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Welcome to E-XFL.COM

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

PIC

16-Bit

32MHz

12C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
35

32KB (11K x 24)

FLASH

8K x 8

2V ~ 3.6V

A/D 13x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-VQFN Exposed Pad
44-QFN (8x8)
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MICROCHIP

PIC24FJ64GA104 FAMILY

28/44-Pin, 16-Bit General Purpose Flash Microcontrollers
with nanoWatt XLP Technology

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

- Idle 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

High-Performance CPU:

* Modified Harvard Architecture
» Up to 16 MIPS Operation @ 32 MHz
* 8 MHz Internal Oscillator with:
- 4x PLL option
- 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

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 I/O pins

Special Microcontroller Features
(continued):

* 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

Analog Features:

« 10-Bit, up to 13-Channel Analog-to-Digital (A/D)
Converter:
- 500 ksps conversion rate
- Conversion available during Sleep and Idle
* Three Analog Comparators with Programmable
Input/Output Configuration
» Charge Time Measurement Unit (CTMU):
- Supports capacitive touch sensing for touch
screens and capacitive switches
- Provides high-resolution time measurement and
simple temperature sensing

> Remappable Peripherals
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PIC24FJ64GA104 FAMILY

TABLE 1-1: DEVICE FEATURES FOR THE PIC24FJ64GA104 FAMILY
Features PIC24FJ32GA102 | PIC24FJ64GA102 ‘ PIC24FJ32GA104 |PIC24FJ64GA104

Operating Frequency DC - 32 MHz

Program Memory (bytes) 32K 64K 32K 64K
Program Memory (instructions) 11,008 22,016 11,008 22,016
Data Memory (bytes) 8,192

Interrupt Sources (soft vectors/ 45 (41/4)

NMI traps)

1/0 Ports Ports A and B Ports A, B, C

Total I/O Pins 21 35
Remappable Pins 16 26

Timers:

Total Number (16-bit) 5(1)

32-Bit (from paired 16-bit timers) 2

Input Capture Channels 5(1)

Output Compare/PWM Channels 5(1)

Input Change Notification Interrupt 21 31

Serial Communications:

UART 2

SPI (3-wire/4-wire) 20

[2c 2

Parallel Communications (PMP/PSP) Yes

JTAG Boundary Scan Yes

10-Bit Analog-to-Digital Module 10 13

(input channels)

Analog Comparators 3

CTMU Interface Yes

Resets (and delays)

POR, BOR, RESET Instruction, MCLR, WDT; lllegal Opcode,
REPEAT Instruction, Hardware Traps, Configuration Word Mismatch
(PWRT, OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

28-Pin QFN, SOIC, SSOP and SPDIP 44-Pin QFN and TQFP

Note 1:

Peripherals are accessible through remappable pins.

© 2010 Microchip Technology Inc.
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REGISTER 3-2: CORCON: CPU CONTROL REGISTER

uU-0 uU-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 R/C-0 R/W-0 U-0 U-0
— — — — 1PL3(M) PSV — —
bit 7 bit 0
Legend: C = Clearable 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 15-4 Unimplemented: Read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit(")

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

bit 2 PSV: Program Space Visibility in Data Space Enable bit
1 = Program space visible in data space
0 = Program space not visible in data space

bit 1-0 Unimplemented: Read as ‘0’

Note 1: User interrupts are disabled when IPL3 = 1.

3.3 Arithmetic Logic Unit (ALU) The PIC24F CPU incorporates hardware support for
both multiplication and division. This includes a
dedicated hardware multiplier and support hardware
for 16-bit divisor division.

The PIC24F ALU is 16 bits wide and is capable of addi-
tion, subtraction, bit shifts and logic operations. Unless
otherwise mentioned, arithmetic operations are 2’s
complement in nature. Depending on the operation, the 3.3.1 MULTIPLIER
ALU may affect the values of the Carry (C), Zero (2), . . . .
Negativey (N), Overflow (OV) and Driéit( C)Jarry (IZ()C)) The ALU contains a high-speed, 17-bit x 17-bit
Status bits in the SR register. The C and DC Status bits multiplier. It supports unsigned, signed or mixed sign
operate as Borrow and Digit Borrow bits, respectively, operation in several multiplication modes:

for subtraction operations. 16-bit x 16-bit signed

16-bit x 16-bit unsigned

16-bit signed x 5-bit (literal) unsigned

16-bit unsigned x 16-bit unsigned

16-bit unsigned x 5-bit (literal) unsigned

16-bit unsigned x 16-bit signed

8-bit unsigned x 8-bit unsigned

The ALU can perform 8-bit or 16-bit operations,
depending on the mode of the instruction that is used.
Data for the ALU operation can come from the W
register array, or data memory, depending on the
addressing mode of the instruction. Likewise, output
data from the ALU can be written to the W register array
or a data memory location.

