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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"

Active
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16-Bit
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12C, IrDA, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, LVD, POR, PWM, WDT
19

64KB (22K x 24)

FLASH

8K x 8

2V ~ 3.6V

A/D 9x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

28-SSOP (0.209", 5.30mm Width)
28-SSOP
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MICROCHIP

PIC24FJ64GB004 FAMILY

28/44-Pin, 16-Bit, Flash Microcontrollers with
USB On-The-Go (OTG) and nanoWatt XLLP Technology

Universal Serial Bus Features:

* USB v2.0 On-The-Go (OTG) Compliant

* Dual Role Capable — can act as either Host or Peripheral

* Low-Speed (1.5 Mb/s) and Full-Speed (12 Mb/s) USB
Operation in Host mode

* Full-Speed USB Operation in Device mode

» High-Precision PLL for USB

» 0.25% Accuracy using Internal Oscillator — No External
Crystal Required

« Internal Voltage Boost Assist for USB Bus Voltage
Generation

« Interface for Off-Chip Charge Pump for USB Bus
Voltage Generation

» Supports up to 32 Endpoints (16 bidirectional):
- USB module can use any RAM location on the

device as USB endpoint buffers

* On-Chip USB Transceiver

« Interface for Off-Chip USB Transceiver

» Supports Control, Interrupt, Isochronous and Bulk Transfers

¢ On-Chip Pull-up and Pull-Down Resistors

High-Performance CPU:

» Modified Harvard Architecture

* Upto 16 MIPS Operation @ 32 MHz

* 8 MHz Internal Oscillator with 0.25% Typical Accuracy:
- 96 MHz PLL
- Multiple divide options

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

« 32-Bit by 16-Bit Hardware Divider

» 16 x 16-Bit Working Register Array

« C Compiler Optimized Instruction Set Architecture:
- 76 base instructions
- Flexible addressing modes

» Linear Program Memory Addressing up to 12 Mbytes

» Linear Data Memory Addressing up to 64 Kbytes

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

Power Management Modes:

» Selectable Power Management modes with nanoWatt

XLP Technology for Extremely Low Power:

- Deep Sleep mode allows near total power-down
(20 nA typical and 500 nA with RTCC or WDT),
along with the ability to wake-up on external triggers
or self-wake on programmable WDT or RTCC alarm

- Extreme low-power DSBOR for Deep Sleep,
LPBOR for all other modes

- Sleep mode shuts down peripherals and core for
substantial power reduction, fast wake-up

- Ildle mode shuts down the CPU and peripherals for
significant power reduction, down to 4.5 pA typical

- Doze mode enables CPU clock to run slower than
peripherals

- Alternate Clock modes allow on-the-fly switching to
a lower clock speed for selective power reduction
during Run mode down to 15 pA typical

Special Microcontroller Features:

» Operating Voltage Range of 2.0V to 3.6V

» Self-Reprogrammable under Software Control

« 5.5V Tolerant Input (digital pins only)

» High-Current Sink/Source (18 mA/18 mA) on All /O Pins

* Flash Program Memory:
- 10,000 erase/write cycle endurance (minimum)
- 20-year data retention minimum
- Selectable write protection boundary

» Fail-Safe Clock Monitor Operation:
- Detects clock failure and switches to on-chip

FRC oscillator

» On-Chip 2.5V Regulator

* Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

» Two Flexible Watchdog Timers (WDT) for Reliable
Operation:
- Standard programmable WDT for normal operation
- Extreme low-power WDT with programmable

period of 2 ms to 26 days for Deep Sleep mode

 In-Circuit Serial Programming™ (ICSP™) and
In-Circuit Debug (ICD) via 2 Pins

« JTAG Boundary Scan Support

> Remappable Peripherals
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Pin Diagrams

44-PIN TQFP,
44-Pin QFN('3)

SDA1/RP9/PMD3/RCV/CN21/RB9
RP22/PMA1/CN18/RC6
RP23/PMAO/CN17/RC7
RP24/PMA5/CN20/RC8
RP25/PMA6/CN19/RC9

DISVREG

VCAP/VDDCORE

PGED2/D+/VPIO/RP10/CN16/RB10
PGEC2/D-/VMIO/RP11/CN15/RB11

VusB
AN11/C1INC/RP13/REFO/PMRD/SESSEND/CN13/RB13

Legend:
Note 1:
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USBOEN/SCL1/RP8/PMD4/CN22/RB8

RP7/PMD5/INTO/CN23/RB7

VBUS

CN27/USBID/RB5

VDD
Vss

RP21/PMA3/CN26/RC5

RP20/PMA4/CN25/RC4

AN12/RP19/PMBE/CN28/RC3

TDI/PMA9/RA9

SOSCO/SCLKI/T1CK/C2INC/CNO/RA4
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AN10/C3INB/CVREF/VcPCON/VBUSON/RP14/CN12/RB14 [T 14
AN9/C3INA/VBUSCHG/RP15/VBUSST/CN11/RB15 L1 15

