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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.
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PIC24FJ256GA705 FAMILY

TABLE 1-3: PIC24FJ256GA705 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin Number/Grid Locator
Pin /o Input D .
Function |28-Pin SOIC, |28-Pin QFN, | 44-Pin 48-Pin Buffer escription
SSOP, SPDIP UQFN TQFP QFN/TQFP

PGC1 5 2 22 24 | ST ICSP™ Programming Clock

PGC2 22 19 9 10 | ST

PGC3 15 12 42 46 | ST

PGD1 4 1 21 23 I1/O | DIG/ST [ICSP Programming Data

PGD2 21 18 8 9 /0 | DIG/ST

PGD3 14 11 41 45 /0 | DIG/ST

PMAO — — 3 3 I/O | DIG/ST/ |Parallel Master Port Address<0>/
TTL |Address Latch Low

PMA1 — — 2 2 I/O | DIG/ST/ |Parallel Master Port Address<1>/
TTL |Address Latch High

PMA2 — — 12 13 /O | DIG/ST/ |Parallel Master Port Address<2>
TTL

PMA3 — — 38 41 1/0 | DIG/ST/ |Parallel Master Port Address<3>
TTL

PMA4 — — 37 40 1/0 | DIG/ST/ |Parallel Master Port Address<4>
TTL

PMAS — — 4 4 1/0 | DIG/ST/ |Parallel Master Port Address<5>
TTL

PMAG6 — — 5 5 /O | DIG/ST/ |Parallel Master Port Address<6>
TTL

PMA7 — — 13 14 I/0 | DIG/ST/ |Parallel Master Port Address<7>
TTL

PMAS8 — — 32 35 I/O | DIG/ST/ |Parallel Master Port Address<8>
TTL

PMA9 — — 35 38 1/0 | DIG/ST/ |Parallel Master Port Address<9>
TTL

PMA14/PMCS/ — — 15 16 /0 | DIG/ST/ |Parallel Master Port Address<14>/

PMCS1 TTL |Slave Chip Select/Chip Select 1 Strobe

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

ANA = Analog level input/output I2C = I>C/SMBus input buffer
DIG = Digital input/output XCVR = Dedicated Transceiver
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PIC24FJ256GA705 FAMILY

2.0 GUIDELINES FOR GETTING

STARTED WITH 16-BIT
MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC24FJ256GA705 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 VDD and Vss pins

(see Section 2.2 “Power Supply Pins”)

All AVDD and AVSS pins, regardless of whether or
not the analog device features are used

(see Section 2.2 “Power Supply Pins”)

MCLR pin

(see Section 2.3 “Master Clear (MCLR) Pin")
VCAP pin

(see Section 2.4 “Voltage Regulator Pin (VcaAP)”)

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

.

PGCx/PGDx pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes
(see Section 2.5 “ICSP Pins”)

OSCI and OSCO pins when an external oscillator
source is used

(see Section 2.6 “External Oscillator Pins”)

Additionally, the following pins may be required:

VREF+/VREF- pins used when external voltage
reference for analog modules is implemented

Note:  The AVDD and AVSS 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
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Key (all values are recommendations):
C1 through C6: 0.1 uF, 50V ceramic
C7: 10 uF, 16V or greater, ceramic

R1: 10 kQ
R2: 100Q to 470Q
Note 1: See Section 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 VDD/VSs and AVDD/AVSS pairs.
Other devices may have more or less pairs;
adjust the number of decoupling capacitors
appropriately.

© 2016 Microchip Technology Inc.

DS30010118B-page 29



PIC24FJ256GA705 FAMILY

7.0 RESETS

Note:  This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive refer-
ence source. For more information, refer
to the “dsPIC33/PIC24 Family Reference
Manual”’, “Reset” (DS39712), which is
available from the Microchip web site
(www.microchip.com). 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.

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 Register 7-1). 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.

RESET SYSTEM BLOCK DIAGRAM

RESET

Instruction

g % Glitch Filter

MCLR

WDT
Module

Sleep or Idle ®

VoD Rise POR

Detect

Brown-out BOR
Reset

Enable Voltage Regulator

SYSRST

Trap Conflict

lllegal Opcode

Configuration Mismatch

Uninitialized W Register
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TABLE 9-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION
Oscillator Mode Oscillator Source POSCMD<1:0> FNOSC<2:0> Notes

Oscillator with Frequency Division Internal/External 11 111 1,2,3
(OSCFDIV)

Low-Power RC Oscillator (LPRC) Internal 11 101 3
Secondary (Timer1) Oscillator Secondary 11 100

(SOSC)

Primary Oscillator (XT) with PLL Primary 01 011

Module (XTPLL)

Primary Oscillator (EC) with PLL Primary 00 011

Module (ECPLL)

Primary Oscillator (HS) Primary 10 010

Primary Oscillator (XT) Primary 01 010

Primary Oscillator (EC) Primary 00 010

Fast RC Oscillator with PLL Module Internal 11 001 3
(FRCPLL)

Fast RC Oscillator (FRC) Internal 11 000 3

Note 1: The input oscillator to the OSCFDIV Clock mode is determined by the RCDIV<2:0> (CLKDIV<10:8) bits.