Noogkrwbd-=
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6.2.1 POR AND LONG OSCILLATOR
START-UP TIMES

The oscillator start-up circuitry and its associated delay
timers are not linked to the device Reset delays that
occur at power-up. Some crystal circuits (especially
low-frequency crystals) will have a relatively long
start-up time. Therefore, one or more of the following
conditions is possible after SYSRST is released:

» The oscillator circuit has not begun to oscillate.

* The Oscillator Start-up Timer has not expired (if a
crystal oscillator is used).

* The PLL has not achieved a lock (if PLL is used).

The device will not begin to execute code until a valid
clock source has been released to the system. There-
fore, the oscillator and PLL start-up delays must be
considered when the Reset delay time must be known.

6.2.2 FAIL-SAFE CLOCK MONITOR
(FSCM) AND DEVICE RESETS

If the FSCM is enabled, it will begin to monitor the
system clock source when SYSRST is released. If a
valid clock source is not available at this time, the
device will automatically switch to the FRC Oscillator
and the user can switch to the desired crystal oscillator
in the Trap Service Routine (TSR).

6.3 Special Function Register Reset
States

Most of the Special Function Registers (SFRs) associ-
ated with the PIC24F CPU and peripherals are resetto a
particular value at a device Reset. The SFRs are
grouped by their peripheral or CPU function and their
Reset values are specified in each section of this manual.

The Reset value for each SFR does not depend on the
type of Reset with the exception of four registers. The
Reset value for the Reset Control register, RCON, will
depend on the type of device Reset. The Reset value
for the Oscillator Control register, OSCCON, will
depend on the type of Reset and the programmed
values of the FNOSC bits in Flash Configuration
Word 2 (CW2); see Table 6-2. The RCFGCAL and
NVMCON registers are only affected by a POR.

6.4 Deep Sleep BOR (DSBOR)

Deep Sleep BOR is a very low-power BOR circuitry,
used when the device is in Deep Sleep mode. Due to
low-current consumption, accuracy may vary.

The DSBOR trip point is around 2.0V. DSBOR is
enabled by configuring CW4 (DSBOREN) = 1. DSBOR
will re-arm the POR to ensure the device will reset if VDD
drops below the POR threshold.

© 2010 Microchip Technology Inc.

DS39951C-page 63



PIC24FJ64GA104 FAMILY

9.3 Doze Mode

Generally, changing clock speed and invoking one of
the power-saving modes are the preferred strategies
for reducing power consumption. There may be
circumstances, however, where this is not practical. For
example, it may be necessary for an application to
maintain uninterrupted synchronous communication,
even while it is doing nothing else. Reducing system
clock speed may introduce communication errors,
while using a power-saving mode may stop
communications completely.

Doze mode is a simple and effective alternative method
to reduce power consumption while the device is still
executing code. In this mode, the system clock contin-
ues to operate from the same source and at the same
speed. Peripheral modules continue to be clocked at
the same speed while the CPU clock speed is reduced.
Synchronization between the two clock domains is
maintained, allowing the peripherals to access the
SFRs while the CPU executes code at a slower rate.

Doze mode is enabled by setting the DOZEN bit
(CLKDIV<11>). The ratio between peripheral and core
clock speed is determined by the DOZE<2:0> bits
(CLKDIV<14:12>). There are eight possible
configurations, from 1:1 to 1:128, with 1:1 being the
default.

It is also possible to use Doze mode to selectively
reduce power consumption in event driven applica-
tions. This allows clock-sensitive functions, such as
synchronous communications, to continue without
interruption while the CPU Idles, waiting for something
to invoke an interrupt routine. Enabling the automatic
return to full-speed CPU operation on interrupts is
enabled by setting the ROI bit (CLKDIV<15>). By
default, interrupt events have no effect on Doze mode
operation.