PGED3/ANO/C3INC/VREF+/ASDA1®?)/RP5/PMD7/CTED1/VBUSVLD/VCMPsT1/CN2/RAQ I 19

PGEC3/AN1/C3IND/VREF-/ASCL1?)/RP6/PMD6/CTED2/SESSVLD/VeMPST2/CN3/RA1 CI1] 20

PGED1/AN2/C2INB/DPH/RP0/PMDO/CN4/RB0 1] 21
PGEC1/AN3/C2INA/DMH/RP1/PMD1/CN5/RB1 L] 22

RPn represents remappable peripheral pins.
Gray shading indicates 5.5V tolerant input pins.
Alternative multiplexing for SDA1 and SCL1 when the 12C1SEL bit is set.
The back pad on QFN devices should be connected to Vss.

[TT 1 SOSCI/C2IND/RP4/CN1/RB4

[T TDO/PMA8/RA8

[T OSCO/CLKO/CN29/RA3

I OSCI/CLKI/C1IND/PMCS1/CN30/RA2

[T Vss

[T Vbb

[T AN8/RP18/PMA2/CN10/RC2

T AN7/RP17/CN9/RC1

[T AN6/RP16/CN8/RCO

1T AN5/C1INA/DMLN/RTCC/SCL2/RP3/PMWR/CN7/RB3
T AN4/C1INB/DPLN/SDA2/RP2/PMD2/CN6/RB2
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TABLE 3-1: CPU CORE REGISTERS

Register(s) Name Description
WO through W15 Working Register Array
PC 23-Bit Program Counter
SR ALU STATUS Register
SPLIM Stack Pointer Limit Value Register
TBLPAG Table Memory Page Address Register
PSVPAG Program Space Visibility Page Address Register
RCOUNT Repeat Loop Counter Register
CORCON CPU Control Register
FIGURE 3-2: PROGRAMMER’S MODEL
15
Divider Working Registers WO (WREG)
WA1
Multiplier Regist we
ultiplier Registers W3
w4
W5
W6
w7 >Working/Address
w8 Registers
W9
W10
W11
W12
W13
W14 Frame Pointer
W15 Stack Pointer o] J
Stack Pointer Limit
SPLIM | 0| Value Register
22
PC | O| Program Counter
7 0
Table Memory Page
| TBLPAG | Address Register
! 0 P S Visibilit
rogram Space Visibility
| PSVPAG | Page Address Register
15 0 R t L Count
epeat Loop Counter
| RCOUNT | Register
15 SRH SRL 0
|—|—\—\—\—|—\—@2ﬁ'l-o\m ALU STATUS Register (SR)
15
e CPU Control Register (CORCON)
Registers or bits shaded for PUSH. S and POP. S instructions.
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REGISTER 7-22:

IPC5: INTERRUPT PRIORITY CONTROL REGISTER §

U-0 U-0 U-0 u-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — INT1IP2 INT1IP1 INT1IPO
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 15-3
bit 2-0

Unimplemented: Read as ‘0’
INT11P<2:0>: External Interrupt 1 Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled

© 2010 Microchip Technology Inc.
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9.24.3 Exiting Deep Sleep Mode
Deep Sleep mode exits on any one of the following events:

* POR event on VDD supply. If there is no DSBOR
circuit to re-arm the VbD supply POR circuit, the
external VDD supply must be lowered to the
natural arming voltage of the POR circuit.

* DSWDT time-out. When the DSWDT timer times
out, the device exits Deep Sleep.

* RTCC alarm (if RTCEN = 1).

» Assertion (‘0’) of the MCLR pin.

» Assertion of the INTO pin (if the interrupt was
enabled before Deep Sleep mode was entered).
The polarity configuration is used to determine the
assertion level (‘0’ or ‘1’) of the pin that will cause
an exit from Deep Sleep mode. Exiting from Deep
Sleep mode requires a change on the INTO pin
while in Deep Sleep mode.

Note:  Any interrupt pending when entering Deep

Sleep mode is cleared.

Exiting Deep Sleep mode generally does not retain the
state of the device and is equivalent to a Power-on
Reset (POR) of the device. Exceptions to this include
the RTCC (if present), which remains operational
through the wake-up, the DSGPRXx registers and
DSWDT.

Wake-up events that occur from the time Deep Sleep
exits, until the time that the POR sequence completes,
are ignored and are not captured in the DSWAKE
register.

The sequence for exiting Deep Sleep mode is:

1. After a wake-up event, the device exits Deep
Sleep and performs a POR. The DSEN bit is
cleared automatically. Code execution resumes
at the Reset vector.

2. To determine if the device exited Deep Sleep,
read the Deep Sleep bit, DPSLP (RCON<10>).
This bit will be set if there was an exit from Deep
Sleep mode. If the bit is set, clear it.