At POR, the default value selects the FRC module.

2.  This is the default Oscillator mode for an unprogrammed (erased) device.
3:  OSCO pin function is determined by the OSCIOFCN Configuration bit.

9.3 Control Registers

The operation of the oscillator is controlled by five
Special Function Registers:

+ OSCCON

« CLKDIV

« OSCTUN

« OSCDIV

* OSCFDIV

The OSCCON register (Register 9-1) is the main con-
trol 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 Section 9.4 “Clock
Switching Operation” for more information.

The CLKDIV register (Register 9-2) controls the
features associated with Doze mode, as well as the
postscalers for the OSCFDIV Clock mode and the PLL
module.

The OSCTUN register (Register 9-3) allows the user to
fine-tune the FRC Oscillator over a range of
approximately +1.5%.

The OSCDIV and OSCFDIV registers provide control
for the system oscillator frequency divider.

© 2016 Microchip Technology Inc.
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REGISTER 11-31: RPINR29: PERIPHERAL PIN SELECT INPUT REGISTER 29

u-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 u-0
bit 15 bit 8
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — SS3R5 SS3R4 SS3R3 SS3R2 SS3R1 SS3R0
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 15-6 Unimplemented: Read as ‘0’
bit 5-0 SS3R<5:0>: Assign SPI3 Slave Select Input (SS3IN) to Corresponding RPn or RPIn Pin bits

DS30010118B-page 150 © 2016 Microchip Technology Inc.
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15.0 OUTPUT COMPARE WITH
DEDICATED TIMERS

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
the “dsPIC33/PIC24 Family Reference
Manual’”, “Output Compare with
Dedicated Timer” (DS70005159), which
is available from the Microchip web site
(www.microchip.com). The information
in this data sheet supersedes the
information in the FRM.

All devices in the PIC24FJ256GA705 family feature
three independent output compare modules. Each of
these modules offers a wide range of configuration and
operating options for generating pulse trains on internal
device events, and can produce Pulse-Width Modulated
(PWM) waveforms for driving power applications.

Key features of the output compare module include:

» Hardware-Configurable for 32-Bit Operation in
All modes by Cascading Two Adjacent modules

» Synchronous and Trigger modes of Output
Compare Operation with up to 31 User-Selectable
Sync/Trigger Sources Available

» Two Separate Period registers (a main register,
OCxR, and a secondary register, OCxRS) for
Greater Flexibility in Generating Pulses of
Varying Widths

+ Configurable for Single Pulse or Continuous
Pulse Generation on an Output Event, or
Continuous PWM Waveform Generation

* Up to 6 Clock Sources Available for Each module,
Driving a Separate Internal 16-Bit Counter

15.1 General Operating Modes

15.1.1 SYNCHRONOUS AND TRIGGER
MODES

When the output compare module operates in a Free-
Running mode, the internal 16-bit counter, OCxTMR,
runs counts up continuously, wrapping around from
OxFFFF to 0x0000 on each overflow. lts period is
synchronized to the selected external clock source.
Compare or PWM events are generated each time a
match between the internal counter and one of the
Period registers occurs.

In Synchronous mode, the module begins performing
its compare or PWM operation as soon as its selected
clock source is enabled. Whenever an event occurs on
the selected Sync source, the module’s internal
counter is reset. In Trigger mode, the module waits for
a Sync event from another internal module to occur
before allowing the counter to run.

Free-Running mode is selected by default or any time
that the SYNCSEL<4:0> bits (OCxCON2<4:0>) are set
to ‘00000’. Synchronous or Trigger modes are selected
any time the SYNCSELXx bits are set to any value except
‘00000’. The OCTRIG bit (OCxCON2<7>) selects either
Synchronous or Trigger mode; setting the bit selects
Trigger mode operation. In both modes, the SYNCSELx
bits determine the Sync/Trigger source.

15.1.2 CASCADED (32-BIT) MODE

By default, each module operates independently with
its own set of 16-Bit Timer and Duty Cycle registers. To
increase resolution, adjacent even and odd modules
can be configured to function as a single 32-bit module.
(For example, Modules 1 and 2 are paired, as are
Modules 3 and 4, and so on.) The odd numbered
module (OCx) provides the Least Significant 16 bits of
the 32-bit register pairs and the even numbered
module (OCy) provides the Most Significant 16 bits.
Wrap-arounds of the OCx registers cause an increment
of their corresponding OCy registers.