9.4 Selective Peripheral Module
Control

Idle and Doze modes allow users to substantially
reduce power consumption by slowing or stopping the
CPU clock. Even so, peripheral modules still remain
clocked, and thus, consume power. There may be
cases where the application needs what these modes
do not provide: the allocation of power resources to
CPU processing with minimal power consumption from
the peripherals.

PIC24F devices address this requirement by allowing
peripheral modules to be selectively disabled, reducing
or eliminating their power consumption. This can be
done with two control bits:

* The Peripheral Enable bit, generically named
“XXXEN”, located in the module’s main control
SFR.

* The Peripheral Module Disable (PMD) bit,
generically named “XXXMD?”, located in one of the
PMD Control registers.

Both bits have similar functions in enabling or disabling
its associated module. Setting the PMD bit for a module
disables all clock sources to that module, reducing its
power consumption to an absolute minimum. In this
state, the control and status registers associated with
the peripheral will also be disabled, so writes to those
registers will have no effect and read values will be
invalid. Many peripheral modules have a corresponding
PMD bit.

In contrast, disabling a module by clearing its XXXEN bit
disables its functionality, but leaves its registers available
to be read and written to. This reduces power consump-
tion, but not by as much as setting the PMD bit does.
Most peripheral modules have an enable bit; exceptions
include input capture, output compare and RTCC.

To achieve more selective power savings, peripheral
modules can also be selectively disabled when the
device enters Idle mode. This is done through the
control bit of the generic name format, “XXXIDL”. By
default, all modules that can operate during Idle mode
will do so. Using the disable on Idle feature allows
further reduction of power consumption during Idle
mode, enhancing power savings for extremely critical
power applications.

© 2010 Microchip Technology Inc.
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REGISTER 12-1: TxCON: TIMER2 AND TIMER4 CONTROL REGISTER(®)

R/W-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0
TON — TSIDL — — — — —
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 u-0
= TGATE TCKPS1 TCKPSO T32(1) — TCS@ —
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 TON: Timerx On bit
When TxCON<3> = 1:
1 = Starts 32-bit Timerx/y
0 = Stops 32-bit Timerx/y
When TxCON<3> = 0:
1 = Starts 16-bit Timerx
0 = Stops 16-bit Timerx
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timerx Gated Time Accumulation Enable bit
When TCS = 1:
This bit is ignored.
When TCS = o:
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled
bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 =1:256
10 = 1:64
01=1:8
00=1:1
bit 3 T32: 32-Bit Timer Mode Select bit(!)
1 = Timerx and Timery form a single 32-bit timer
0 = Timerx and Timery act as two 16-bit timers
In 32-bit mode, T3CON control bits do not affect 32-bit timer operation.
bit 2 Unimplemented: Read as ‘0’
bit 1 TCS: Timerx Clock Source Select bit(?)
1 = External clock from pin, TxCK (on the rising edge)
0 = Internal clock (Fosc/2)
bit 0 Unimplemented: Read as ‘0’
Note 1: In 32-bit mode, the T3CON or T5CON control bits do not affect 32-bit timer operation.
2: If TCS =1, RPINRXx (TxCK) must be configured to an available RPn pin. For more information, see
Section 10.4 “Peripheral Pin Select (PPS)”.
3: Changing the value of TXCON while the timer is running (TON = 1) causes the timer prescale counter to

reset and is not recommended.

DS39951C-page 148 © 2010 Microchip Technology Inc.
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16.0 INTER-INTEGRATED CIRCUIT
(12c™)

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 24. “Inter-Integrated Circuit™

(12c™)” (DS39702).

The Inter-Integrated Circuit (1°C) module is a serial
interface useful for communicating with other peripheral
or microcontroller devices. These peripheral devices
may be serial EEPROMSs, display drivers, A/D
Converters, etc.

The 1°C module supports these features:

* Independent master and slave logic
» 7-bit and 10-bit device addresses
« General call address as defined in the 1°C protocol

+ Clock stretching to provide delays for the
processor to respond to a slave data request

» Both 100 kHz and 400 kHz bus specifications.
» Configurable address masking

* Multi-Master modes to prevent loss of messages
in arbitration

» Bus Repeater mode, allowing the acceptance of
all messages as a slave regardless of the address

» Automatic SCL
A block diagram of the module is shown in Figure 16-1.

16.1 Communicating as a Master in a
Single Master Environment

The details of sending a message in Master mode
depends on the communications protocol for the device
being communicated with. Typically, the sequence of
events is as follows:

1. Assert a Start condition on SDAx and SCLx.

2. Send the I2C device address byte to the slave
with a write indication.

3. Wait for and verify an Acknowledge from the
slave.

4. Send the first data byte (sometimes known as
the command) to the slave.

5. Wait for and verify an Acknowledge from the

slave.

