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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

16-Bit

20 MIPS

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
21

32KB (11K x 24)

FLASH

2K'x 8

3V ~ 3.6V

A/D 10x10b/12b

Internal

-40°C ~ 150°C (TA)

Surface Mount

28-VQFN Exposed Pad

28-QFN-S (6x6)
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

1.0 DEVICE OVERVIEW

Note 1: This data sheet sumrarizes the feature
of the PIC24HJ32GP202/204 an
PIC24HJ16GP304 devices. It is nQ
intended to be a comprehensive refg-
ence source. To complement the infdr-
mation in this data sheet, refer to tige
“dsPIC33F/PIC24H Family Reference
Manual”. Please see the Microchip we|
site (www.microchip.coinfor the lates
dsPIC33F/PIC24H Family Referenc
Manual sections.

2. Some registers and associated bifs
described in this section may not pe
available on all devices. Refer
Section 4.0 Memory Organization in
this data sheet for deice-specific regist
and bit information.

This document contains dedespecific information for
the following devices:

» PIC24HJ32GP202

* PIC24HJ32GP204

* PIC24HJ16GP304

Figure 1-1shows a general block diagram of the core
and peripheral modules ithe PIC24HJ32GP202/204
and PIC24HJ16GP304 family of devicesTable 1-1

lists the functions of the various pins shown in the
pinout diagrams.
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

3.0 CPU

Note 1:

This data sheet sumrarizes the feature
of the PIC24HJ32GP202/204 an
PIC24HJ16GP304 family of device
However, it is not intended to be a coffp-
prehensive reference source. To comple-
ment the information in this data shept,
refer to Section 2. CPU  (DS70204) of
the “dsPIC33F/PIC24H Family Refer-
ence Manual”, which is available from t
Microchip websiteww.microchip.coim

2. Some registers and associated bifls
described in this section may not pe
available on all devices. Refer
Section 4.0 Memory Organization in
this data sheet for deice-specific regist
and bit information.

The PIC24HJ32GP202/204 and PIC24HJ16GP304
CPU modules have 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 programmemory implemented varies
by device. A single-cyel instruction prefetch
mechanism is used to help maintain throughput and
provides predictable execwoti. All instructions execute
in a single cycle, with the erption 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 thBEPEAT instruction, which is
interruptible at any time.

The PIC24HJ32GP202/204 and PIC24HJ16GP304
devices have sixteen, 16-bitvorking registers in the
programmer’s model. Each of the working registers can
serve as a data, address oaddress offset register. The
16th working register (W15) operates as a software Stack
Pointer (SP) for interrupts and calls.

The instruction set includes many addressing modes
and is designed for optimum C compiler efficiency. For
most instructions, the devices are 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 aresult, three pameter instructions can be
supported, allowing A+B = C operations to be
executed in a single cycle.

A block diagram of the CPU is shownkigure 3-1 The

programmer’s model fothe PIC24HJ32GP202/204
and PIC24HJ16GP304 is shown ifFigure 3-2

3.1 Data Addressing Overview

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

The data space also includes 2 Kbytes of DMA RAM,
which is primarily used for DMA data transfers, but this
may be used as general purpose RAM.

3.2 Special MCU Features

The PIC24HJ32GP202/204 and PIC24HJ16GP304
devices feature a 17-bitby 17-bit, single-cycle
multiplier. The multiplier can perform signed, unsigned
and mixed-sign multiplication. Using a 17-bit by 17-bit
multiplier for 16-bit by 16-bit multiplication makes
mixed-sigh multiplication possible.

The PIC24HJ32GP202/204 and PIC24HJ16GP304
devices support 16/16 and 32/16 integer divide
operations. All divide &tructions are iterative
operations. They must be executed withinREPEAT
loop, resulting in a total execution time of 19 instruction
cycles. The divide operatiocan be interrpted during
any of those 19 cyclesvithout loss of data.

A multi-bit data shifter is used to perform up to a 16-bit,
left or right shift in a single cycle.