3. Determine the wake-up source by reading the
DSWAKE register.

4. Determine if a DSBOR event occurred during
Deep Sleep mode by reading the DSBOR bit
(DSCON<1>).

5. If application context data has been saved, read
it back from the DSGPRO and DSGPR1
registers.

6. Clear the RELEASE bit (DSCON<0>).

9.24.4 Deep Sleep Wake-up Time

Since wake-up from Deep Sleep results in a POR, the
wake-up time from Deep Sleep is the same as the
device POR time. Also, because the internal regulator
is turned off, the voltage on VCAP may drop depending
on how long the device is asleep. If VCAP has dropped
below 2V, then there will be additional wake-up time
while the regulator charges VCAP.

Deep Sleep wake-up time is specified in Section 29.0
“Electrical Characteristics” as TDswu. This specifica-
tion indicates the worst case wake-up time, including the
full POR Reset time (including TPOR and TRST), as well
as the time to fully charge a 10 pF capacitor on VCAP
which has discharged to 0V. Wake-up may be
significantly faster if VCAP has not discharged.

9.245 Saving Context Data with the
DSGPRO/DSGPR1 Registers

As exiting Deep Sleep mode causes a POR, most
Special Function Registers reset to their default POR
values. In addition, because VDDCORE power is not
supplied in Deep Sleep mode, information in data RAM
may be lost when exiting this mode.

Applications which require critical data to be saved
prior to Deep Sleep may use the Deep Sleep General
Purpose registers, DSGPR0O and DSGPR1, or data
EEPROM (if available). Unlike other SFRs, the con-
tents of these registers are preserved while the device
is in Deep Sleep mode. After exiting Deep Sleep,
software can restore the data by reading the registers
and clearing the RELEASE bit (DSCON<0>).

9.246 I/0 Pins During Deep Sleep Mode

During Deep Sleep, the general purpose /O pins retain
their previous states and the Secondary Oscillator
(SOSC) will remain running, if enabled. Pins that are
configured as inputs (TRIS bit set) prior to entry into
Deep Sleep remain high-impedance during Deep
Sleep. Pins that are configured as outputs (TRIS bit
clear) prior to entry into Deep Sleep remain as output
pins during Deep Sleep. While in this mode, they
continue to drive the output level determined by their
corresponding LAT bit at the time of entry into Deep
Sleep.

DS39940D-page 120
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10.3 Input Change Notification

The input change notification function of the 1/0 ports
allows the PIC24FJ64GB004 family of devices to
generate interrupt requests to the processor in
response to a change of state on selected input pins.
This feature is capable of detecting input
Change-of-States (COS) even in Sleep mode, when
the clocks are disabled. Depending on the device pin
count, there are up to 29 external inputs that may be
selected (enabled) for generating an interrupt request
on a Change-of-State.

Registers, CNEN1 and CNEN2, contain the interrupt
enable control bits for each of the CN input pins. Setting
any of these bits enables a CN interrupt for the
corresponding pins.

Each CN pin has a weak pull-up connected to it. The
pull-up acts as a current source that is connected to the
pin. This eliminates the need for external resistors
when push button or keypad devices are connected.
The pull-ups are separately enabled using the CNPU1
and CNPU2 registers (for pull-ups). Each CN pin has
individual control bits for its pull-up. Setting a control bit
enables the weak pull-up for the corresponding pin.

When the internal pull-up is selected, the pin pulls up to
VDD-0.7V (typical). Make sure that there is no external
pull-up source when the internal pull-ups are enabled,
as the voltage difference can cause a current path.

Note: Pull-ups on change notification pins
should always be disabled whenever the
port pin is configured as a digital output.

10.4 Peripheral Pin Select (PPS)

A major challenge in general purpose devices is provid-
ing the largest possible set of peripheral features while
minimizing the conflict of features on I/O pins. In an
application that needs to use more than one peripheral
multiplexed on a single pin, inconvenient work arounds
in application code or a complete redesign may be the
only option.

The Peripheral Pin Select feature provides an alternative
to these choices by enabling the user’s peripheral set
selection and their placement on a wide range of 1/O
pins. By increasing the pinout options available on a par-
ticular device, users can better tailor the microcontroller
to their entire application, rather than trimming the
application to fit the device.

The Peripheral Pin Select feature operates over a fixed
subset of digital I/O pins. Users may independently
map the input and/or output of any one of many 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.

10.4.1 AVAILABLE PINS

The Peripheral Pin Select feature is used with a range
of up to 25 pins, depending on the particular device and
its pin count. Pins that support the Peripheral Pin
Select feature include the designation “RPn” in their full
pin designation, where “n” is the remappable pin

number.

See Table 1-2 for a summary of pinout options in each
package offering.

10.4.2 AVAILABLE PERIPHERALS

The peripherals managed by the Peripheral Pin Select
are all digital only peripherals. These include general
serial communications (UART and SPI), general
purpose timer clock inputs, timer related peripherals
(input capture and output compare) and external
interrupt inputs. Also included are the outputs of the
comparator module, since these are discrete digital
signals.