6. Send the serial memory address low byte to the
slave.

7. Repeat steps 4 and 5 until all data bytes are
sent.

8. Assert a Repeated Start condition on SDAx and
SCLx.

9. Send the device address byte to the slave with
a read indication.

10. Wait for and verify an Acknowledge from the
slave.

11. Enable master reception to receive serial
memory data.

12. Generate an ACK or NACK condition at the end
of a received byte of data.

13. Generate a Stop condition on SDAx and SCLx.

© 2010 Microchip Technology Inc.
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17.0 UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER
(UART)

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 21. “UART” (DS39708).

The Universal Asynchronous Receiver Transmitter
(UART) module is one of the serial /O modules available
in the PIC24F device family. The UART is a full-duplex,
asynchronous system that can communicate with
peripheral devices, such as personal computers,
LIN/J2602, RS-232 and RS-485 interfaces. The module
also supports a hardware flow control option with the
UxCTS and UxRTS pins, and also includes an IrDA®
encoder and decoder.

The primary features of the UART module are:

* Full-Duplex, 8 or 9-Bit Data Transmission through
the UxTX and UxRX pins

» Even, Odd or No Parity Options (for 8-bit data)

* One or Two Stop bits

» Hardware Flow Control Option with UxCTS and
UxRTS pins

* Fully Integrated Baud Rate Generator with 16-Bit
Prescaler

» Baud Rates Ranging from 1 Mbps to 15 bps at
16 MIPS

» 4-Deep, First-In-First-Out (FIFO) Transmit Data
Buffer

» 4-Deep FIFO Receive Data Buffer
* Parity, Framing and Buffer Overrun Error Detection
» Support for 9-Bit mode with Address Detect
(9th bit = 1)
* Transmit and Receive Interrupts
» Loopback mode for Diagnostic Support
» Support for Sync and Break Characters
» Supports Automatic Baud Rate Detection
 IrDA Encoder and Decoder Logic
» 16x Baud Clock Output for IrDA Support
A simplified block diagram of the UART is shown in
Figure 17-1. The UART module consists of these key
important hardware elements:
» Baud Rate Generator
» Asynchronous Transmitter
» Asynchronous Receiver

FIGURE 17-1: UART SIMPLIFIED BLOCK DIAGRAM

Baud Rate Generator

— IrDA®

—®| Hardware Flow Control

> UARTX Receiver -

<] UXRTS/BCLKx
[X] UxCTS

X UxRX

P UARTX Transmitter

Note: The UART inputs and outputs must all be assigned to available RPn pins before use. Please see
Section 10.4 “Peripheral Pin Select (PPS)” for more information.

-D<] UXTX

© 2010 Microchip Technology Inc.
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REGISTER 18-1: PMCON: PARALLEL PORT CONTROL REGISTER

R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMPEN — PSIDL | ADRMUX1™ | ADRMUX0™M | PTBEEN PTWREN PTRDEN
bit 15 bit 8
R/W-0 R/W-0 R/W-0() u-0 R/W-0() R/W-0 R/W-0 R/W-0
CSF1 CSFO ALP — CS1P BEP WRSP RDSP
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 PMPEN: Parallel Master Port Enable bit

1= PMP is enabled
0 = PMP is disabled, no off-chip access performed
bit 14 Unimplemented: Read as ‘0’
bit 13 PSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-11 ADRMUX<1:0>: Address/Data Multiplexing Selection bits(")

11 = Reserved
10 = All 16 bits of address are multiplexed on PMD<7:0> pins
01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins; upper 3 bits are multiplexed on

PMA<10:8>
00 = Address and data appear on separate pins
bit 10 PTBEEN: Byte Enable Port Enable bit (16-Bit Master mode)

1 = PMBE port is enabled
0 = PMBE port is disabled
bit 9 PTWREN: Write Enable Strobe Port Enable bit
1 = PMWR/PMENB port is enabled
0 = PMWR/PMENB port is disabled
bit 8 PTRDEN: Read/Write Strobe Port Enable bit
1 = PMRD/PMWR port is enabled
0 = PMRD/PMWR port is disabled
bit 7-6 CSF<1:0>: Chip Select Function bits
11 = Reserved
10 = PMCSH1 functions as chip set
01 = Reserved
00 = Reserved
bit 5 ALP: Address Latch Polarity bit(2)
1 = Active-high (PMALL and PMALH)
0 = Active-low (PMALL and PMALH)
bit 4 Unimplemented: Read as ‘0’
bit 3 CS1P: Chip Select 1 Polarity bit(®

1 = Active-high (PMCS1/PMCS1)
0 = Active-low (PMCS1/PMCS1)

Note 1: PMA<10:2> bits are not available on 28-pin devices.
2: These bits have no effect when their corresponding pins are used as address lines.

