h
0Ox00ABFEh 0x00ABFEh 0x00ABFEh 0x00ABFEh
GS = 39936 IW GS = 39936 IW GS = 39936 IW GS = 35840 IW
0x0157FEh 0x0157FEh 0x0157FEh 0x0157FEh
Vs =256 W | OxO00009n vs=2561w | 9x300000n vs=256 1w | X0009000 vs=256 1w | (XO000090
x338455h - 0x000200h - 8888365+ - 0x000200h
XQ007FEN BS=768IW | 0x0007FEN BS=38401W  IoxpoozEEn BS=7936 IW | 0x0007FEh
Sy i b
$88<2:0> = x01 0x002000h 0x002000h Xx002000h 0x002000n
SS=7936 IW | 0x003FFEh SS=7168IW | 0xQQ3FFEh SS = 4096 IW FFEh 0x003FFEh
8K 0x004000h 0x004000h 8883665+ Ox004000h
0x007FFEh 0x007FFEh OXO07FFER 0x007FFEh
0x008000h 0x008000h x008000h 0x008000h
0XQOFFFEh O0XQ0FFFEh XQOFFEER OXQO0FFFE
GS = 35840 IW | 0x010000h GS =35840 IW | 0x010000h GS =35840 IW | 0x0100 GS = 35840 IW | 0x010000h
0x0157FEh 0x0157FEh 0x0157FEh 0x0157FEh
— 0x000000h — 0x000000h — 0x000000h — 0x000000h
VS =256 IW | 0x0001FEN VS = 256 IW «0001FEn VS = 256 IW DXO00TERN VS = 256 IW \0001FEn
oguoZ90n BS = 768 IW oo BS=3840 W  |oX00050en BS=7936 W | 0X0007cen
7 = 7 = 7 = 7
8;((888800hh x40 500 8§888goor;] 83((888'{;20?1
§88<2:0> = x00 8%88%555;1 Xx%%égggn 8%88%@5;} §883225¢‘
X X! X X
16K SS = 16128 IW 8082656 SS = 15360 IW 3884005F SS = 12288 IW 80026047 SS=8192 W X0020001
XOO7FEER XQOTEFEN OXBO7FEEN OXBO7FEEN
x008000h x008000h x008000h x008000h
xQOFFFEh ¥QOFFEE 0XQOFEFE xQQFEFER
GS = 27648 IW 8x8?086:(jf:h GS = 27648 IW xgqooggh GS =27648 Iw | 0x010000h GS = 27648 IW 8x81000 h
0x0157FEh 0x0157FEh 0x0157FEh 0x0157FEh
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

TABLE 26-2: INSTRUCTION SET OVERVIEW (CONTINUED)

IBna;st(: Gzz;"::i% Assembly Syntax Description V\z) ?(:s Czc?(fes St?flf‘:cﬂzgs

69 ULNK ULNK Unlink Frame Pointer 1 1 None

70 XOR XOR £ f=f.XOR. WREG 1 1 N,Z
XOR £, WREG WREG = f .XOR. WREG 1 1 N,Z
XOR #1it10,Wn Wd = 1it10 .XOR. Wd 1 1 N,Z
XOR Wb, Ws, Wd Wd = Wb .XOR. Ws 1 1 N,Z
XOR Wob, #1it5,Wd Wd = Wb .XOR. lit5 1 1 N,Z

71 ZE ZE Ws, Wnd Wnd = Zero-extend Ws 1 1 C,ZN
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

27.11 PICKkit 2 Development
Programmer/Debugger and
PICkit 2 Debug Express

The PICKit™ 2 Development Programmer/Debugger is
a low-cost development tool with an easy to use
interface for programming and debugging Microchip’s
Flash families of microcontrollers. The full featured
Windows® programming interface supports baseline
(PIC10F, PIC12F5xx, PIC16F5xx), midrange
(PIC12F6xx, PIC16F), PIC18F, PIC24, dsPIC30,
dsPIC33, and PIC32 families of 8-bit, 16-bit, and 32-bit
microcontrollers, and many Microchip Serial EEPROM
products. With Microchip’s powerful MPLAB Integrated
Development Environment (IDE) the PICkit™ 2
enables in-circuit debugging on most PIC®
microcontrollers. In-Circuit-Debugging runs, halts and
single steps the program while the PIC microcontroller
is embedded in the application. When halted at a
breakpoint, the file registers can be examined and
modified.