/ 2007-2011 Microchip Technology Inc.
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4.2 Data Address Space

The CPU has a separate 16 bit wide data memory
space. The data space is accessed using separate
Address Generation Units BUs) for read and write

operations. The data memory maps is shown in
Figure 4-3

All Effective Addresses (EA#) the data memory space
are 16 bits wide and point to the bytes within the data
space. This arrangement gives a data space address
range of 64 Kbytes or 32K words. The lower half of the
data memory space (that is, when EA<15>@) is used
for implemented memory addresses, while the upper
half (EA<15> =1) is reserved for the Program Space
Visibility area (seeSection 4.6.3 Reading Data from
Program Memory Using Program Space Visibility ).

PIC24HJ32GP202/204 and PIC24HJ16GP304
devices implement up to 2 Kbytes of data memory.
Should an EA point to alocation outside of this area, an
all-zero word or byte will be returned.

421 DATA SPACE WIDTH

The data memory space is organized in byte
addressable, 16 bit wide blocks. Data is 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.
4.2.2 DATA MEMORY ORGANIZATION

AND ALIGNMENT

To maintain backward compatibility with Pl@evices
and improve data space memory usage efficiency, the
PIC24HJ32GP202/204 and PIC24HJ16GP304 instruc-
tion set supports both word and byte operations. As a
consequence of byte accessilty, all effective address
calculations are internally scaled to step through
word-aligned memory. For exple, the core recog-
nizes that Post-Modified Rgster 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 that
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 shed (word) address decode,
but separate write lines. Dathyte writes only write to
the corresponding side of the array or register that
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 when transliatg from 8-bit MCU code. If

a misaligned read or write is attempted, an address
error trap is generated. If the error occurred on aread,
the instruction underway is emleted. If the instruction
occurred on a write, the instruction is executed but the
write does not occur. In either case, a trap is then
executed, allowing the systemnd/or user application
to examine the machine state prior to execution of the
address Fault.

All byte loads into any W register are loaded into the
Least Significant Byte. The Most Significant Byte is not
modified.

A sign-extend instructionSE) is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, user
applications can clear the MSB of any W register by
executing a zero-extend ZE) instruction on the
appropriate address.

4.2.3 SFR SPACE

Thefirst 2 Kbytes of the Near Data Space, from 0x0000
to OxO7FF, is primarily occupied by Special Function
Registers (SFRs). These are wused by the
PIC24HJ32GP202/204 and PIC24HJ16GP304 core
and peripheral modules to control the operation of the
device.

SFRs are distributed amam the modules that they
control, and are generallgrouped together by module.
Much of the SFR space contains unused addresses;
these areread as0’. A complete listing of implemented
SFRs, including their addresses, is shownTable 4-1
throughTable 4-22.

Note: The actual set of peripheral features afd
interrupts varies by the device. Refer fo
the corresponding device tables agd

pinout diagrams for device-specific

information.

42.4 NEAR DATA SPACE

The 8 Kbyte area between 0x0000 and Ox1FFF is
referred to as the Near Data Space. Locations in this
space are directly addressable via 13-bit absolute
address field within all memory direct instructions.
Additionally, the whole data space is addressable using
MOV instructions, which support Memory Direct
Addressing mode with a 16-baddress field, or by
using Indirect Addressing mode using a working
register as an address pointer.

/ 2007-2011 Microchip Technology Inc.
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PIC24HJ16GP304

FIGURE 4-3: DATA MEMORY MAP FOR PIC2 4HJ32GP202/204 AND PIC24HJ16GP304
DEVICES WITH 2 KB RAM
MSB LSB
Address 16 bits Address
- L
MSh LSb
— 0x0001 ' 0x0000 ~
2 Kbyte SFR Space
SFR Space | OXO7FF | OxO07FE
— 0x0801 | 0x0800
X Data'RAM (X) I
2 Kbyte | 8 Kbyte
Near data space
SRAM Space | OXOFFF | OXOFFE
0x1001 | 0x1000
|
OX1FFF OX1FFE |
0x2001 | 0x2000
|
|
|
|
|
0x8001 | _ _ _ _ _ ] 0x8000
|
|
|
|
X Data
Optionally Unimplemented (X)
Mapped |
into Program |
Memory |
|
|
|
OxFFFF | OxFFFE
|

4.3 Program Memory Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using thidink contains the latest updates
and additional information.