Cascaded operation is configured in hardware by set-
ting the OC32 bit (OCxCON2<8>) for both modules.
For more details on cascading, refer to the “dsPIC33/
PIC24 Family Reference Manual’, “Output Compare
with Dedicated Timer” (DS70005159).

© 2016 Microchip Technology Inc.
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16.1 Time Base Generator

The Timer Clock Generator (TCG) generates a clock
for the module’s internal time base using one of the
clock signals already available on the microcontroller.
This is used as the time reference for the module in its
three major modes. The internal time base is shown in
Figure 16-2.

There are eight inputs available to the clock generator,
which are selected using the CLKSEL<2:0> bits
(CCPxCON1L<10:8>). Available sources include the
FRC and LPRC, the Secondary Oscillator and the TCLKI
external clock inputs. The system clock is the default
source (CLKSEL<2:0> = 000). On PIC24FJ256GA705
family devices, clock sources to the MCCPx module
must be synchronized with the system clock. As a result,
when clock sources are selected, clock input timing
restrictions or module operating restrictions may exist.

FIGURE 16-2: TIMER CLOCK GENERATOR
TMRPS<1:0> TMRSYNC SSDG
—
—»
—»
Clock o Clock 1 To Rest
Sources Prescaler o Synchronizer GateV of Module
—»
—»

CLKSEL<2:0>

Note 1: Gating available in Timer modes only.

DS30010118B-page 184
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REGISTER 16-2: CCPxCON1H: CCPx CONTROL 1 HIGH REGISTERS

R/W-0 R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
OPSSRC) | RTRGEN®@ — — opPs3® oprs20) orPs10 oPso®
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
TRIGEN ONESHOT | ALTSYNC SYNC4 SYNC3 SYNC2 SYNCA1 SYNCO
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 OPSSRC: Output Postscaler Source Select bit)

1 = Output postscaler scales module trigger output events

0 = Output postscaler scales time base interrupt events
bit 14 RTRGEN: Retrigger Enable bit(®

1 = Time base can be retriggered when the TRIGEN bit = 1

0 = Time base may not be retriggered when the TRIGEN bit =1
bit 13-12 Unimplemented: Read as ‘0’
bit 11-8 OPS3<3:0>: CCPx Interrupt Output Postscale Select bits(®)

1111 = Interrupt every 16th time base period match
1110 = Interrupt every 15th time base period match

0100 = Interrupt every 5th time base period match
0011 = Interrupt every 4th time base period match or 4th input capture event
0010 = Interrupt every 3rd time base period match or 3rd input capture event
0001 = Interrupt every 2nd time base period match or 2nd input capture event
0000 = Interrupt after each time base period match or input capture event
bit 7 TRIGEN: CCPx Trigger Enable bit
1 = Trigger operation of time base is enabled
0 = Trigger operation of time base is disabled
bit 6 ONESHOT: One-Shot Mode Enable bit
1 = One-Shot Trigger mode is enabled; Trigger mode duration is set by OSCNT<2:0>
0 = One-Shot Trigger mode is disabled
bit 5 ALTSYNC: CCPx Clock Select bit
1 = An alternate signal is used as the module synchronization output signal
0 = The module synchronization output signal is the Time Base Reset/rollover event
bit 4-0 SYNC<4:0>: CCPx Synchronization Source Select bits
See Table 16-5 for the definition of inputs.

Note 1. This control bit has no function in Input Capture modes.
2. This control bit has no function when TRIGEN = 0.

3. Output postscale settings, from 1:5 to 1:16 (0100-1111), will result in a FIFO buffer overflow for
Input Capture modes.

DS30010118B-page 192 © 2016 Microchip Technology Inc.
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17.1 Master Mode Operation

Perform the following steps to set up the SPIx module
for Master mode operation:

1. Disable the SPIx interrupts in the respective
IECx register.

2. Stop and reset the SPIx module by clearing the
SPIEN bit.

3. Clear the receive buffer.

4. Clear the ENHBUF bit (SPIXCON1L<0>) if using
Standard Buffer mode or set the bit if using
Enhanced Buffer mode.

5. If SPIx interrupts are not going to be used, skip
this step. Otherwise, the following additional
steps are performed:

a) Clear the SPIx interrupt flags/events in the
respective IFSx register.

b) Write the SPIx interrupt priority and
sub-priority bits in the respective IPCx
register.

c) Set the SPIx interrupt enable bits in the
respective IECx register.

6. Write the Baud Rate register, SPIXBRGL.

Clear the SPIRQV bit (SPIXSTATL<6>).

