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"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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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
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FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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PIC24FJ64GA104 FAMILY

Peripheral Features:

» Peripheral Pin Select:
- Allows independent I/O mapping of many peripherals
- Up to 26 available pins (44-pin devices)
- Continuous hardware integrity checking and safety
interlocks prevent unintentional configuration changes
» 8-Bit Parallel Master Port (PMP/PSP):
- Up to 16-bit multiplexed addressing, with up to
11 dedicated address pins on 44-pin devices
- Programmable polarity on control lines
- Supports legacy Parallel Slave Port
» Hardware Real-Time Clock/Calendar (RTCC):
- Provides clock, calendar and alarm functions
- Functions even in Deep Sleep mode
* Two 3-Wire/4-Wire SPI modules (support 4 Frame
modes) with 8-Level FIFO Buffer
+ Two I’C™ modules support Multi-Master/Slave mode
and 7-Bit/10-Bit Addressing

Pin Diagrams

* Two UART modules:

- Supports RS-485, RS-232 and LIN/J2602

- On-chip hardware encoder/decoder for IrDA®
- Auto-wake-up on Start bit

- Auto-Baud Detect (ABD)

- 4-level deep FIFO buffer

» Five 16-Bit Timers/Counters with Programmable

Prescaler

Base

» Five 16-Bit Compare/PWM Outputs, each with a

Dedicated Time Base

Generator

« Configurable Open-Drain Outputs on Digital I/O Pins
» Up to 3 External Interrupt Sources

28-Pin SPDIP, SOIC, SSOP(!)

Five 16-Bit Capture Inputs, each with a Dedicated Time

Programmable, 32-Bit Cyclic Redundancy Check (CRC)

MCIR (1~ 28 ] Vbb
ANO/C3INC/VREF+/CN2/CTED1/RA0 [ 2 27 [] Vss
AN1/C3IND/VREF-/CN3/CTED2/RA1 []3 - 26 [ ] AN9/C3INA/RP15/CN11/PMCS1/RB15
PGED1/AN2/C2INB/RPO/CN4/RBO [ 4 5 25 [] AN10/C3INB/CVREF/RTCC/RP14/CN12/PMWR/RB14
PGEC1/AN3/C2INA/RP1/CN5/RB1 [| 5 ﬁ 24 [] AN11/C1INC/RP13/CN13/PMRD/REFO/RB13
AN4/C1INB/RP2/SDA2/CN6/RB2 e Z 23 [] AN12/RP12/CN14/PMDO0/RB12
AN5/C1INA/RP3/SCL2/CN7/RB3 [ 7 ;E 22 [[] PGEC2/TMS/RP11/CN15/PMD1/RB11
Vss []8 o) 21 [0 PGED2/TDI/RP10/CN16/PMD2/RB10
OSCI/CLKI/C1IND/CN30/RA2 [ 9 > 20 [] VCAP/VDDCORE
OSCO/CLKO/PMAO/CN29/RA3 ] 10 5‘ 19 [] DISVREG
SOSCI/C2IND/RP4/PMBE/CN1/RB4 [ 11 N 18 [[] TDO/RP9/SDA1/CN21/PMD3/RB9
SOSCO/SCLKI/T1CK/C2INC/CNO/PMA1/RA4 [ 12 17 [O] TCK/RP8/SCL1/CN22/PMD4/RB8
Vop []13 16 O] RP7/INTO/CN23/PMD5/RB7
PGED3/RP5/ASDA1)/CN27/PMD7/RB5 14 150 PGC3/EMUC3/RP6/ASCL1(2)/CN24/PMD6/RB6

Legend: RPn represents remappable peripheral pins.
Note 1: Gray shading indicates 5.5V tolerant input pins.
2:  Alternative multiplexing for SDA1 and SCL1 when the I2C1SEL bit is set.
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PIC24FJ64GA104 FAMILY

TABLE 1-2: PIC24FJ64GA104 FAMILY PINOUT DESCRIPTIONS (CONTINUED)