DS39951C-page 192 © 2010 Microchip Technology Inc.
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FIGURE 18-5: MASTER MODE, PARTIALLY MULTIPLEXED ADDRESSING (SEPARATE READ
AND WRITE STROBES, SINGLE CHIP SELECT)
PIC24F — <] Pria<io:s>
<] puacrios
4@ PMCS1
4@ PMALL Address Bus —
Multiplexed —
4@ PMRD Data and
Address Bus
4@ PMWR Control Lines
FIGURE 18-6: MASTER MODE, FULLY MULTIPLEXED ADDRESSING (SEPARATE READ AND
WRITE STROBES, SINGLE CHIP SELECT)
PMD<7:0>
Pezar [P
4& PMCS1
4& PMALL
4& PMALH
Multiplexed —
4|X| PMRD Data and
Address Bus
4% PMWR Control Lines
FIGURE 18-7: EXAMPLE OF A MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> |« p| 373 A0 > A<15:0>
PMALL D<7:0>
<<t : el D<7:0>
CE
A<15:8>
PMALH i i
PMCS1 Address Bus —
PMRD Data Bus —
PMWR Control Lines —
FIGURE 18-8: EXAMPLE OF A PARTIALLY MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> | P 7 e aci00>
PMALL I D<7:0>
P D<7:0>
PMA<10:8> AS10:87 |—> CE
PMCS1 OE  WR| Address Bus —
PMRD * A Data Bus ——
PMWR Control Lines _—

© 2010 Microchip Technology Inc. DS39951C-page 199
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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

DS39951C-page 200
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REGISTER 19-3: ALCFGRPT: ALARM CONFIGURATION REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ALRMEN | CHIME | AMASK3 | AMASK2 | AMASK1 | AMASKO | ALRMPTR1 | ALRMPTRO
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
ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO
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 ALRMEN: Alarm Enable bit
1= Alarm is enabled (cleared automatically after an alarm event whenever ARPT<7:0> = 00h and
CHIME = 0)
0 = Alarm is disabled
bit 14 CHIME: Chime Enable bit

1 = Chime is enabled; ARPT<7:0> bits are allowed to roll over from 00h to FFh
0 = Chime is disabled; ARPT<7:0> bits stop once they reach 00h
bit 13-10 AMASK<3:0>: Alarm Mask Configuration bits
0000 = Every half second
0001 = Every second
0010 = Every 10 seconds
0011 = Every minute
0100 = Every 10 minutes
0101 = Every hour
0110 = Once a day
0111 = Once a week
1000 = Once a month
1001 = Once a year (except when configured for February 291, once every 4 years)
101x = Reserved; do not use
11xx = Reserved; do not use

bit 9-8 ALRMPTR<1:0>: Alarm Value Register Window Pointer bits

Points to the corresponding Alarm Value registers when reading the ALRMVALH and ALRMVALL registers.
The ALRMPTR<1:0> value decrements on every read or write of ALRMVALH until it reaches ‘00’.
ALRMVAL<15:8>:

00 = ALRMMIN

01 = ALRMWD

10 = ALRMMNTH

11 = Unimplemented

ALRMVAL<7:0>:

00 = ALRMSEC

01 = ALRMHR

10 = ALRMDAY

11 = Unimplemented

bit 7-0 ARPT<7:0>: Alarm Repeat Counter Value bits
11111111 = Alarm will repeat 255 more times

00000000 = Alarm will not repeat
The counter decrements on any alarm event; it is prevented from rolling over from 00h to FFh unless
CHIME = 1.
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NOTES:

DS39951C-page 212 © 2010 Microchip Technology Inc.