8. Write the desired settings to the SPIXCON1L
register with MSTEN (SPIXCON1L<5>) = 1.

9. Enable SPI operation by setting the SPIEN bit
(SPIXCON1L<15>).

10. Write the data to be transmitted to the
SPIXBUFL and SPIXxBUFH registers. Transmis-
sion (and reception) will start as soon as data is
written to the SPIXBUFL/H registers.

N

17.2 Slave Mode Operation

The following steps are used to set up the SPIx module
for the Slave mode of operation:

1. If using interrupts, disable the SPIx interrupts in
the respective IECx register.

2. Stop and reset the SPIx module by clearing the
SPIEN bit.

3. Clear the receive buffer.

4. Clear the ENHBUF bit (SPIXCON1L<0>) if using
Standard Buffer mode or set the bit if using
Enhanced Buffer mode.

5. If using interrupts, the following additional steps
are performed:

a) Clear the SPIx interrupt flags/events in the
respective IFSx register.

b) Write the SPIx interrupt priority and
sub-priority bits in the respective IPCx
register.

c) Set the SPIx interrupt enable bits in the
respective IECx register.

Clear the SPIRQV bit (SPIXSTATL<6>).

Write the desired settings to the SPIXCON1L
register with MSTEN (SPIXCON1L<5>) = 0.
Enable SPI operation by setting the SPIEN bit
(SPIXCON1L<15>).

Transmission (and reception) will start as soon
as the master provides the serial clock.

The following additional features are provided in
Slave mode:

» Slave Select Synchronization:

The SSx pin allows a Synchronous Slave mode. If
the SSEN bit (SPIXCON1L<7>) is set, transmis-
sion and reception are enabled in Slave mode
only if the SSx pin is driven to a low state. The
port output or other peripheral outputs must not
be driven in order to allow the SSx pin to function
as an input. If the SSEN bit is set and the SSx pin
is driven high, the SDOXx pin is no longer driven
and will tri-state, even if the module is in the
middle of a transmission. An aborted transmission
will be tried again the next time the SSx pin is
driven low using the data held in the SPIXTXB
register. If the SSEN bit is not set, the SSx pin
does not affect the module operation in Slave
mode.

SPITBE Status Flag Operation:

The SPITBE bit (SPIXSTATL<3>) has a different

function in the Slave mode of operation. The

following describes the function of SPITBE for
various settings of the Slave mode of operation:

- If SSEN (SPIXCON1L<7>) is cleared, the
SPITBE bit is cleared when SPIXBUF is
loaded by the user code. It is set when the
module transfers SPIXTXB to SPIXTXSR.
This is similar to the SPITBE bit function in
Master mode.

- If SSEN is set, SPITBE is cleared when
SPIXBUF is loaded by the user code. How-
ever, it is set only when the SPIx module
completes data transmission. A transmission
will be aborted when the SSx pin goes high
and may be retried at a later time. So, each
data word is held in SPIXTXB until all bits are
transmitted to the receiver.

DS30010118B-page 202
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18.2 Setting Baud Rate When

Operating as a Bus Master

To compute the Baud Rate Generator reload value, use
Equation 18-1.

EQUATION 18-1: COMPUTING BAUD RATE

18.3 Slave Address Masking

The 12CxMSK register (Register 18-4) designates
address bit positions as “don’t care” for both 7-Bit and
10-Bit Addressing modes. Setting a particular bit
location (= 1) in the I2CxMSK register causes the slave
module to respond, whether the corresponding address

RELOAD VALUE®:23) bit value is a ‘0’ or a ‘1’. For example, when I2CxMSK is
set to ‘0010000000’, the slave module will detect both
FscL= — Fev addresses, ‘0000000000’ and ‘0010000000,
(I2CxBRG + 2) * 2 . . .
or: To enable address masking, the Intelligent Peripheral
Foy Management Interface (IPMI) must be disabled by
12CxBRG = [ (FscL * ) —2] clearing the STRICT bit (I2CxCONL<11>).
. : 2
Note 1: Based on FCy = FOSC/2: Doze mode Note:  As a result of changes in the I“C protocol,
and PLL are disabled. the addresses in Table 18-2 are reserved
2 Th lock rat | ‘ and will not be Acknowledged in Slave
’ ese clock rate values are for mode. This includes any address mask
guidance only. The actual clock rate ! .
. settings that include any of these
can be affected by various system- dd
level parameters. The actual clock rate adaresses.
should be measured in its intended
application.
3: BRG values of 0 and 1 are forbidden.
TABLE 18-1:  12Cx CLOCK RATES(:?)
I2CxBRG Value
Required System FscL Fcy Actual FscL
(Decimal) (Hexadecimal)
100 kHz 16 MHz 78 4E 100 kHz
100 kHz 8 MHz 38 26 100 kHz
100 kHz 4 MHz 18 12 100 kHz
400 kHz 16 MHz 18 12 400 kHz
400 kHz 8 MHz 8 8 400 kHz
400 kHz 4 MHz 3 3 400 kHz
1 MHz 16 MHz 6 6 1.000 MHz
1 MHz 8 MHz 2 2 1.000 MHz
Note 1: Based on Fcy = Fosc/2; Doze mode and PLL are disabled.