Note: In the event you are not able to acce
the product page using the link abo
enter this URL in your browseq:
http://www.microchip.com/wwwproductg/
Devices.aspx@DocName=en530271

43.1 KEY RESOURCES

« Section 4. Program Memory (DS70202)
e Code Samples

* Application Notes

» Software Libraries

* Webinars

« All related dsPIC33F/PIC24H Family Reference
Manuals Sections

« Development Tools

DS70289J-page 28
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441 SOFTWARE STACK

In addition to its use as a working register, the W15
register is also used as a software Stack Pointer. The
Stack Pointer always points to the first available free
word and grows from lower to higher addresses. It
pre-decrements for stack pops and post-increments for
stack pushes, as shown iRigure 4-4 For a PC push
during anyCALL instruction, theMSB of the PC is
zero-extended before the push, ensuring that the MSB
is always clear.

Note: A PC push during exception processifg
concatenates the SRltegister to the MS

of the PC prior to the push.

The Stack Pointer Limitegister (SPLIM) associated
with the Stack Pointer sets an upper address boundary
for the stack. SPLIM is uninitialized at Reset. Similarly,
the Stack Pointer, SPLIM<0> is forced t0’‘because all
stack operations must be word aligned.

When an EA is generated using W15 as a source or
destination pointer, the resulting address is compared
with the value in SPLIM. If the contents of the Stack
Pointer (W15) and the SPLIM register are equal and a
push operation is performed, a stack error trap will not
occur. The stack error trap will occur on a subsequent
push operation. For example, to cause a stack error
trap when the stack grows beyond address 0x1000 in
RAM, initialize the SPLIM with the value OxOFFE.

Similarly, a Stack Pointer underflow (stack error) trap is
generated when the Stack Pointer address is found to
be lesser than 0x0800. This prevents the stack from
interfering with the Special Function Register (SFR)
space.

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 4-4: CALL STACK FRAME

0x0000 15 0

PC<15:0>
000000000| PC<22:16>
<Free Word>

-« W15 (beforeCALL)

-« W15 (after CALL)

Stack Grows Toward
Higher Address

ol
-

POP : [--W15]
PUSH : [W15++]

4.4.2 DATA RAM PROTECTION FEATURE

The PIC24H product family supports Data RAM
protection featureshat enable segments of RAM to be
protected when used in conjunction with Boot and
Secure Code Segment Security. BSRAM (Secure RAM
segment for BS) is accessible only from the Boot
Segment Flash code when enabled. SSRAM (Secure
RAM segment for RAM) is accessible only from the
Secure Segment Flash code when enabled. See
Table 4-1for an overview of the BSRAM and SSRAM
SFRs.

4.5 Instruction Addressing Modes

The addressing modes shown ifable 4-23 form the
basis of the addressing modes optimized to support the
specific features of ndividual instructions. The
addressing modes provided in th®AC class of
instructions differ fromdbe in the other instruction

types.

451 FILE REGISTER INSTRUCTIONS

Most file register instructions use a 13-bit address field
(f) to directly address data present in the first 8192
bytes of data memory (Near Data Space). Most file
register instructions employ a working register, WO,
which is denoted as WREG in these instructions. The
destination is typically eithéne same file register or
WREG (with the exception of théUL instruction),
which writes the result to aregister or register pair. The
MOV instruction allows additional flexibility and can
access the entire data space.