PIC24FJ64GA104 FAMILY

REGISTER 22-1: CMxCON: COMPARATOR x CONTROL REGISTERS

(COMPARATORS 1 THROUGH 3)

R/W-0 R/W-0 R/W-0 uU-0 U-0 u-0 R/W-0 R-0
CEN COE | cpPoL - | = — CEVT couTt
bit 15 bit 8
R/W-0 R/W-0 u-0 R/W-0 u-0 u-0 R/W-0 R/W-0
EVPOLA1 EVPOLO — CREF — — CCH1 CCHO
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 CEN: Comparator Enable bit
1 = Comparator is enabled
0 = Comparator is disabled
bit 14 COE: Comparator Output Enable bit
1 = Comparator output is present on the CxOUT pin.
0 = Comparator output is internal only
bit 13 CPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 12-10 Unimplemented: Read as ‘0’
bit 9 CEVT: Comparator Event bit
1 = Comparator event defined by EVPOL<1:0> has occurred; subsequent triggers and interrupts are
disabled until the bit is cleared
0 = Comparator event has not occurred
bit 8 COUT: Comparator Output bit
When CPOL = o:
1= VIN+ > VIN-
0 = VIN+ < VIN-
When CPOL = 1:
1= VIN+ < VIN-
0 = VIN+ > VIN-
bit 7-6 EVPOL<1:0>: Trigger/Event/Interrupt Polarity Select bits
11 = Trigger/event/interrupt generated on any change of the comparator output (while CEVT = 0)
10 = Trigger/event/interrupt generated on transition of the comparator output:
If CPOL = 0 (non-inverted polarity):
High-to-low transition only.
If CPOL = 1 (inverted polarity):
Low-to-high transition only.
01 = Trigger/event/interrupt generated on transition of comparator output:
If CPOL = 0 (non-inverted polarity):
Low-to-high transition only.
If CPOL = 1 (inverted polarity):
High-to-low transition only.
00 = Trigger/event/interrupt generation is disabled
bit 5 Unimplemented: Read as ‘0’
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24.2 Measuring Time

Time measurements on the pulse width can be similarly
performed using the A/D module’s internal capacitor
(CaD) and a precision resistor for current calibration.
Figure 24-2 shows the external connections used for
time measurements, and how the CTMU and A/D
modules are related in this application. This example
also shows both edge events coming from the external
CTEDG pins, but other configurations using internal
edge sources are possible. For the smallest time
measurements, select the internal A/D Channel 31,
CHOSx <4:0>=11111. This minimizes any stray capac-
itance that may otherwise be associated with using an
input pin, thus keeping the total capacitance to that of the
A/D Converter itself (4-5 pF). A detailed discussion on
measuring capacitance and time with the CTMU module
is provided in the “PIC24F Family Reference Manual’.

24.3 Pulse Generation and Delay

The CTMU module can also generate an output pulse
with edges that are not synchronous with the device’s sys-
tem clock. More specifically, it can generate a pulse with
a programmable delay from an edge event input to the
module.

FIGURE 24-2:
MEASUREMENT

When the module is configured for pulse generation
delay by setting the TGEN bit (CTMUCON<12>), the
internal current source is connected to the B input of
Comparator 2. A capacitor (CDELAY) is connected to
the Comparator 2 pin, C2INB, and the comparator volt-
age reference, CVREF, is connected to C2INA. CVREF
is then configured for a specific trip point. The module
begins to charge CDELAY when an edge event is
detected. When CDELAY charges above the CVREF trip
point, a pulse is output on CTPLS. The length of the
pulse delay is determined by the value of CDELAY and
the CVREF trip point.

Figure 24-3 shows the external connections for pulse
generation, as well as the relationship of the different
analog modules required. While CTEDGH1 is shown as
the input pulse source, other options are available. A
detailed discussion on pulse generation with the CTMU
module is provided in the “PIC24F Family Reference
Manual”.

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR TIME

RPR

|
[ CTEDG1 [X—— 1 EDGH |
|
[ crmepe2 [X——+ EpG2 |

ANXx |

PIC24F Device

Current Source

FIGURE 24-3:
DELAY GENERATION

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE

_ Il crepet [X——F» EDGT

clesj!ii

CDELAY
— ' CVREF

PIC24F Device

Current Source

Comparator

————{X] cTPLS L
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REGISTER 25-4: CW4: FLASH CONFIGURATION WORD 4