Peripheral Pin Select is not available for 2°C™ change
notification inputs, RTCC alarm outputs or peripherals
with analog inputs.

A key difference between pin select and non pin select
peripherals is that pin select peripherals are not asso-
ciated with a default 1/0 pin. The peripheral must
always be assigned to a specific I/0 pin before it can be
used. In contrast, non pin select peripherals are always
available on a default pin, assuming that the peripheral
is active and not conflicting with another peripheral.

10.4.21 Peripheral Pin Select Function
Priority

Pin-selectable peripheral outputs (for example, OC and
UART transmit) take priority over any general purpose
digital functions permanently tied to that pin, such as
PMP and port I/0. Specialized digital outputs, such as
USB functionality, take priority over PPS outputs on the
same pin. The pin diagrams at the beginning of this
data sheet list peripheral outputs in order of priority.
Refer to them for priority concerns on a particular pin.

Unlike devices with fixed peripherals, pin-selectable
peripheral inputs never take ownership of a pin. The
pin’s output buffer is controlled by the pin’s TRIS bit
setting, or by a fixed peripheral on the pin. If the pin is
configured in Digital mode, then the PPS input will
operate correctly, reading the input. If an analog func-
tion is enabled on the same pin, the pin-selectable
input will be disabled.

© 2010 Microchip Technology Inc.
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REGISTER 10-21:

RPORG6: PERIPHERAL PIN SELECT OUTPUT REGISTER 6

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP13R4 RP13R3 RP13R2 RP13R1 RP13R0O
bit 15 bit 8
U-0 U-0 U-0 U-0 u-0 U-0 U-0 U-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
bit 12-8

bit 7-0

Unimplemented: Read as ‘0’

RP13R<4:0>: RP13 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP13 (see Table 10-3 for peripheral function numbers).

Unimplemented: Read as ‘0’

REGISTER 10-22: RPOR?7: PERIPHERAL PIN SELECT OUTPUT REGISTER 7

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP15R4 RP15R3 RP15R2 RP15R1 RP15R0
bit 15 bit 8

u-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP14R4 RP14R3 RP14R2 RP14R1 RP14R0
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 12-8

bit 7-5
bit 4-0

Unimplemented: Read as ‘0’
RP15R<4:0>: RP15 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RPO (see Table 10-3 for peripheral function numbers).

Unimplemented: Read as ‘0’
RP14R<4:0>: RP14 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP14 (see Table 10-3 for peripheral function numbers).

© 2010 Microchip Technology Inc.
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14.0 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
“PIC24F Family Reference Manual”,
Section 35. “Output Capture with
Dedicated Timer” (DS39723).

All devices in the PIC24FJ64GB004 family features
5 independent output compare modules. Each of these
modules offers a wide range of configuration and oper-
ating 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 21 user-selectable
trigger/sync 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

141 General Operating Modes

14.11 SYNCHRONOUS AND TRIGGER
MODES

By default, the output compare module operates in a
Free-Running mode. The internal 16-bit counter,
OCxTMR, runs counts up continuously, wrapping
around from FFFFh to 0000h on each overflow with its
period 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 bits (OCxCON2<4:0>) are set to
‘00000’. Synchronous or Trigger modes are selected
any time the SYNCSEL 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
SYNCSEL bits determine the sync/trigger source.

14.1.2 CASCADED (32-BIT) MODE

By default, each module operates independently with
its own set of 16-bit Timer and Duty Cycle registers. To
increase the range, 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 setting
the OC32 bit (OCxCON2<8>) for both modules.

© 2010 Microchip Technology Inc.
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REGISTER 17-1: UxMODE: UARTx MODE REGISTER (CONTINUED)

bit 3 BRGH: High Baud Rate Enable bit
1 = High-Speed mode (four BRG clock cycles per bit)
0 = Standard mode (16 BRG clock cycles per bit)
bit 2-1 PDSEL<1:0>: Parity and Data Selection bits
11 = 9-bit data, no parity
10 = 8-bit data, odd parity
01 = 8-bit data, even parity
00 = 8-bit data, no parity
bit 0 STSEL: Stop Bit Selection bit
1 = Two Stop bits
0 = One Stop bit

Note 1: If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 10.4 “Peripheral Pin Select (PPS)” for more information.

2: This feature is only available for the 16x BRG mode (BRGH = 0).