2:  These clock rate values are for guidance only. The actual clock rate can be affected by various
system-level parameters. The actual clock rate should be measured in its intended application.

TABLE 18-2:  12Cx RESERVED ADDRESSES)
Slave Address | R/W Bit Description

0000 000 0 General Call Address®
0000 000 1 Start Byte
0000 001 X Cbus Address
0000 01x X Reserved
0000 1xx X HS Mode Master Code
1111 Oxx X 10-Bit Slave Upper Byte(3)
1111 1xx X Reserved

Note 1. The address bits listed here will never cause an address match independent of address mask settings.

2:  This address will be Acknowledged only if GCEN = 1.
3: A match on this address can only occur on the upper byte in 10-Bit Addressing mode.

© 2016 Microchip Technology Inc.
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REGISTER 18-1: [2CxCONL: I2Cx CONTROL REGISTER LOW

R/W-0 uU-0 HC, R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
I2CEN — 12CSIDL SCLREL(® STRICT A10M DISSLW SMEN

bit 15 bit 8
R/W-0 R/W-0 R/W-0 HC,R/IW-0 HC,R/W-0 HC,R/W-0 HC,R/W-0 HC, R/W-0
GCEN STREN ACKDT ACKEN RCEN PEN RSEN SEN

bit 7 bit 0

Legend: HC = Hardware Clearable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

bit 15 I2CEN: 12Cx Enable bit (writable from software only)

1 = Enables the 12Cx module and configures the SDAx and SCLx pins as serial port pins
0 = Disables the 12Cx module; all 12C pins are controlled by port functions
bit 14 Unimplemented: Read as ‘0’
bit 13 I2CSIDL: 12Cx Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12 SCLREL: SCLx Release Control bit (I2C Slave mode only)®)
Module resets and (I2CEN = 0) sets SCLREL = 1.
If STREN = 0:(
1 = Releases clock
0 = Forces clock low (clock stretch)
If STREN = 1:
1 = Releases clock
0 = Holds clock low (clock stretch); user may program this bit to ‘0’, clock stretch at next SCLx low
bit 11 STRICT: 12Cx Strict Reserved Address Rule Enable bit
1 = Strict reserved addressing is enforced (for reserved addresses, refer to Table 18-2)
In Slave Mode: The device doesn’t respond to reserved address space and addresses falling in
that category are NACKed.
In Master Mode: The device is allowed to generate addresses with reserved address space.
0 = Reserved addressing would be Acknowledged
In Slave Mode: The device will respond to an address falling in the reserved address space. When
there is a match with any of the reserved addresses, the device will generate an ACK.
In Master Mode: Reserved.
bit 10 A10M: 10-Bit Slave Address Flag bit
1 = 12CxADD is a 10-bit slave address
0 = 12CxADD is a 7-bit slave address
bit 9 DISSLW: Slew Rate Control Disable bit
1 = Slew rate control is disabled for Standard Speed mode (100 kHz, also disabled for 1 MHz mode)
0 = Slew rate control is enabled for High-Speed mode (400 kHz)

Note 1: Automatically cleared to ‘0’ at the beginning of slave transmission; automatically cleared to ‘0’ at the end
of slave reception. The user software must provide a delay between writing to the transmit buffer and set-
ting the SCLREL bit. This delay must be greater than the minimum setup time for slave transmissions, as
specified in Section 32.0 “Electrical Characteristics”.

2: Automatically cleared to ‘0’ at the beginning of slave transmission.
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19.1 UARTx Baud Rate Generator (BRG)

The UARTx module includes a dedicated, 16-bit Baud
Rate Generator. The UxBRG register controls the
period of a free-running, 16-bit timer. Equation 19-1
shows the formula for computation of the baud rate
when BRGH = 0.

EQUATION 19-1: UARTx BAUD RATE WITH

BRGH = 012
Fcy
Baud Rate = e (UxBRG + 1)
-k
UXBRG = — s BadRate  *

Note 1: FcY denotes the instruction cycle
clock frequency (Fosc/2).
2: Based on Fcy = Fosc/2; Doze mode
and PLL are disabled.

Example 19-1 shows the calculation of the baud rate
error for the following conditions:

* Fcy =4 MHz

» Desired Baud Rate = 9600

The maximum baud rate (BRGH = 0) possible is

Fcy/16 (for UXBRG = 0) and the minimum baud rate
possible is FCY/(16 * 65536).