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1
bit 23 bit 16
U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1
bit 15 bit 8
R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1
DSWDTEN | DSBOREN RTCOSC |DSWDTOSC | DSWDTPS3 | DSWDTPS2 | DSWDTPS1 | DSWDTPSO0
bit 7 bit 0
Legend:
R = Readable bit PO = Program Once bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed 1’ = Bit is set ‘0’ = Bit is cleared
bit 23-8 Unimplemented: Read as ‘1’
bit 7 DSWDTEN: Deep Sleep Watchdog Timer Enable bit

1 = DSWDT is enabled
0 = DSWDT is disabled

bit 6 DSBOREN: Deep Sleep BOR Enable bit

1 =BOR s enabled in Deep Sleep
0 = BOR is disabled in Deep Sleep (does not affect Sleep mode)

bit 5 RTCOSC: RTCC Reference Clock Select bit

1 = RTCC uses SOSC as reference clock
0 = RTCC uses LPRC as reference clock

bit 4 DSWDTOSC: DSWDT Reference Clock Select bit

1 = DSWDT uses LPRC as reference clock
0 = DSWDT uses SOSC as reference clock
bit 3-0 DSWDTPS<3:0>: DSWDT Postscale select bits
The DSWDT prescaler is 32; this creates an approximate base time unit of 1 ms.
1111 =1:2,147,483,648 (25.7 days)
1110 =1:536,870,912 (6.4 days)
1101 =1:134,217,728 (38.5 hours)
1100 = 1:33,554,432 (9.6 hours)
1011 = 1:8,388,608 (2.4 hours)
1010 = 1:2,097,152 (36 minutes)
1001 = 1:524,288 (9 minutes)
1000 =1:131,072 (135 seconds)
0111 = 1:32,768 (34 seconds)
0110 = 1:8,192 (8.5 seconds)
0101 =1:2,048 (2.1 seconds)
0100 = 1:512 (528 ms)
0011 =1:128 (132 ms)
0010 = 1:32 (33 ms)
0001 = 1:8 (8.3 ms)
0000 =1:2 (2.1 ms)
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REGISTER 25-5: DEVID: DEVICE ID REGISTER

U U U U U U U U
- - | - - [ - - | - | -
bit 23 bit 16
R R R R R R R R
FAMID7 | FAMID6 | FAMID5 | FAMID4 | FAMID3 | FAMID2 | FAMID1 [ FAMIDO
bit 15 bit 8
R R R R R R R R
DEV7 | DEVve | DEVS | DEv4 | DEV3 | DEV2 | DEVI [ DEVO
bit 7 bit 0
Legend: R =Read-Only bit U = Unimplemented bit

bit 23-16 Unimplemented: Read as ‘1’

bit 15-8 FAMID<7:0>: Device Family Identifier bits
01000010 = PIC24FJ64GA104 family
bit 7-0 DEV<7:0>: Individual Device Identifier bits

00000010 = PIC24FJ32GA102
00000110 = PIC24FJ64GA102
00001010 = PIC24FJ32GA104
00001110 = PIC24FJ64GA104

REGISTER 25-6: DEVREV: DEVICE REVISION REGISTER

U U ] U ] U U U
- - - - | - | - | - | -
bit 23 bit 16
U U U U U U U U
= = = = = = =
bit 15 bit 8
U U U U R R R R
— | — | — | — ] Reva | REV2Z [ REVI | REVO
bit 7 bit 0
Legend: R = Read-only bit U = Unimplemented bit
bit 23-4 Unimplemented: Read as ‘0’
bit 3-0 REV<3:0>: Minor Revision Identifier bits

Encodes revision number of the device (sequential number only; no major/minor fields).
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25.3.1 WINDOWED OPERATION

The Watchdog Timer has an optional Fixed Window
mode of operation. In this Windowed mode, CLRWDT
instructions can only reset the WDT during the last 1/4
of the programmed WDT period. A CLRADT instruction
is executed before that window causes a WDT Reset;
this is similar to a WDT time-out.

Windowed WDT mode is enabled by programming the
WINDIS Configuration bit (CW1<6>) to ‘0’.

FIGURE 25-2: WDT BLOCK DIAGRAM

25.3.2 CONTROL REGISTER

The WDT is enabled or disabled by the FWDTEN
Configuration bit. When the FWDTEN Configuration bit
is set, the WDT is always enabled.

The WDT can be optionally controlled in software when
the FWDTEN Configuration bit has been programmed
to ‘0’. The WDT is enabled in software by setting the
SWDTEN control bit (RCON<5>). The SWDTEN
control bit is cleared on any device Reset. The WDT
software option allows the user to enable the WDT for
critical code segments, and disable the WDT during
non-critical segments, for maximum power savings.