45.2 MCU INSTRUCTIONS

The three-operand MCU instretions are of the form:
Operand 3 =0Operand 1 <function> Operand 2
where:

Operand 1 is always a working register (that is, the
addressing mode can only be register direct), which is
referred to as Wb.
Operand 2 can be a W register, fetched from data
memory, or a 5-bit literal. The result location can be
either a W register or a data memory location. The fol-
lowing addressing modes are supported by MCU
instructions:
* Register Direct
» Register Indirect
* Register Indirect Post-Modified
* Register Indirect Pre-Modified
* 5-bit or 10-bit Literal

Note: Not all instructions support all e

addressing modes given above. Individdal

instructions can support different subgets
of these addressing modes.

DS70289J-page 40
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PIC24HJ32GP202/204 AND PIC24HJ16GP304

TABLE 4-23: FUNDAMENTAL A

DDRESSING MODES SUPPORTED

Addressing Mode

Description

File Register Direct

The address of tHe register is specified explicitly.

Register Direct

The contents @fregister are accessed directly.

Register Indirect

The contents of Warms the Effective Address (EA.)

Register Indirect Post-Modified Thmntents of Wn forms the EA. Wn is post-modified (incremented or
decremented) by a constant value.

to form the EA.

Register Indirect Pre-Modified Whn is pre-modified (sroented or decrementeddy a signed constant valu

11%

(Register Indexed)

Register Indirect with Register OffsgThe sum of Wn and Wb forms the EA.

Register Indirect with Literal Offset |[The sum of Wn and a literal forms the EA.

4.5.3 MOVE (MOV) INSTRUCTION

Move instructions provide a greater degree of
addressing flexibility thathe other instructions. In
addition to the Addressing modes supported by most
MCU instructions, MOV instructions also support
Register Indirect with &yister Offset Addressing
mode. This is also referred to as Register Indexed
mode.

Note: For the MOV instructions, the addressirjg
mode specified in the instruction can difer
for the source and the destination
However, the 4-bit Wb (Register Offse])
field is shared by both source afd
destination (but typically only used py
one).

In summary, move instruotis support the following
addressing modes:
* Register Direct
* Register Indirect
* Register IndirecPost-modified
* Register Indirect Pre-modified
« Register Indirect with Register Offset (Indexed)
* Register Indirect with Literal Offset
e 8-bit Literal
« 16-bit Literal
Note: Not all instructions support all e
addressing modes given above. Individfal

instructions may support different subgets
of these addressing modes.

454 OTHER INSTRUCTIONS

Besides the addressing modes outlined previously,
some instructions use literal constants of various sizes.
For example, BRA (branch) instructions use 16-bit
signed literals to specify the branch destination directly,
whereas theDISI instruction uses a 14-bit unsigned
literal field. In some instructions, suchARD Acc, the
source of an operand or result is implied by the opcode
itself. Certain operations, such &9P, do not have any
operands.

/ 2007-2011 Microchip Technology Inc.
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7.3 Interrupt Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using thidink contains the latest updates
and additional information.

Note: In the event you are not able to accegs
the product page using the link aboe,
enter this URL in your browsq:
http://www.microchip.com/wwwproductg/

Devices.aspx@DocName=en530271

KEY RESOURCES
(DS70184)

7.3.1

« Section 6. Interrupts
e Code Samples

» Application Notes
» Software Libraries
* Webinars

« All related dsPIC33F/PIC24H Family Reference
Manuals Sections

« Development Tools

7.4 Interrupt Control and Status
Registers

PIC24HJ32GP202/204 and PIC24HJ16GP304
devices implement a total of 17 registers for the
interrupt controller:

* Interrupt Control Register 1 (INTCON1)

* Interrupt Control Register 2 (INTCONZ2)

 Interrupt Flag Status Registers (IFSx)

 Interrupt Enable Control Registers (IECx)
 Interrupt Priority Control Registers (IPCx)

* Interrupt Control and 8tus Register (INTTREG)

7.4.1 INTCON1 AND INTCON2

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the
Interrupt Nesting Disable bit (NSTDIS) as well as the
control and status flags ftlne processor trap sources.
The INTCON2 register contris the external interrupt
request signal behavior and the use of the Alternate
Interrupt Vector Table.