Pin Number
i 28-Pin : 44-Pin Input ipti
Function SPOIP/ 23:?‘" QFN 110 Buffer Description
SOIC/SSOP TQFP
RPO 4 1 21 1/0 ST Remappable Peripheral (input or output).
RP1 5 2 22 110 ST
RP2 6 3 23 110 ST
RP3 7 4 24 110 ST
RP4 11 8 33 110 ST
RP5 14 11 41 110 ST
RP6 15 12 42 110 ST
RP7 16 13 43 110 ST
RP8 17 14 44 110 ST
RP9 18 15 1 110 ST
RP10 21 18 8 110 ST
RP11 22 19 9 110 ST
RP12 23 20 10 110 ST
RP13 24 21 11 110 ST
RP14 25 22 14 110 ST
RP15 26 23 15 110 ST
RP16 — — 25 I/0 ST
RP17 — — 26 I/0 ST
RP18 — — 27 I/0 ST
RP19 — — 36 I/0 ST
RP20 — — 37 I/0 ST
RP21 — — 38 I/0 ST
RP22 — — 2 I/0 ST
RP23 — — 3 I/0 ST
RP24 — — 4 I/0 ST
RP25 — — 5 I/0 ST
RTCC 25 22 14 (0] — Real-Time Clock Alarm/Seconds Pulse Output.
SCL1 17 14 44 110 12c I12C1 Synchronous Serial Clock Input/Output.
SCL2 7 4 24 110 1’c 12C2 Synchronous Serial Clock Input/Output.
SDA1 18 15 1 110 1’c I12C1 Data Input/Output.
SDA2 6 3 23 110 1’c I12C2 Data Input/Output.
SOSCI 11 8 33 | ANA  [Secondary Oscillator/Timer1 Clock Input.
SOSCO 12 9 34 (@] ANA  [Secondary Oscillator/Timer1 Clock Output.
T1CK 12 9 34 | ST Timer1 Clock Input.
TCK 17 14 13 | ST JTAG Test Clock Input.
TDI 21 18 35 | ST JTAG Test Data Input.
TDO 18 15 32 O — JTAG Test Data Output.
TMS 22 19 12 | ST JTAG Test Mode Select Input.
Legend: TTL = TTL input buffer ST = Schmitt Trigger input buffer
ANA = Analog level input/output 12c™ = |2C/SMBus input buffer

© 2010 Microchip Technology Inc. DS39951C-page 17
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FIGURE 3-1: PIC24F CPU CORE BLOCK DIAGRAM
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TABLE 4-3: CPU CORE REGISTERS MAP
N';irI:e Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReI:I(Iets

WREGO 0000 Working Register 0 0000
WREG1 0002 Working Register 1 0000
WREG2 0004 Working Register 2 0000
WREG3 0006 Working Register 3 0000
WREG4 0008 Working Register 4 0000
WREG5 000A Working Register 5 0000
WREG6 0ooC Working Register 6 0000
WREG7 000E Working Register 7 0000
WREG8 0010 Working Register 8 0000
WREG9 0012 Working Register 9 0000
WREG10 | 0014 Working Register 10 0000
WREG11 0016 Working Register 11 0000
WREG12 | 0018 Working Register 12 0000
WREG13 | 001A Working Register 13 0000
WREG14 | 001C Working Register 14 0000
WREG15 | 001E Working Register 15 0800
SPLIM 0020 Stack Pointer Limit Value Register XXXX
PCL 002E Program Counter Low Word Register 0000
PCH 0030 — — — — — — — — Program Counter Register High Byte 0000
TBLPAG 0032 — — — — — — — — Table Memory Page Address Register 0000
PSVPAG 0034 — — — — — — — — Program Space Visibility Page Address Register 0000
RCOUNT | 0036 Repeat Loop Counter Register XXXX
SR 0042 — — — — — — — DC IPL2 IPL1 IPLO RA N ov z C 0000
CORCON | 0044 — — — — — — — — — — — — IPL3 PSV — — 0000
DISICNT 0052 — — Disable Interrupts Counter Register XXXX
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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PIC24FJ64GA104 FAMILY

NOTES:

DS39951C-page 58 © 2010 Microchip Technology Inc.