Equation 19-2 shows the formula for computation of
the baud rate when BRGH = 1.

EQUATION 19-2: UARTx BAUD RATE WITH

BRGH = 112
_ Fcy
Baud Rate = & - UxBRG + 1)
B Fev
UBRG = = BadRae  *

Note 1: Fcy denotes the instruction cycle
clock frequency.
2: Based on Fcy = Fosc/2; Doze mode
and PLL are disabled.

The maximum baud rate (BRGH = 1) possible is FcY/4
(for UXBRG = 0) and the minimum baud rate possible
is Fcy/(4 * 65536).

Writing a new value to the UxBRG register causes the
BRG timer to be reset (cleared). This ensures the BRG
does not wait for a timer overflow before generating the
new baud rate.

EXAMPLE 19-1:  BAUD RATE ERROR CALCULATION (BRGH = 0)()

Desired Baud Rate = Fcy/(16 (UXxBRG + 1))

Error
Desired Baud Rate
(9615 — 9600)/9600
0.16%

Solving for UXBRG Value:
UxBRG = ((Fcy/Desired Baud Rate)/16) — 1
UxBRG = ((4000000/9600)/16) — 1
UXBRG =25
Calculated Baud Rate = 4000000/(16 (25 + 1))
= 9615

(Cdlculated Baud Rate — Desired Baud Rate)

Note 1: Based on Fcy = Fosc/2; Doze mode and PLL are disabled.

© 2016 Microchip Technology Inc.
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22.0 32-BIT PROGRAMMABLE
CYCLIC REDUNDANCY CHECK
(CRC) GENERATOR

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
the “dsPIC33/PIC24 Family Reference
Manual”’, “32-Bit Programmable
Cyclic Redundancy Check (CRC)”
(DS30009729), which is available from the
Microchip web site (www.microchip.com).
The information in this data sheet
supersedes the information in the FRM.

The 32-bit programmable CRC generator provides a
hardware implemented method of quickly generating
checksums for various networking and security
applications. It offers the following features:

» User-Programmable CRC Polynomial Equation,
up to 32 Bits
» Programmable Shift Direction (little or big-endian)
* Independent Data and Polynomial Lengths
» Configurable Interrupt Output
» Data FIFO
Figure 22-1 displays a simplified block diagram of the

CRC generator. A simple version of the CRC shift
engine is displayed in Figure 22-2.

Shift Buffer .
uffer ::) Bit 0

FIGURE 22-1: CRC BLOCK DIAGRAM
CRCDATH CRCDATL
Variable FIFO FIFO Empty
(4x32, 8x16 or 16x8) Event CRCISEL
CRCWDATH CRCWDATL CRC
LENDIAN Interrupt
A 4 v
Shift Buffer
’7 y CRC Shift Engine Shift
Complete
4 Event
Shifter Clock
2 *Fcy
FIGURE 22-2: CRC SHIFT ENGINE DETAIL
CRC Shift Engine CRCWDATH CRCWDATL
A
Read/Write Bus
X0 X1 Xn®
A 4 A 4 A 4

Bit 1 Bitn® _‘

Note 1: n=PLEN<4:1>+1.

© 2016 Microchip Technology Inc.
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23.1 Control Registers

The CLCx module is controlled by the following registers:

+ CLCxCONL
+ CLCxCONH
» CLCxSEL

+ CLCxGLSL
+ CLCxGLSH

The CLCx Control registers (CLCxCONL and
CLCxCONH) are used to enable the module and inter-

The CLCx Input MUX Select register (CLCxSEL)
allows the user to select up to 4 data input sources
using the 4 data input selection multiplexers. Each
multiplexer has a list of 8 data sources available.

The CLCx Gate Logic Input Select registers (CLCxGLSL
and CLCxGLSH) allow the user to select which outputs
from each of the selection MUXes are used as inputs to
the input gates of the logic cell. Each data source MUX
outputs both a true and a negated version of its output.
All of these 8 signals are enabled, ORed together by the
logic cell input gates.

rupts, control the output enable bit, select output polarity
and select the logic function. The CLCx Control registers
also allow the user to control the logic polarity of not only
the cell output, but also some intermediate variables.