7.4.2 IFSX

The IFS registers maintain all the interrupt request
flags. Each source of interrupt has a status bit, which is
set by the respective peripherals or external signal and
this is cleared via software.

7.4.3 IECx

The IEC registers maintain all the interrupt enable bits.
These control bits are used individually to enable
interrupts from the peripherals or external signals.

7.4.4 IPCx

The IPC registers are used to set the interrupt priority
level for each source of interrupt. Each user interrupt
source can be assigned to one of the eight priority
levels.

7.4.5 INTTREG

The INTTREG register contains the associated
interrupt vector number and the new CPU interrupt
priority level, which are latched into vector number
(VECNUM<6:0>) and Interrupt level (ILR<3:0>) bit
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 that they are
listed inTable 7-1. 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 IFS0<0>, the INTOIE bit in IEC0<0>, and the INTOIP
bits in the first position of IPCO (IPC0<2:0>).

7.4.6 STATUS REGISTERS

Although these are not speciéidy part of the interrupt
control hardware, two othe CPU Control registers
contain bits that contranterrupt functionality:

e 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 can
change the current CPU priority level by writing to
the IPL bits.

e The CORCON register contains the IPL3 bit
which, together with IPL<2:0>, also indicates the
current CPU priority level. IPL3 is a read-only bit,
so that trap events cannot be masked by the user
software.

All Interrupt registers are described Register 7-1
throughRegister 7-19

DS70289J-page 66
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REGISTER 7-12:

IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1

U-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0
— T21P<2:0> — OC2IP<2:0>
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0
— IC2IP<2:0> — — —
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3-0

Unimplemented: Read as 0’

T2IP<2:0>: Timer2 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as 0’

OC2IP<2:0>: Output Compare Channel 2 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as 0’

IC2IP<2:0>: Input Capture Channel 2 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as 0’

DS70289J-page 80
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REGISTER 8-3: PLLFBD: PLL FEEDBACK DIVISOR REGISTER (@

U-0 uU-0 U-0 U-0 U-0 uU-0 U-0 R/W-0
— — — — — \ —  BLLDIV<8>
bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
PLLDIV<7:0>
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit

U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-9 Unimplemented: Read as 0’
bit 8-0 PLLDIV<8:0>: PLL Feedback Divisor bits (also denoted as ‘M’, PLL multiplier)

111111111 =513

000110000 = 50 (default)

000000010 =4
000000001 =3
000000000 =2

Note 1: This registeris reset only on a Power-on Reset (POR).
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10.6

A major challenge in general purpose devices is
providing the largest possible set of peripheral features
while minimizing the confliof features on 1/O pins.
The challenge is even greater on low-pin count
devices. In an application where more than one
peripheral must be assigned to a single pin, inconve-
nient workarounds in application code or a complete
redesign may be the only option.

Peripheral Pin Select

Peripheral pin select configuration enables peripheral
set selection and placement on a wide range of 1/O
pins. By increasing the pinout options available on a
particular device, programmers can better tailor the
microcontroller to their émt application, rather than
trimming the application to fit the device.

The peripheral pin select configuration feature
operates over a fixed subset of digital I/O pins.
Programmers can independently map the input and/or
output of most digital peripherals to any one of these
I/O pins. Peripheral pin select 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.

10.6.1 AVAILABLE PINS

The peripheral pin select feature is used with a range
of up to 26 pins. The number of available pins depends
on the particular device and its pin count. Pins that
support the peripheral pin bt feature include the
designation “RPn” in their full pin designation, where
“RP” designates aremappable peripheral and “n” is the
remappable pin number.

10.6.2 CONTROLLING PERIPHERAL PIN

SELECT

Peripheral pin select features are controlled through
two sets of special function registers to map
peripherals and to map outputs.

Since they are separatelycontrolled, a particular
peripheral’s input and outp(it 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 whether an put or output is being
mapped.