PIC24FJ64GA104 FAMILY

REGISTER 7-25: IPC10: INTERRUPT PRIORITY CONTROL REGISTER 10

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 uU-0 uU-0 uU-0 uU-0
— OC5IP2 OC5IP1 OC5IPO — — — —
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 15-7 Unimplemented: Read as ‘0’
bit 6-4 OC5IP<2:0>: Output Compare Channel 5 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’

DS39951C-page 92 © 2010 Microchip Technology Inc.
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REGISTER 7-32:

INTTREG: INTERRUPT CONTROL AND STATUS REGISTER

R-0 U-0 R/W-0 u-0 R-0 R-0 R-0 R-0
CPUIRQ — VHOLD — ILR3 ILR2 ILR1 ILRO
bit 15 bit 8
U-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
— VECNUM6 | VECNUM5 | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO
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

bit 14
bit 13

bit 12

bit 11-8

bit 7
bit 6-0

CPUIRQ: Interrupt Request from Interrupt Controller CPU bit

1 = Aninterrupt request has occurred but has not yet been Acknowledged by the CPU; this happens
when the CPU priority is higher than the interrupt priority

0 = No interrupt request is unacknowledged

Unimplemented: Read as ‘0’

VHOLD: Vector Number Capture Configuration bit

1 = The VECNUM bits contain the value of the highest priority pending interrupt

0 = The VECNUM bits contain the value of the last Acknowledged interrupt (i.e., the last interrupt that
has occurred with higher priority than the CPU, even if other interrupts are pending)

Unimplemented: Read as ‘0’

ILR<3:0>: New CPU Interrupt Priority Level bits

1111 = CPU Interrupt Priority Level is 15

0001 = CPU Interrupt Priority Level is 1
0000 = CPU Interrupt Priority Level is 0

Unimplemented: Read as ‘0’
VECNUM<6:0>: Pending Interrupt Vector ID bits (pending vector number is VECNUM + 8)
0111111 = Interrupt Vector pending is number 135

0000001 = Interrupt Vector pending is number 9
0000000 = Interrupt Vector pending is number 8

DS39951C-page 98
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8.0 OSCILLATOR
CONFIGURATION
Note: This data sheet summarizes the features

of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,

“Section 6. Oscillator” (DS39700).

The oscillator system for PIC24FJ64GA104 family
devices has the following features:

A total of four external and internal oscillator options
as clock sources, providing 11 different clock modes

» On-chip 4x PLL to boost internal operating frequency
on select internal and external oscillator sources

FIGURE 8-1:

» Software-controllable switching between various
clock sources

» Software-controllable postscaler for selective
clocking of CPU for system power savings

» A Fail-Safe Clock Monitor (FSCM) that detects
clock failure and permits safe application recovery
or shutdown

» A separate and independently configurable system
clock output for synchronizing external hardware

A simplified diagram of the oscillator system is shown
in Figure 8-1.

PIC24FJ64GA104 FAMILY CLOCK DIAGRAM
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10.3 Input Change Notification

The input change notification function of the 1/0 ports
allows the PIC24FJ64GA104 family of devices to gen-
erate interrupt requests to the processor in response to
a Change-of-State (COS) on selected input pins. This
feature is capable of detecting input Change-of-States
even in Sleep mode, when the clocks are disabled.
Depending on the device pin count, there are up to
31 external inputs that may be selected (enabled) for
generating an interrupt request on a Change-of-State.

Registers, CNEN1 and CNENZ2, 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 1/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/O. 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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17.2 Transmitting in 8-Bit Data Mode

1. Setup the UART:

a) Write appropriate values for data, parity and
Stop bits.

b) Write appropriate baud rate value to the
UxBRG register.

c) Setup transmit and receive interrupt enable
and priority bits.

2. Enable the UART.

3. Set the UTXEN bit (causes a transmit interrupt
two cycles after being set).

4. Write data byte to the lower byte of the
UXTXREG word. The value will be immediately
transferred to the Transmit Shift Register (TSR)
and the serial bit stream will start shifting out
with the next rising edge of the baud clock.

5. Alternately, the data byte may be transferred
while UTXEN =0, and then the user may set
UTXEN. This will cause the serial bit stream to
begin immediately because the baud clock will
start from a cleared state.