REGISTER 23-1: CLCXxCONL: CLCx CONTROL REGISTER (LOW)

R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 U-0 U-0
LCEN — — — NP | NN | — —

bit 15 bit 8
R/W-0 R-0 R/W-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
LCOE LCOUT LCPOL — — MODE2 MODE1 MODEOQ

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 LCEN: CLCx Enable bit

1 = CLCx is enabled and mixing input signals

0 = CLCx is disabled and has logic zero outputs
bit 14-12 Unimplemented: Read as ‘0’
bit 11 INTP: CLCx Positive Edge Interrupt Enable bit

1 = Interrupt will be generated when a rising edge occurs on LCOUT
0 = Interrupt will not be generated

bit 10 INTN: CLCx Negative Edge Interrupt Enable bit
1 = Interrupt will be generated when a falling edge occurs on LCOUT
0 = Interrupt will not be generated

bit 9-8 Unimplemented: Read as ‘0’

bit 7 LCOE: CLCx Port Enable bit
1 = CLCx port pin output is enabled
0 = CLCx port pin output is disabled

bit 6 LCOUT: CLCx Data Output Status bit
1 = CLCx output high
0 = CLCx output low

bit 5 LCPOL: CLCx Output Polarity Control bit

1 = The output of the module is inverted
0 = The output of the module is not inverted

bit 4-3 Unimplemented: Read as ‘0’
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FIGURE 24-3:

12-BIT A/D CONVERTER ANALOG INPUT MODEL

AVDD

Sampling
Switch
VT=0.6V ,_oweh Y
RIC < 250Q 'SS Rss S/H
* AN oy o—\W\ * =~
VT = 0.6V e l croLo
T=0. = i
1500 NA T= %leznput Capacitance
J_ AVss
Legend: CPIN = Input Capacitance Samolin -
VT = Threshold Voltage Swité)h g RMAX -~
ILEAKAGE = Leakage Current at the pin due to (Rss < 3 kQ) -\
Various Junctions B +
Ric = Interconnect Resistance 1 N
Rss = Sampling Switch Resistance 1 ~
CHoLD = Sample/Hold Capacitance RMIN 7 — — — = —
| | | |
T 1
AVDD (V)
AVDDMIN AVDDMAX

Note: The CPIN value depends on the device package and is not tested. The effect of CPIN is negligible if Rs < 2.5 kQ.

EQUATION 24-1:

A/D CONVERSION CLOCK PERIOD

TAD = Tcy (ADCS+ 1)

TAD

ADCS= Toy

-1

Note: Based on Tcy = 2/Fosc; Doze mode and PLL are disabled.

© 2016 Microchip Technology Inc.
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NOTES:
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29.3  On-Chip Voltage Regulator

All PIC24FJ256GA705 family devices power their core
digital logic at a nominal 1.8V. This may create an issue
for designs that are required to operate at a higher
typical voltage, such as 3.3V. To simplify system
design, all devices in the PIC24FJ256GA705 family
incorporate an on-chip regulator that allows the device
to run its core logic from VDD.

This regulator is always enabled. It provides a constant
voltage (1.8V nominal) to the digital core logic, from a
VDD of about 2.1V, all the way up to the device’s
VDDMAX. It does not have the capability to boost VDD
levels. In order to prevent “brown-out” conditions when
the voltage drops too low for the regulator, the Brown-
out Reset occurs. Then, the regulator output follows
VDD with a typical voltage drop of 300 mV.

A low-ESR capacitor (such as ceramic) must be
connected to the VCAP pin (Figure 29-1). This helps to
maintain the stability of the regulator. The recommended
value for the filter capacitor (CEFC) is provided in
Section 32.1 “DC Characteristics”.

FIGURE 29-1: CONNECTIONS FOR THE
ON-CHIP REGULATOR

3.3vi

PIC24FJXXXGA70X

VDD

[ VCAP

CEFC T~
) Vss

(10 pF typ

Note 1: Thisis a typical operating voltage. Refer to
Section 32.0“Electrical Characteristics”
for the full operating ranges of VDD.

29.3.1 ON-CHIP REGULATOR AND POR

The voltage regulator takes approximately 10 pus for it
to generate output. During this time, designated as
TVREG, code execution is disabled. TVREG is applied
every time the device resumes operation after any
power-down, including Sleep mode. TVREG is deter-
mined by the status of the VREGS bit (RCON<8>) and
the WDTWIN<1:0> Configuration bits (FWDT<9:8>).
Refer to Section 32.0 “Electrical Characteristics” for
more information on TVREG.

Note: For more information, see Section 32.0
“Electrical Characteristics”. The informa-
tion in this data sheet supersedes the
information in the FRM.

29.3.2 VOLTAGE REGULATOR STANDBY
MODE

The on-chip regulator always consumes a small incre-
mental amount of current over IDD/IPD, including when
the device is in Sleep mode, even though the core
digital logic does not require power. To provide addi-
tional savings in applications where power resources
are critical, the regulator can be made to enter Standby
mode, on its own, whenever the device goes into Sleep
mode. This feature is controlled by the VREGS bit
(RCON<8>). Clearing the VREGS bit enables the
Standby mode. When waking up from Standby mode,
the regulator needs to wait for TVREG to expire before
wake-up.