The PICkit 2 Debug Express include the PICkit 2, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

2712 MPLAB PM3 Device Programmer

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

27.13 Demonstration/Development
Boards, Evaluation Kits, and
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

TABLE 28-17: PLL CLOCK TIMING SPECIFICATIONS (VbD = 3.0V TO 3.6V)

Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TAa <+125°C for Extended

Pilrgm Symbol Characteristic Min Typ'" Max | Units Conditions
0S50 |FpLLI PLL Voltage Controlled 0.8 — 8 MHz |ECPLL, HSPLL, XTPLL

Oscillator (VCO) Input modes

Frequency Range
0S51 |Fsys On-Chip VCO System 100 — 200 MHz |—

Frequency
0S52 |TLock PLL Start-up Time (Lock Time) 0.9 1.5 3.1 mS |—
0S53 |DcLk CLKO Stability (Jitter) -3 0.5 3 % |Measured over 100 ms

period

Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.

2: These parameters are characterized by similarity, but are not tested in manufacturing. This specification is
based on clock cycle by clock cycle measurements. To calculate the effective jitter for individual time bases
or communication clocks use this formula:

Peripheral Clock Jitter = DCLK

( Fosc )
Peripheral Bit Rate Clock

For example: Fosc = 32 MHz, DcLK = 3%, SPI bit rate clock, (i.e., SCK) is 2 MHz.

0, 0,
SPI SCK Jitter = | —2CLK | _ [ﬁJ - [%} = 0.75%
(32 MHZ) J16
2 MHz

TABLE 28-18: AC CHARACTERISTICS: INTERNAL RC ACCURACY

Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C <TA <+85°C for Industrial
-40°C <TA <+125°C for Extended

Pi‘r:m Characteristic Min Typ Max | Units Conditions
Internal FRC Accuracy @ 7.3728 MHz(")

F20 FRC -2 — +2 % -40°C <TA< +85°C VDD = 3.0-3.6V
FRC -5 — +5 % -40°C <TA< +125°C VbD = 3.0-3.6V

Note 1: Frequency calibrated at 25°C and 3.3V. TUN bits can be used to compensate for temperature drift.

TABLE 28-19: INTERNAL RC ACCURACY

Standard Operating Conditions: 3.0V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C <TA <+85°C for Industrial

-40°C <TA <+125°C for Extended

Pi{:m Characteristic Min Typ Max | Units Conditions
LPRC @ 32.768 kHz("

F21 LPRC -20 16 +20 % -40°C <TA < +85°C VDD = 3.0-3.6V
LPRC -30 — +30 % -40°C <TA < +125°C VDD = 3.0-3.6V

Note 1: Change of LPRC frequency as VDD changes.
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PIC24HJ32GP302/304, PIC24HJ64GPX02/X04 AND PIC24HJ128GPX02/X04

TABLE A-4: MAJOR SECTION UPDATES (CONTINUED)

Section Name

Update Description

Section 28.0 “Electrical Characteristics”

Updated the maximum value for Extended Temperature Devices in
the Thermal Operating Conditions (see Table 28-2).

Removed Note 4 from the DC Temperature and Voltage
Specifications (see Table 28-4).

Updated all typical and maximum Operating Current (IDD) values
(see Table 28-5).

Updated all typical and maximum Idle Current (IIDLE) values (see
Table 28-6).

Updated the maximum Power-Down Current (IPD) values for
parameters DC60d, DC60a, and DC60b (see Table 28-7).

Updated all typical Doze Current (Idoze) values (see Table 28-8).

Updated the maximum value for parameter DI19 and added
parameters D128, DI29, DI60a, DI60b, and DI60c to the I/O Pin Input
Specifications (see Table 28-9).

Added Note 2 to the PLL Clock Timing Specifications (see Table 28-
17)

Removed Note 2 from the AC Characteristics: Internal RC Accuracy
(see Table 28-18).

Updated the Internal RC Accuracy minimum and maximum values
for parameter F21b (see Table 28-19).

Updated the characteristic description for parameter DI35 in the I/O
Timing Requirements (see Table 28-20).

Updated all SPI specifications (see Table 28-28 through Table 28-35
and Figure 28-10 through Figure 28-16)

Updated the ADC Module Specification minimum values for
parameters ADO5 and ADQ7, and updated the maximum value for
parameter ADO6 (see Table 28-41).

Updated the ADC Module Specifications (12-bit Mode) minimum and
maximum values for parameter AD21a (see Table 28-42).

Updated all ADC Module Specifications (10-bit Mode) values, with
the exception of Dynamic Performance (see Table 28-43).

Updated the minimum value for parameter PM6 and the maximum
value for parameter PM7 in the Parallel Master Port Read Timing
Requirements (see Table 28-49).

Added DMA Read/Write Timing Requirements (see Table 28-51).
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