6. A transmit interrupt will be generated as per
interrupt control bit, UTXISELX.

17.3 Transmitting in 9-Bit Data Mode

1. Set up the UART (as described in Section 17.2
“Transmitting in 8-Bit Data Mode”).

Enable the UART.
Set the UTXEN bit (causes a transmit interrupt).
Write UXTXREG as a 16-bit value only.

A word write to UXTXREG triggers the transfer
of the 9-bit data to the TSR. The serial bit stream
will start shifting out with the first rising edge of
the baud clock.

6. A transmit interrupt will be generated as per the
setting of control bit, UTXISELXx.

IS

17.4 Break and Sync Transmit
Sequence

The following sequence will send a message frame

header made up of a Break, followed by an Auto-Baud

Sync byte.

1. Configure the UART for the desired mode.

2. Set UTXEN and UTXBRK to set up the Break
character.

3. Load the UXTXREG with a dummy character to
initiate transmission (value is ignored).

4. Write ‘55h’ to UXTXREG,; this loads the Sync
character into the transmit FIFO.

5. After the Break has been sent, the UTXBRK bit
is reset by hardware. The Sync character now
transmits.

17.5 Receiving in 8-Bit or 9-Bit Data
Mode

1. Set up the UART (as described in Section 17.2
“Transmitting in 8-Bit Data Mode”).

2. Enable the UART.

3. A receive interrupt will be generated when one
or more data characters have been received as
per interrupt control bit, URXISELXx.

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software.

5. Read UxRXREG.

The act of reading the UXRXREG character will move

the next character to the top of the receive FIFO,
including a new set of PERR and FERR values.

17.6 Operation of UXCTS and UxRTS
Control Pins

UARTx Clear to Send (UxCTS) and Request to Send
(UXRTS) are the two hardware-controlled pins that are
associated with the UART module. These two pins
allow the UART to operate in Simplex and Flow Control
modes. They are implemented to control the transmis-
sion and reception between the Data Terminal
Equipment (DTE). The UEN<1:0> bits in the UxMODE
register configure these pins.

17.7 Infrared Support

The UART module provides two types of infrared UART
support: one is the IrDA clock output to support the
external IrDA encoder and decoder device (legacy
module support), and the other is the full implementa-
tion of the IrDA encoder and decoder. Note that
because the IrDA modes require a 16x baud clock, they
will only work when the BRGH bit (UxMODE<3>) is ‘0’.

17.71 IRDA CLOCK OUTPUT FOR
EXTERNAL IRDA SUPPORT

To support external IrDA encoder and decoder devices,
the BCLKx pin (same as the UxRTS pin) can be
configured to generate the 16x baud clock. When
UEN<1:0> = 11, the BCLKx pin will output the 16x
baud clock if the UART module is enabled. It can be
used to support the IrDA codec chip.

17.7.2 BUILT-IN IRDA ENCODER AND
DECODER

The UART has full implementation of the IrDA encoder
and decoder as part of the UART module. The built-in
IrDA encoder and decoder functionality is enabled
using the IREN bit (UXMODE<12>). When enabled
(IREN = 1), the receive pin (UxRX) acts as the input
from the infrared receiver. The transmit pin (UxTX) acts
as the output to the infrared transmitter.

© 2010 Microchip Technology Inc.
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18.0 PARALLEL MASTER PORT Key features of the PMP module include:
(PMP) + Up to 16 Programmable Address Lines
* One Chip Select Line
* Programmable Strobe Options:
- Individual Read and Write Strobes or;

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 - Read/Write Strobe with Enable Strobe
“PIC24F Family Reference Manual’, « Address Auto-Increment/Auto-Decrement
Section 13. “Parallel Master Port « Programmable Address/Data Multiplexing
(PMP)” (DS39713). * Programmable Polarity on Control Signals

The Parallel Master Port (PMP) module is a parallel, » Legacy Parallel Slave Port Support

8-bit I/0 module, specifically designed to communicate » Enhanced Parallel Slave Support:

with a wide variety of parallel devices, such as commu- - Address Support

nlcatlo.n peripherals, LCDs, externgl memory devices - 4-Byte Deep Auto-Incrementing Buffer
and microcontrollers. Because the interface to parallel

peripherals varies significantly, the PMP is highly + Programmable Wait States
configurable.  Selectable Input Voltage Levels

Note: A number of the pins for the PMP are not
present on PIC24FJ64GA1 family devices.
Refer to the specific device’s pinout to
determine which pins are available.