20.3.3 LOW-VOLTAGE RETENTION
REGULATOR

When in Sleep mode, PIC24FJ256GA705 family
devices may use a separate low-power, low-voltage
retention regulator to power critical circuits. This regu-
lator, which operates at 1.2V nominal, maintains power
to data RAM and the RTCC while all other core digital
logic is powered down. The low-voltage retention regu-
lator is described in more detail in Section 10.2.4
“Low-Voltage Retention Regulator”.

© 2016 Microchip Technology Inc.

DS30010118B-page 341



PIC24FJ256GA705 FAMILY

30.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers (MCU) and dsPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:
* Integrated Development Environment

- MPLAB® X IDE Software
« Compilers/Assemblers/Linkers

- MPLAB XC Compiler

- MPASM™ Assembler

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB X SIM Software Simulator
* Emulators
- MPLAB REAL ICE™ In-Circuit Emulator
* In-Circuit Debuggers/Programmers
- MPLABICD 3
- PICkit™ 3
* Device Programmers
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits and Starter Kits

 Third-party development tools

30.1 MPLAB X Integrated Development
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for Microchip and third-party software, and
hardware development tool that runs on Windows®,
Linux and Mac OS® X. Based on the NetBeans IDE,
MPLAB X IDE is an entirely new IDE with a host of free
software components and plug-ins for high-
performance application development and debugging.
Moving between tools and upgrading from software
simulators to hardware debugging and programming
tools is simple with the seamless user interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that includes code completion and context menus,
MPLAB X IDE is flexible and friendly enough for new
users. With the ability to support multiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of experienced
users.

Feature-Rich Editor:

+ Color syntax highlighting

* Smart code completion makes suggestions and
provides hints as you type

» Automatic code formatting based on user-defined
rules

« Live parsing
User-Friendly, Customizable Interface:

» Fully customizable interface: toolbars, toolbar
buttons, windows, window placement, etc.

 Call graph window

Project-Based Workspaces:

* Multiple projects

« Multiple tools

» Multiple configurations

« Simultaneous debugging sessions

File History and Bug Tracking:

* Local file history feature
+ Built-in support for Bugzilla issue tracker

© 2016 Microchip Technology Inc.
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TABLE 32-11: INTERNAL VOLTAGE REGULATOR SPECIFICATIONS
Operating Conditions: -40°C < TA < +85°C (unless otherwise stated)
PaNr(;a\m Symbol Characteristics Min Typ |Max | Units Comments
DVR TVREG Voltage Regulator Start-up Time | — 10 — pus | VREGS = 0 with any POR or
BOR
DVR10 |VBG Internal Band Gap Reference 1.14 1.2 |1.26]| V
DVR11 |TBG Band Gap Reference — 1 — | ms
Start-up Time
DVR20 |VRGoOUT |Regulator Output Voltage 1.6 1.8 |20 V | VDD >1.9V
DVR21 |CEFC External Filter Capacitor Value 10 — — uF | Series resistance < 3Q
recommended; < 5Q required
DVR30 |VLVR Low-Voltage Regulator — 1.2 — V |RETEN=1,LPCFG=0
Output Voltage

TABLE 32-12: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

Operating Conditions: -40°C < TA < +85°C (unless otherwise stated)

PaNr:m Symbol Characteristic Min Typ Max | Units Conditions
DC18 |VHLVD |HLVD Voltage on Vbp |HLVDL<3:0>=01000| 345 | — | 373 | V
Transition HLVDL<3:0>=0101 | 325 | — | 358 | V
HLVDL<3:0>=0110 | 295 | — | 3.25 %
HLVDL<3:0>=0111 | 275 | — | 3.04 Y%
HLVDL<3:0>=1000 | 265 | — | 292 | V
HLVDL<3:0>=1001 | 245 | — | 2.70 v
HLVDL<3:0>=1010 | 235 | — | 2.60 Y%
HLVDL<3:0>=1011 | 225 | — | 249 | V
HLVDL<3:0>=1100 | 215 | — | 2.39 %
HLVDL<3:0>=1101 | 208 | — | 2.28 Y%
HLVDL<3:0>=1110 | 200 | — | 215 | V
DC101 [VTHL  |HLVD Voltage on HLVDL<3:0> = 1111 — | 120 | — Y%
HLVDIN Pin Transition
DC105 | ToNLVD |HLVD Module Enable Time — 5 — uS |From POR or
HLVDEN = 1

Note 1:

Trip points for values of HLVD<3:0>, from ‘0000’ to ‘0011’, are not implemented.
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28-Lead Ultra Thin Plastic Quad Flat, No Lead Package (M6) - 4x4x0.6 mm Body [UQFN]

With Corner Anchors

Note:

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