© 2010 Microchip Technology Inc. DS39940D-page 193
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REGISTER 18-1: BDnSTAT: BUFFER DESCRIPTOR n STATUS REGISTER PROTOTYPE, USB
MODE (BDOSTAT THROUGH BD63STAT)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
UOWN DTS | PID3 PID2 PID1 | PIDO BC9 BC8
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO
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 UOWN: USB Own bit
1 = The USB module owns the BD and its corresponding buffer; the CPU must not modify the BD or
the buffer
bit 14 DTS: Data Toggle Packet bit

1 = Data 1 packet
0 = Data 0 packet
bit 13-10 PID<3:0>: Packet Identifier bits (written by the USB module)
In Device mode:
Represents the PID of the received token during the last transfer.
In Host mode:
Represents the last returned PID, or the transfer status indicator.

bit 9-0 BC<9:0>: Byte Count
This represents the number of bytes to be transmitted or the maximum number of bytes to be received

during a transfer. Upon completion, the byte count is updated by the USB module with the actual
number of bytes transmitted or received.

DS39940D-page 204 © 2010 Microchip Technology Inc.
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REGISTER 19-2: PMMODE: PARALLEL PORT MODE REGISTER

R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUSY IRQM1 IRQMO INCM1 INCMO MODE16 MODE1 MODEO
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
WAITB1M | wairBo™ |  WAITM3 WAITM2 WAITM1 WAITMO | WAITE1(M | wAITEO™
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 BUSY: Busy bit (Master mode only)

1 = Port is busy (not useful when the processor stall is active)
0 = Portis not busy

bit 14-13 IRQM<1:0>: Interrupt Request Mode bits

11 = Interrupt is generated when Read Buffer 3 is read or Write Buffer 3 is written (Buffered PSP
mode) or on a read or write operation when PMA<1:0> = 11 (Addressable PSP mode only)

10 = No interrupt is generated; processor stall activated

01 = Interrupt is generated at the end of the read/write cycle

00 = No interrupt is generated

bit 12-11 INCM<1:0>: Increment Mode bits

11 = PSP read and write buffers auto-increment (Legacy PSP mode only)
10 = Decrement ADDR<10:0> by 1 every read/write cycle

01 = Increment ADDR<10:0> by 1 every read/write cycle

00 = No increment or decrement of address

bit 10 MODE16: 8/16-Bit Mode bit
1 = 16-bit mode: Data register is 16 bits; a read or write to the Data register invokes two 8-bit transfers
0 = 8-bit mode: Data register is 8 bits; a read or write to the Data register invokes one 8-bit transfer
bit 9-8 MODE<1:0>: Parallel Port Mode Select bits

11 = Master Mode 1 (PMCS1, PMRD/PMWR, PMENB, PMBE, PMA<x:0> and PMD<7:0>)
10 = Master Mode 2 (PMCS1, PMRD, PMWR, PMBE, PMA<x:0> and PMD<7:0>)

01 = Enhanced PSP control signals (PMRD, PMWR, PMCS1, PMD<7:0> and PMA<1:0>)
00 = Legacy Parallel Slave Port control signals (PMRD, PMWR, PMCS1 and PMD<7:0>)

bit 7-6 WAITB<1:0>: Data Setup to Read/Write Wait State Configuration bits(")
11 = Data wait of 4 Tcy; multiplexed address phase of 4 Tcy
10 = Data wait of 3 Tcy; multiplexed address phase of 3 Tcy
01 = Data wait of 2 Tcy; multiplexed address phase of 2 Tcy
00 = Data wait of 1 TcY; multiplexed address phase of 1 Tcy

bit 5-2 WAITM<3:0>: Read to Byte Enable Strobe Wait State Configuration bits
1111 = Wait of additional 15 Tcy

0001 = Wait of additional 1 Tcy
0000 = No additional wait cycles (operation forced into one TcY)
bit 1-0 WAITE<1:0>: Data Hold After Strobe Wait State Configuration bits(")

11 = Wait of 4 Tcy
10 = Wait of 3 Tcy
01 = Waitof 2 Tcy
00 = Wait of 1 Tcy

Note 1: WAITB and WAITE bits are ignored whenever WAITM<3:0> = 0000.
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FIGURE 19-5: MASTER MODE, PARTIALLY MULTIPLEXED ADDRESSING (SEPARATE READ
AND WRITE STROBES, SINGLE CHIP SELECT)

PIC24F —p <] Pria<io:s>
‘ ' PMD<7:0>

K PMA<7:0>
4@ PMCSH1

EZ PMALL Address Bus —
Multiplexed —
4@ PMRD Data and

Address Bus

4% PMWR Control Lines

FIGURE 19-6: MASTER MODE, FULLY MULTIPLEXED ADDRESSING (SEPARATE READ AND
WRITE STROBES, SINGLE CHIP SELECT)
PMD<7:0>
L S )
4|X| PMCS1
4|X| PMALL
4|X| PMALH
Multiplexed —
4|X| PMRD Data and
Address Bus
4% PMWR Control Lines
FIGURE 19-7: EXAMPLE OF A MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> |4 P 373 LATO P A<15:0>
PMALL )
< D<7:0> P | D<7:0>
CE
A<15:8>
PMALH A I
PMCS1 Address Bus —
PMRD Data Bus —
PMWR Control Lines _—
FIGURE 19-8: EXAMPLE OF A PARTIALLY MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> | 4 T 7 e act00>
PMALL I D<7:0>
| D<7:0>
PMA<10:8> AS10:87 |—> CE
PMCS1 OE  WR| Address Bus —
PMRD * A Data Bus ——
PMWR Control Lines _—
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22.0 10-BIT HIGH-SPEED A/D
CONVERTER

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
“PIC24F Family Reference Manual’,
Section 17. “10-Bit A/D Converter”

(DS39705).