FIGURE 18-1: PMP MODULE OVERVIEW

Address Bus —
Data Bus ——

Control Lines E—

PIC24F

PMA<0>
Parallel Master Port

PMALL

PMA<1>
PMALH

Up to 11-Bit Address
PMA<10:2> P EEPROM

PMCS1 A

PMBE

PMRD

PMRD/PMWR Microcontroller LCD FIFO

Buffer

PMWR
PMENB

bk

PMD<7:0>

X PMA<TO> g Y

PMA<15:8> 8-Bit Data

Note 1: PMA<10:2> bits are not available on 28-pin devices.
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FIGURE 18-9: EXAMPLE OF AN 8-BIT MULTIPLEXED ADDRESS AND DATA APPLICATION
PIC24F Parallel Peripheral
PMD<7:0> | (llp| AD<7:0>
PMALL > ALE
PMCS1 »(CS Address Bus —
PMRD > R__D Data Bus —
PMWR > WR Control Lines _
FIGURE 18-10: PARALLEL EEPROM EXAMPLE (UP TO 11-BIT ADDRESS, 8-BIT DATA)
PIC24F Parallel EEPROM
PMA<n:0> P A<n:0>
PMD<7:0> | el | D<7:0>
PMCS1 »|CE Address B
m - E ress bus —
BVWR ~| R Data Bus —
Control Lines E—
FIGURE 18-11: PARALLEL EEPROM EXAMPLE (UP TO 11-BIT ADDRESS, 16-BIT DATA)
PIC24F Parallel EEPROM
PMA<n:0> P | A<n:1>
PMD<7:0> | el | D<7:0>
PMBE > A0
Pﬁ > E Address Bus —
PMRD » OE
I _ Data Bus —
PMWR » WR
Control Lines _—
FIGURE 18-12: LCD CONTROL EXAMPLE (BYTE MODE OPERATION)
PIC24F LCD Controller
PMD<7:0> | ¢ P | D<7:0>
PMAO - RS_
PMRD/PMWR | R/W Address Bus ——
PMCS1 >|E Data Bus —

Control Lines
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EQUATION 21-1:

A/D CONVERSION CLOCK PERIOD!"

ADCS = JAD
Tcy

TAD =Tcy « (ADCS + 1)

Note 1: Based on Tcy = 2 * Tosc, Doze mode and PLL are disabled.

FIGURE 21-2:

10-BIT A/D CONVERTER ANALOG INPUT MODEL

Voo RC<2500  gampling  RSS <5 kO (Typical)
. VT = 0.6V \ , Switeh
Rs ' ANx ' Rss !
s AMA, ! !
1 A I' 1
L e CHoLD
' CPIN —— _ ILEAKAGE - =ADC capacitance
' 6-11pF VT=06V( 4y )1500 nA = 4.4 pF (Typical)
(Typical)
1 vss
Legend: CPIN = Input Capacitance

Note: CPIN value depends on the device package and is not tested. The effect of CPIN is negligible if Rs < 5 kQ.

VT = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to
various junctions

Ric = Interconnect Resistance
Rss = Sampling Switch Resistance
CHOLD = Sample/Hold Capacitance (from DAC)

© 2010 Microchip Technology Inc.
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FIGURE 22-2: INDIVIDUAL COMPARATOR CONFIGURATIONS
Comparator Off
CEN =0, CREF = x, CCH<1:0> = xx
v COE
o—YIN- | '
VIN+ Cx ' &
—+ Off (Read as ‘0) CxOUT
Pin
Comparator CxINB > CxINA Compare Comparator CxINC > CxINA Compare
CEN =1, CREF =0, CCH<1:0> =00 CEN =1, CREF =0, CCH<1:0> =01
COE COE