10.6.2.1 Input Mapping

The inputs of the peripheral pin select options are
mapped on the basis of the peripheral. 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 (sRegister 10-1
throughRegister 10-9. Each register contains sets of
5-bit fields, with each set associated with one of the
remappable peripherals. Programming a given
peripheral’s bit field with an appropriate 5-bit value
maps the RPn pin with that value to that peripheral. For
any given device, the valid range of values for any bit
field corresponds to the maximum number of peripheral
pin selections supported by the device.

Figure 10-2 lllustrates remappale pin selection for
U1RX input.

Note: For input mapping only, the Peripheral Hin
Select (PPS) functiaality does not hav

priority over the TRISx settings. Ther-
fore, when configuring the RPn pin for
input, the corresponding bit in the TRIpx
register must also beonfigured for inpt

(i.e., setto 1’).

FIGURE 10-2: REMAPPABLE MUX

INPUT FOR U1RX

U1RXR<4:0>

U1RX input
to peripheral
2 |
RP2
[ ] [ ]
[ ] [
[ [
X z
RP25
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REGISTER 10-7: RPINR18: PERIPHERAL PIN SELECT INPUT REGISTER 18

uU-0 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — U1CTSR<4:0>
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
— — — U1RXR<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-13 Unimplemented: Read as 0’
bit 12-8 U1CTSR<4:0>: Assign UART 1 Clear to Send (U1CTpto 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 7-5 Unimplemented: Read as 0’
bit 4-0 U1RXR<4:0>: Assign UART 1 Receive (ULRX) 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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REGISTER 10-21: RPOR11: PERIPHERAL PIN SELECT OUTPUT REGISTER 11

uU-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP23R<4:0>
bit 15 bit 8
uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP22R<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-13 Unimplemented: Read as 0’
bit 12-8 RP23R<4:0>: Peripheral Output Function issAigned to RP23 Output Pin (se@able 10-2for
peripheral function numbers)
bit 7-5 Unimplemented: Read as 0’
bit 4-0 RP22R<4:0>: Peripheral Output Function issigned to RP22 Output Pin (se@ble 10-2for

peripheral function numbers)

REGISTER 10-22: RPOR12: PERIPHERAL PIN SELECT OUTPUT REGISTER 12

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP25R<4:0>
bit 15 bit 8
uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP24R<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-13 Unimplemented: Read as 0’
bit 12-8 RP25R<4:0>: Peripheral Output Function issAigned to RP25 Output Pin (se@able 10-2for
peripheral function numbers)
bit 7-5 Unimplemented: Read as 0’
bit 4-0 RP24R<4:0>: Peripheral Output Function isssigned to RP24 Output Pin (se®&ble 10-2for

peripheral function numbers)
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11.0 TIMER1

Note 1:

This data sheet sumrarizes the feature

of the PIC24HJ32GP202/204 an
PIC24HJ16GP304 family of devices. It i
not intended to be a comprehensive rgf-
erence source. To complement the infdr-
mation in this data sheet, refer
Section 11. Timers  (DS70205) of the
“dsPIC33F/PIC24H Family Reference
Manual”, which is available from t
Microchip websiteWww.microchip.coim

2. Some registers and associated bifis
described in this section may not pe
available on all devices. Refer
Section 4.0 Memory Organization in
this data sheet for deice-specific regist
and bit information.

The Timerl module is a 1&it timer, which can serve
as the time counter for theeal-time clock, or operate
as a free-running intervalimer/counter. Timerl can
operate in three modes:

e 16-bit Timer

* 16-bit Synchronous Counter

* 16-bit Asynchronous Counter

Timerl also supports these features:

Timer gate operation

Selectable prescaler settings

Timer operation during CPU Idle and Sleep
modes

Interrupt on 16-bit Periodegister match or falling
edge of external gate signal

Figure 11-1shows a block diagram of the 16-bit timer
module.

To configure Timerl for operation:

1.
2.