The 10-bit A/D Converter has the following key
features:

» Successive Approximation (SAR) conversion

» Conversion speeds of up to 500 ksps

* 13 analog input pins

» External voltage reference input pins

* Internal band gap reference inputs

» Automatic Channel Scan mode

» Selectable conversion trigger source

» 16-word conversion result buffer

» Selectable Buffer Fill modes

 Four result alignment options

» Operation during CPU Sleep and Idle modes

On all PIC24FJ64GB004 family devices, the 10-bit A/D
Converter has 13 analog input pins, designated ANO
through AN12. In addition, there are two analog input
pins for external voltage reference connections (VREF+

and VREF-). These voltage reference inputs may be
shared with other analog input pins.

A block diagram of the A/D Converter is shown in
Figure 22-1.

To perform an A/D conversion:

1. Configure the A/D module:

a) Configure port pins as analog inputs and/or
select band gap reference inputs
(AD1PCFGL<15:0> and AD1PCFGH<1:0>).

b) Select voltage reference source to match
expected range on analog inputs
(AD1CON2<15:13>).

c) Select the analog conversion clock to match
the desired data rate with the processor
clock (AD1CON3<7:0>).

d) Select the appropriate sample/conversion
sequence (AD1CON1<7:5> and
AD1CON3<12:8>).

e) Select how conversion results are
presented in the buffer (AD1CON1<9:8>).

f)  Select interrupt rate (AD1CON2<5:2>).

g) Turn on A/D module (AD1CON1<15>).
2. Configure the A/D interrupt (if required):

a) Clear the AD1IF bit.

b) Select A/D interrupt priority.

© 2010 Microchip Technology Inc.
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REGISTER 22-2: AD1CON2: A/D CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 r-0 u-0 R/W-0 U-0 u-0
VCFG2 VCFG1 VCFGO r — CSCNA — —

bit 15 bit 8

R-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

BUFS — SMPI3 SMPI2 SMPI1 SMPIO BUFM ALTS

bit 7 bit 0

Legend: r = Reserved 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 15-13 VCFG<2:0>: Voltage Reference Configuration bits

VCFG<2:0> VR+ VR-
000 AVDD AVss
001 External VREF+ pin AVss
010 AVDD External VREF- pin
011 External VREF+ pin External VREF- pin
1xx AVDD AVss
bit 12 Reserved: Maintain as ‘0’
bit 11 Unimplemented: Read as ‘0’
bit 10 CSCNA: Scan Input Selections for CHO+ S/H Input for MUX A Input Multiplexer Setting bit

1 = Scan inputs
0 = Do not scan inputs
bit 9-8 Unimplemented: Read as ‘0’
bit 7 BUFS: Buffer Fill Status bit (valid only when BUFM = 1)
1 = A/D is currently filling buffer 08-0OF; user should access data in 00-07
0 = A/D is currently filling buffer 00-07; user should access data in 08-0F
bit 6 Unimplemented: Read as ‘0’
bit 5-2 SMPI<3:0>: Sample/Convert Sequences Per Interrupt Selection bits

1111 = Interrupts are at the completion of conversion for each 16th sample/convert sequence
1110 = Interrupts are at the completion of conversion for each 15th sample/convert sequence
0001 = Interrupts are at the completion of conversion for each 2nd sample/convert sequence
0000 = Interrupts are at the completion of conversion for each sample/convert sequence

bit 1 BUFM: Buffer Mode Select bit
1 = Buffer is configured as two 8-word buffers (ADC1BUFn<15:8> and ADC1BUFn<7:0>)
0 = Buffer is configured as one 16-word buffer (ADC1BUFn<15:0>)

bit 0 ALTS: Alternate Input Sample Mode Select bit

1 = Uses MUX A input multiplexer settings for first sample, then alternates between MUX B and
MUX A input multiplexer settings for all subsequent samples
0 = Always uses MUX A input multiplexer settings
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26.0 SPECIAL FEATURES

Note:

This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
following sections of the “PIC24F Family
Reference Manual”:

» Section 9. “Watchdog Timer (WDT)”
(DS39697)

 Section 32. “High-Level Device
Integration” (DS39719)

+ Section 33. “Programming and
Diagnostics” (DS39716)

PIC24FJ64GB004 family devices include several
features intended to maximize application flexibility and
reliability, and minimize cost through elimination of
external components. These are:

Flexible Configuration
Watchdog Timer (WDT)

Code Protection

JTAG Boundary Scan Interface
In-Circuit Serial Programming
In-Circuit Emulation

26.1

The Configuration bits can be programmed (read as ‘0’),
or left unprogrammed (read as ‘1’), to select various
device configurations. These bits are mapped starting at
program memory location F80000h. A detailed explana-
tion of the various bit functions is provided in
Register 26-1 through Register 26-6.