VIN-
cxiNg [Y——e—N— ,

VIN+ Cx ' _&
CXINA % '—0— + CxOUT

VIN-
CXING [ ——e— — .
_r
Vi | Cx —
OxiNA D= CxOUT

Pin

Pin
Comparator CxIND > CxINA Compare
CEN =1, CREF =0, CCH<1:0> =10

CXIND M—

COE

Cx —/I_&

Comparator CVREF- > CxINA Compare
CEN =1, CREF =0, CCH<1:0> =11

COE

CVREF- —0& —

Cx —/:M

oxina P+ crouT | oxina D—e N CrOUT
Pin Pin
Comparator CxINB > CVREF+ Compare Comparator CxINC > CVREF+ Compare
CEN =1, CREF =1, CCH<1:0> =00 CEN =1, CREF =1, CCH<1:0> =01
VIN COE VIN COE
cxiNg e~ , CxiNG [——e—N ,
, ,
vine || OX ' _& vine |, X ' ‘@
CVREF+ ————e&——— 1+ CxOUT | CVREF+ X * CxouT
Pin Pin
Comparator CxIND > CVREF+ Compare Comparator CVREF- > CVREF+ Compare
CEN =1, CREF =1, CCH<1:0> =10 CEN=1,CREF =1, CCH<1:0>=11
Vi COE Vi COE
CXIND M = ! CVREF- — o YN |~ ,
, , T
VIN+ Cx ' _& VIN+ Cx ' "XI
CVReF+ —————e———\+ CxQUT | CVREF+ —— t CcxouT
Pin Pin
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25.0 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)

PIC24FJ64GA104 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

251 Configuration Bits

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 25-1 through Register 25-6.

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.

25.1.1 CONSIDERATIONS FOR
CONFIGURING PIC24FJ64GA104

FAMILY DEVICES

In PIC24FJ64GA104 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 mem-
ory space, known as the Flash Configuration Words.
Their specific locations are shown in Table 25-1. These
are packed representations of the actual device Config-
uration bits, whose actual locations are distributed
among several locations in configuration space. The
configuration data is automatically 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 pro-
gram 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 25-1: FLASH CONFIGURATION WORD LOCATIONS FOR PIC24FJ64GA104 FAMILY
DEVICES
Configuration Word Addresses
Device
1 2 3 4
PIC24FJ32GA10x 57FEh 57FCh 57FAh 57F8h
PIC24FJ64GA10x ABFEh ABFCh ABFAh ABF8h

© 2010 Microchip Technology Inc.
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26.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

26.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers signifi-
cant advantages over competitive emulators including
low-cost, full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, a rugge-
dized probe interface and long (up to three meters) inter-
connection cables.

26.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

26.10 PICKkit 3 In-Circuit Debugger/
Programmer and
PICKkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICKkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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27.0 INSTRUCTION SET SUMMARY

Note: This chapter is a brief summary of the
PIC24F instruction set architecture, and is
not intended to be a comprehensive
reference source.

The PIC24F instruction set adds many enhancements
to the previous PIC® MCU instruction sets, while main-
taining an easy migration from previous PIC MCU
instruction sets. Most instructions are a single program
memory word. Only three instructions require two
program memory locations.

Each single-word instruction is a 24-bit word divided
into an 8-bit opcode, which specifies the instruction
type and one or more operands, which further specify
the operation of the instruction. The instruction set is
highly orthogonal and is grouped into four basic
categories:

* Word or byte-oriented operations
« Bit-oriented operations

« Literal operations

» Control operations

Table 27-1 shows the general symbols used in
describing the instructions. The PIC24F instruction set
summary in Table 27-2 lists all of the instructions, along
with the status flags affected by each instruction.