WDTEN
|S:WDTEN j" LPRC Control

—_D—> Wake From Sleep

WDTPS<3:0>
|

FWPSA
|
E Prescaler _ WDT
LPRC Input (5-bit/7-bit) | Counter

o | Postscaler [
" 1:1t0 1:32.768 >_qID—>WDT Overflow

Reset
A

31 kHz A 1 ms/4 ms

All Device Resets
Transition to
New Clock Source
Exit Sleep or
Idle Mode
CLRWDT Instr.

PVWRSAV Instr. i> ¢

Sleep or Idle Mode

25.4 Deep Sleep Watchdog Timer
(DSWDT)

PIC24FJ64GA104 family devices have both a WDT
module and a DSWDT module. The latter runs, if
enabled, when a device is in Deep Sleep and is driven
by either the SOSC or LPRC Oscillator. The clock
source is selected by the DSWDTOSC (CW4<4>)
Configuration bit.

The DSWDT can be configured to generate a time-out
at 2.1 ms to 25.7 days by selecting the respective
postscaler.The postscaler can be selected by the
Configuration bits, DSWDTPS<3:0> (CW4<3:0>).
When the DSWDT is enabled, the clock source is also
enabled. DSWDT is one of the sources that can wake
the device from Deep Sleep mode.

25.5 Program Verification and
Code Protection

PIC24FJ64GA104 family devices provide two compli-
mentary methods to protect application code from
overwrites and erasures. These also help to protect the
device from inadvertent configuration changes during
run time.

25.5.1 GENERAL SEGMENT PROTECTION

For all devices in the PIC24FJ64GA104 family, the
on-chip program memory space is treated as a single
block, known as the General Segment (GS). Code pro-
tection for this block is controlled by one Configuration
bit, GCP. This bit inhibits external reads and writes to
the program memory space. It has no direct effect in
normal execution mode.

Write protection is controlled by the GWRP bit in the
Configuration Word. When GWRP is programmed to
‘0’, internal write and erase operations to program
memory are blocked.
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TABLE 27-1: SYMBOLS USED IN OPCODE DESCRIPTIONS

Field Description
#text Means literal defined by “t ext ”
(text) Means “content of t ext”
[text] Means “the location addressed by t ext ”
{} Optional field or operation
<n:m> Register bit field
.b Byte mode selection
.d Double-Word mode selection
.S Shadow register select
W Word mode selection (default)
bit4 4-bit bit selection field (used in word addressed instructions) € {0...15}
C,DC,N,QV, Z MCU Status bits: Carry, Digit Carry, Negative, Overflow, Sticky Zero
Expr Absolute address, label or expression (resolved by the linker)
f File register address € {0000h...1FFFh}
lit1 1-bit unsigned literal € {0,1}
lit4 4-bit unsigned literal € {0...15}
lits 5-bit unsigned literal € {0...31}
lit8 8-bit unsigned literal € {0...255}
lit10 10-bit unsigned literal € {0...255} for Byte mode, {0:1023} for Word mode
lit14 14-bit unsigned literal € {0...16383}
lit16 16-bit unsigned literal € {0...65535}
lit23 23-bit unsigned literal € {0...8388607}; LSB must be ‘0’
None Field does not require an entry, may be blank
PC Program Counter
Slit10 10-bit signed literal € {-512...511}
Slit16 16-bit signed literal € {-32768...32767}
Slit6 6-bit signed literal € {-16...16}
Wb Base W register € {W0..W15}
Wd Destination W register e { Wd, [Wd], [Wd++], [Wd--], [++W(d], [--Wd] }
Wdo Destination W register

{Wnd, [Wnd], [Wnd++], [Wnd--], [++Wnd], [--Wnd], [Wnd+Wb] }

Wm,Wn Dividend, Divisor working register pair (direct addressing)
Wn One of 16 working registers € {W0..W15}
Wnd One of 16 destination working registers € {W0..W15}
Wns One of 16 source working registers € {W0..W15}
WREG WO (working register used in file register instructions)
Ws Source W register € { Ws, [Ws], [Ws++], [Ws--], [++Ws], [--Ws] }
Wso Source W register € { Wns, [Wns], [Wns++], [Wns--], [++Wns], [--Wns], [Wns+Wb] }
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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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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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