Note that address F80000h is beyond the user program
memory space. In fact, it belongs to the configuration
memory space (800000h-FFFFFFh) which can only be
accessed using table reads and table writes.

Configuration Bits

26.1.1 CONSIDERATIONS FOR
CONFIGURING PIC24FJ64GB004

FAMILY DEVICES

In PIC24FJ64GB004 family devices, the configuration
bytes are implemented as volatile memory. This means
that configuration data must be programmed each time
the device is powered up. Configuration data is stored
in the three words at the top of the on-chip program
memory space, known as the Flash Configuration
Words. Their specific locations are shown in
Table 26-1. These are packed representations of the
actual device Configuration bits, whose actual
locations are distributed among several locations in
configuration space. The configuration data is automat-
ically loaded from the Flash Configuration Words to the
proper Configuration registers during device Resets.

Note:  Configuration data is reloaded on all types

of device Resets.

When creating applications for these devices, users
should always specifically allocate the location of the
Flash Configuration Word for configuration data. This is
to make certain that program code is not stored in this
address when the code is compiled.

The upper byte of all Flash Configuration Words in
program memory should always be ‘1111 1111’. This
makes them appear to be NOP instructions in the
remote event that their locations are ever executed by
accident. Since Configuration bits are not implemented
in the corresponding locations, writing ‘1’s to these
locations has no effect on device operation.

Note:  Performing a page erase operation on the
last page of program memory clears the
Flash Configuration Words, enabling code
protection as a result. Therefore, users
should avoid performing page erase

operations on the last page of program

memory.

TABLE 26-1: FLASH CONFIGURATION WORD LOCATIONS FOR PIC24FJ64GB004 FAMILY
DEVICES
Configuration Word Addresses
Device
1 2 3 4
PIC24FJ32GB00X 57FEh 57FCh 57FAh 57F8h
PIC24FJ64GB00X ABFEh ABFCh ABFAh ABF8h

© 2010 Microchip Technology Inc.
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REGISTER 26-1:

CW1: FLASH CONFIGURATION WORD 1

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1

bit 23 bit 16
rx RIPO-1 RIPO-1 R/PO-1 RIPO-1 U-1 RIPO-1 RIPO-1
r  |Jtaeen® | ecp | oewre | DEBUG |  — | st | icso

bit 15 bit 8
R/PO-1 R/PO-1 U-1 R/PO-1 RIPO-1 R/PO-1 R/PO-1 R/PO-1

FWDTEN | WINDIS — FWPSA | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO
bit 7 bit 0
Legend: r = Reserved bit

R = Readable bit
-n = Value when device is unprogrammed

PO = Program Once bit

U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set

‘0’ = Bit is cleared

bit 23-16
bit 15
bit 14

bit 13

bit 12

bit 11

bit 10

bit 9-8

bit 7

bit 6

bit 5
bit 4

Note 1:

Unimplemented: Read as ‘1’
Reserved: The value is unknown; program as ‘0’
JTAGEN: JTAG Port Enable bit(")

1 = JTAG port is enabled
0 = JTAG port is disabled

GCP: General Segment Program Memory Code Protection bit

1 = Code protection is disabled

0 = Code protection is enabled for the entire program memory space
GWRP: General Segment Code Flash Write Protection bit

1 = Writes to program memory are allowed
0 = Writes to program memory are disabled
DEBUG: Background Debugger Enable bit

1 = Device resets into Operational mode
0 = Device resets into Debug mode

Unimplemented: Read as ‘1’

ICS<1:0>: Emulator Pin Placement Select bits

11 = Emulator functions are shared with PGEC1/PGED1
10 = Emulator functions are shared with PGEC2/PGED2
01 = Emulator functions are shared with PGEC3/PGED3
00 = Reserved; do not use

FWDTEN: Watchdog Timer Enable bit

1 = Watchdog Timer is enabled

0 = Watchdog Timer is disabled

WINDIS: Windowed Watchdog Timer Disable bit

1 = Standard Watchdog Timer is enabled

0 = Windowed Watchdog Timer is enabled; FWDTEN must be ‘1’

Unimplemented: Read as ‘1’

FWPSA: WDT Prescaler Ratio Select bit
1 = Prescaler ratio of 1:128
0 = Prescaler ratio of 1:32

modified while connected through the JTAG interface.