Most word or byte-oriented W register instructions
(including barrel shift instructions) have three
operands:

» The first source operand, which is typically a
register ‘Wb’ without any address modifier

* The second source operand, which is typically a
register ‘Ws’ with or without an address modifier

» The destination of the result, which is typically a
register ‘Wd’ with or without an address modifier

However, word or byte-oriented file register instructions
have two operands:

» The file register specified by the value, f

* The destination, which could either be the file
register, ‘f’, or the WO register, which is denoted
as ‘WREG’

Most bit-oriented instructions (including simple
rotate/shift instructions) have two operands:

* The W register (with or without an address
modifier) or file register (specified by the value of
‘Ws’ or f)

» The bit in the W register or file register (specified
by a literal value or indirectly by the contents of
register, ‘Wb’)

The literal instructions that involve data movement may
use some of the following operands:

A literal value to be loaded into a W register or file
register (specified by the value of ‘k’)

» The W register or file register where the literal
value is to be loaded (specified by ‘Wb’ or f)

However, literal instructions that involve arithmetic or
logical operations use some of the following operands:

» The first source operand, which is a register ‘Wb’
without any address modifier

» The second source operand, which is a literal
value

» The destination of the result (only if not the same
as the first source operand), which is typically a
register ‘Wd’ with or without an address modifier

The control instructions may use some of the following
operands:

* A program memory address

* The mode of the table read and table write
instructions

All instructions are a single word, except for certain
double-word instructions, which were made
double-word instructions so that all the required infor-
mation is available in these 48 bits. In the second word,
the 8 MSbs are ‘0’s. If this second word is executed as
an instruction (by itself), it will execute as a NOP.

Most single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles, with the additional instruction cycle(s) executed
as a NOP. Notable exceptions are the BRA (uncondi-
tional/computed branch), indirect CALL/ GOTQ, all table
reads and writes, and RETURN RETFI E instructions,
which are single-word instructions but take two or three
cycles.

Certain instructions that involve skipping over the sub-
sequent instruction require either two or three cycles if
the skip is performed, depending on whether the
instruction being skipped is a single-word or two-word
instruction. Moreover, double-word moves require two
cycles. The double-word instructions execute in two
instruction cycles.

© 2010 Microchip Technology Inc.
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TABLE 28-4: DC CHARACTERISTICS: OPERATING CURRENT (IpD)

Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Parilr:eter Typicalm Max Units Conditions

Operating Current (Ipp)(?
DC21 0.24 0.395 mA -40°C
DC21a 0.25 0.395 mA +25°C

2.0v®
DC21b 0.25 0.395 mA +85°C
DC21f 0.3 0.395 mA +125°C

0.5 MIPS

DC21c 0.44 0.78 mA -40°C
DC21d 0.41 0.78 mA +25°C

3.3v4
DC21e 0.41 0.78 mA +85°C
DC21g 0.6 0.78 mA +125°C
DC20 0.5 0.75 mA -40°C
DC20a 0.5 0.75 mA +25°C

2.0V
DC20b 0.5 0.75 mA +85°C
DC20c 0.6 0.75 mA +125°C

1 MIPS

DC20d 0.75 1.4 mA -40°C
DC20e 0.75 1.4 mA +25°C

3.3v4
DC20f 0.75 1.4 mA +85°C
DC20g 1.0 1.4 mA +125°C
DC23 2.0 3.0 mA -40°C
DC23a 2.0 3.0 mA +25°C

2.0v®
DC23b 2.0 3.0 mA +85°C
DC23c 24 3.0 mA +125°C

4 MIPS

DC23d 29 4.2 mA -40°C
DC23e 29 4.2 mA +25°C

3.3v4
DC23f 29 42 mA +85°C
DC23g 3.5 4.2 mA +125°C

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

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /O pin
loading and switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption. The test conditions for all IDD measurements are as follows: OSCI driven
with external square wave from rail to rail. All I/O pins are configured as inputs and pulled to VDD.

MCLR = VbD; WDT and FSCM are disabled. CPU, SRAM, program memory and data memory are
operational. No peripheral modules are operating and all of the Peripheral Module Disable (PMD) bits are set.

3: On-chip voltage regulator is disabled (DISVREG is tied to VDD).

4: On-chip voltage regulator is enabled (DISVREG is tied to Vss). Low-Voltage Detect (LVD) and Brown-out
Detect (BOD) are enabled.
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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
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NOTE 1
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— D —
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A1 —

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 1130 .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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