Set the TON bit (=1) in the TLCON register.
Select the timer prescaler ratio using the
TCKPS<1:0> bits in the TLCON register.

Set the Clock and Gating modes using the TCS
and TGATE bits in the TLCON register.

Set or clear the TSYNC bit in TLCON to select
synchronous or asynchronous operation.

Load the timer period value into the PR1
register.

If interrupts are required, set the interrupt enable
bit, T1IE. Use the priority bits, T1IP<2:0>, to set
the interrupt priority.

FIGURE 11-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
____________________ TCKPS<1:0>
. SOSCO/ . 3 > o TON 2
©TICK : -z x
: : Gate Prescaler
' Sync 01 1, 8, 64, 256
. SOSCI
: Tey ® 00
__________________ TGATE
TGfTE TCS
!
1 Q DJ
Set T1IF —
0 Q \CK
ﬁ
Reset
TMR1
v \71\ Sync
Comparator TSYNC
Equal
4
PR1
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12.2 Timer2/3 Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using thidink contains the latest updates
and additional information.

Note: In the event you are not able to accegs
the product page using the link aboe,
enter this URL in your browsq:
http://www.microchip.com/wwwproductg/
Devices.aspx@DocName=en530271

12.2.1 KEY RESOURCES

e Section 11. Timers (DS70205)
e Code Samples

* Application Notes

» Software Libraries

* Webinars

« All related dsPIC33F/PIC24H Family Reference
Manuals Sections

« Development Tools
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131

Input Capture Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using thidink contains the latest updates
and additional information.

Note:

In the event you are not able to accegs
the product page using the link aboe,
enter this URL in your browsq:
http://www.microchip.com/wwwproductg/
Devices.aspx@DocName=en530271

13.1.1

KEY RESOURCES

e Section 12. Input Capture  (DS70198)
e Code Samples

» Application Notes

» Software Libraries

* Webinars

« All related dsPIC33F/PIC24H Family Reference
Manuals Sections

« Development Tools

DS70289J-page 138
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15.3 SPI Control Registers
REGISTER 15-1: SPIXSTAT: SPIx STATUS AND CONTROL REGISTER
R/W-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0
SPIEN —  |spisibL — — — — —
bit 15 bit 8
uU-0 R/C-0 uU-0 U-0 U-0 uU-0 R-0 R-0
— SPIROV — — — — SPITBF SPIRBF
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0O’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 15 SPIEN: SPIx Enable bit
1 = Enables module and configures SCKx, SDOx, SDIx and S8« serial port pins
0 = Disables module
bit 14 Unimplemented: Read as 0’
bit 13 SPISIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Read as 0’
bit 6 SPIROV: Receive Overflow Flag bit
1= A new byte/word is completely received and discarded. The user software has not read the
previous data in the SPIXBUF register
0 = No overflow has occurred.
bit 5-2 Unimplemented: Read as 0’
bit 1 SPITBF: SPIx Transmit Buffer Full Status bit
1 = Transmit not yet started, SPIXTXB is full
0 = Transmit started, SPIXTXB is empty
Automatically set in hardware when CRAkites SPIXBUF location, loading SPIXTXB.
Automatically cleared in hardware when SPIx madeltransfers data from SPIXTXB to SPIXSR.
bit 0 SPIRBF: SPIx Receive Buffer Full Status bit

1 = Receive complete, SPIXRXB is full

0 = Receive is not comfete, SPIXRXB is empty

Automatically set in hardware when SRbansfers data from SPIXSR to SPIXRXB.
Automatically cleared in hardware when core reads SPIXBUF location, reading SPIXRXB.
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REGISTER 15-2: SPIXCONL1: SPIx CONTROL REGISTER 1 (CONTINUED)

bit 4-2 SPRE<2:0>: Secondary Prescale bits (Master mod@)
111 = Secondary prescale 1:1
110 = Secondary prescale 2:1

000 = Secondary prescale 8:1

bit 1-0 PPRE<1:0>: Primary Prescale bits (Master mod@)
11 = Primary prescale 1:1
10 = Primary prescale 4:1
01 = Primary prescale 16:1
00 = Primary prescale 64:1

Note 1. The CKE bit is not used in the Frame8Pl modes. Program this bit t@" for the Framed SPI modes
(FRMEN =1).
2:  This bit must be cleared when FRMEN %
3: Do not set both Primary and Secondary prescalers to a value of 1:1.
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17.1
1.