The JTAGEN bit can only be modified using In-Circuit Serial Programming™ (ICSP™). It cannot be
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TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)
Mnomonic Assembly Syntax Description Words | Cycles | Affectod
BTSS BTSS f,#bit4 Bit Test f, Skip if Set 1 1 None
(20r3)
BTSS W, #bi t 4 Bit Test Ws, Skip if Set 1 1 None
(2 0or3)
BTST BTST f,#bit4 Bit Test f 1 1 4
BTST.C W, #bit4 Bit Test Ws to C 1 1 C
BTST. Z W, #bi t 4 Bit Test Ws to Z 1 1 4
BTST.C W, W Bit Test Ws<Wb> to C 1 1 Cc
BTST. Z W, Wb Bit Test Ws<Wb> to Z 1 1 4
BTSTS BTSTS f,#bit4 Bit Test then Set f 1 1 4
BTSTS.C W, #bit4 Bit Test Ws to C, then Set 1 1 C
BTSTS. Z W, #bit4 Bit Test Ws to Z, then Set 1 1 Z
CALL CALL 1it23 Call Subroutine 2 2 None
CALL W Call Indirect Subroutine 1 2 None
CLR CLR f f = 0x0000 1 1 None
CLR WREG WREG = 0x0000 1 1 None
CLR W03 Ws = 0x0000 1 1 None
CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO, Sleep
com cov f f=f 1 1 N, Z
com f, WREG WREG = f 1 1 N,z
com Ve, Wi Wd = Ws 1 1 N,z
cP cpP f Compare f with WREG 1 1 C,DC,N,0V,Z
cpP W, #lit5 Compare Wb with lit5 1 1 C,DC,N,0V,Z
CcP W, W Compare Wb with Ws (Wb — Ws) 1 1 C,DC,N, 0V, z
CPO CPO f Compare f with 0x0000 1 1 C,DC,N,0V, zZ
CPO \U' Compare Ws with 0x0000 1 1 C,DC,N, 0V, Z
CPB CPB f Compare f with WREG, with Borrow 1 1 C,DC,N, 0V, Z
CPB Wb, #lit5 Compare Wb with lit5, with Borrow 1 1 C,DC,N, 0V, Z
CPB Wb, Compare Wb with Ws, with Borrow 1 1 C,DC, N, 0V, Z
(Wb —Ws - C)
CPSEQ CPSEQ W, Wh Compare Wb with Wn, Skip if = 1 1 None
(20r3)
CPSGT CPSGT Wb, Wh Compare Wb with Wn, Skip if > 1 1 None
(20r3)
CPSLT CPSLT Wb, Wh Compare Wb with Wn, Skip if < 1 1 None
(2 0or3)
CPSNE CPSNE W, Wh Compare Wb with Wn, Skip if # 1 1 None
(20r3)
DAW DAW B Wh Whn = Decimal Adjust Wn 1 1 (e}
DEC DEC f f=f-1 1 1 C,DC,N,0V,Z
DEC f, WREG WREG =f-1 1 1 C,DC,N,0V,Z
DEC Ws, Wi Wd =Ws -1 1 1 C,DC,N,0V,Z
DEC2 DEC2 f f=f-2 1 1 C,DC,N,0V,Z
DEC2 f, WREG WREG =f-2 1 1 C,DC,N,0V,Z
DEC2 Ws, Wi Wd =Ws -2 1 1 C,DC,N,0V,Z
DI SI DI SI #litld Disable Interrupts for k Instruction Cycles 1 1 None
DIV DIV.SW Wn W Signed 16/16-bit Integer Divide 1 18 N, Z,C, OV
DI V. SD Wn Wh Signed 32/16-bit Integer Divide 1 18 N, Z,C, OV
DIV.UW  Wn W Unsigned 16/16-bit Integer Divide 1 18 N, Z,C, OV
DI V. UD Wn Wh Unsigned 32/16-bit Integer Divide 1 18 N, Z,C, OV
EXCH EXCH Whs, Wid Swap Wns with Wnd 1 1 None
FF1L FF1L W, Whd Find First One from Left (MSb) Side 1 1 C
FF1R FF1R W, Whd Find First One from Right (LSb) Side 1 1 C
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28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

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

N
A S e B i e B e e B i Y e Y e Y e B e B e W

NOTE 1

R T L L R R |

i iy AL

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 .135 .150
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 .130 150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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44-L ead Plastic Quad Flat, No Lead Package (ML) -

8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
| c1 |
| - |
I I
——-tﬁ.—]HﬂDDDDDDD[% B
m
1 C1—
1 C1—7
1 1
c2 ] 1 —
1 11
I  —
1 1
1 1
1 1 —
l_l 1
—-B0000000000_—_
xt —=) |-
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN_ | NOM | MAX
Contact Pitch E 0.65BSC
Optional Center Pad Width W2 6.80
Optional Center Pad Length T2 6.80
Contact Pad Spacing C1 8.00
Contact Pad Spacing C2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.80
Distance Between Pads G 0.25
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2103A
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NOTES:
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