UART Helpful Tips

In multi-node direct-connect UART networks,
UART receive inputs react to the
complementary logic level defined by the
URXINV bit (UXMODE<4>), which defines the
idle state, the default afhich is logic high, (i.e.,
URXINV = 0). Because remote devices do not
initialize at the same timat is likely that one of
the devices, because the RX line is floating, will
trigger a start bit detection and will cause the
first byte received after the device has been ini-
tialized to be invalid. To avoid this situation, the
user should use a pull-up or pull-down resistor
on the RX pin depending on the value of the
URXINV bit.
a) If URXINV =0, use a pull-up resistor on the
RX pin.
b) If URXINV =1, use a pull-down resistor on
the RX pin.
The first character received on a wake-up from
Sleep mode caused by activity on the UXRX pin
of the UART module will be invalid. In Sleep
mode, peripheral clocks are disabled. By the
time the oscillator system has restarted and
stabilized from Sleep mode, the baud rate bit
sampling clock relative the incoming UxRX bit
timing is no longer synchronized, resulting in the
first character being invalid. This is to be
expected.

17.2

UART Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using thidink contains the latest updates
and additional information.

Note:

In the event you are not able to accegs
the product page using the link aboe,
enter this URL in your browsq:
http://www.microchip.com/wwwproductg/
Devices.aspx@DocName=en530271

17.21

e Section 17. UART

KEY RESOURCES
(DS70188)

e Code Samples

* Application Notes
« Software Libraries
« Webinars

« All related dsPIC33F/PIC24H Family Reference
Manuals Sections

« Development Tools

DS70289J-page 160
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REGISTER 18-6:

AD1CSSL: ADC1 IN PUT SCAN SELECT REGISTER Low (@

U-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — CSSs12 CSSs11 CSS10 ‘ CSs9 CSS8
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
CSSs7 CSS6 CSS5 CSs4 CSS3 CSS2 CSssi1 CSS0
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
bit 12-0

Note 1:

Unimplemented: Read as 0’
CSS<12:0>: ADC Input Scan Selection bits

1 = Select ANx for input scan
0 = Skip ANXx for input scan

On devices without 13 analog inputs, all AD1CSSL hits be selected by theiser application. However,
inputs selected for scan without a corresponding input on device conrats.V

2. CSSx = ANx, where x = 0 through 12.

REGISTER 18-7:

AD1PCFGL: ADC1 PO RT CONFIGURATION REGISTER LOW (1:2:3)

U-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — PCFG12 PCFG11 PCFG10 PCFG9 PCFGS8
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
PCFG7 PCFG6 PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGO
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 12-0 PCFG<12:0>: ADC Port Configuration Control bits
1 = Port pin in Digital mode, port read inpenabled, ADC input multiplexer connected tosAV
0 = Port pin in Analog mode, port read input disabled, ADC samples pin voltage
Note 1: On devices without 13 analog inputs, all PCFG bits &/W by user software. However, the PCFG bits are

ignored on ports without a corresponding input on device.
2. PCFGx = ANx, where x = 0 through 12.

3. The PCFGx bits have no effect if the ADC moduledssabled by setting ADxMD bit in the PMDx register.
In this case, all port pins multiplexed with ANx will be in Digital mode.
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FIGURE 22-13: SPIx SLAVE MODE (FULL-DUPLEX, CKE = 1, CKP = 0, SMP = 0) TIMING
CHARACTERISTICS
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Note: Refer toFigure 22-1for load conditions.
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