
Microchip Technology - PIC24FJ64GA204-E/PT Datasheet

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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC24FJ128GA204 FAMILY

4.2.2 DATA MEMORY ORGANIZATION 

AND ALIGNMENT
To maintain backward compatibility with PIC® MCUs
and improve Data Space memory usage efficiency, the
PIC24F instruction set supports both word and byte
operations. As a consequence of byte accessibility, all
Effective Address (EA) calculations are internally
scaled to step through word-aligned memory. For
example, the core recognizes that Post-Modified Reg-
ister Indirect Addressing mode [Ws++] will result in a
value of Ws + 1 for byte operations and Ws + 2 for word
operations.

Data byte reads will read the complete word, which
contains the byte, using the LSB of any EA to deter-
mine which byte to select. The selected byte is placed
onto the LSB of the data path. That is, data memory
and registers are organized as two parallel, byte-wide
entities with shared (word) address decode but
separate write lines. Data byte writes only write to the
corresponding side of the array or register which
matches the byte address. 

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word
operations or translating from 8-bit MCU code. If a
misaligned read or write is attempted, an address error
trap will be generated. If the error occurred on a read,
the instruction underway is completed; if it occurred on
a write, the instruction will be executed but the write will
not occur. In either case, a trap is then executed, allow-
ing the system and/or user to examine the machine
state prior to execution of the address Fault.

All byte loads into any W register are loaded into the
LSB. The Most Significant Byte (MSB) is not modified.

A Sign-Extend (SE) instruction is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSB of any W register by executing a
Zero-Extend (ZE) instruction on the appropriate
address.

Although most instructions are capable of operating on
word or byte data sizes, it should be noted that some
instructions operate only on words.

4.2.3 NEAR DATA SPACE
The 8-Kbyte area between 0000h and 1FFFh is
referred to as the Near Data Space. Locations in this
space are directly addressable via a 13-bit absolute
address field within all memory direct instructions. The
remainder of the Data Space is addressable indirectly.
Additionally, the whole Data Space is addressable
using MOV instructions, which support Memory Direct
Addressing with a 16-bit address field.

4.2.4 SPECIAL FUNCTION REGISTER 
(SFR) SPACE

The first 2 Kbytes of the Near Data Space, from 0000h
to 07FFh, are primarily occupied with Special Function
Registers (SFRs). These are used by the PIC24F core
and peripheral modules for controlling the operation of
the device. 

SFRs are distributed among the modules that they con-
trol and are generally grouped together by the module.
Much of the SFR space contains unused addresses;
these are read as ‘0’. A diagram of the SFR space,
showing where the SFRs are actually implemented, is
shown in Table 4-2. Each implemented area indicates a
32-byte region where at least one address is imple-
mented as an SFR. A complete list of implemented
SFRs, including their addresses, is shown in Tables 4-3
through 4-32.

TABLE 4-2: IMPLEMENTED REGIONS OF SFR DATA SPACE
SFR Space Address

xx00 xx20 xx40 xx60 xx80 xxA0 xxC0 xxE0

000h Core ICN Interrupts
100h System NVM/RTCC PMP CRC PMD I/O Crypto
200h A/D/CTMU CMP TMR OC IC I2C™/DSM
300h SPI PPS
400h — DMA
500h UART —
600h —
700h —

Legend: — = No implemented SFRs in this block
DS30010038C-page 36  2013-2015 Microchip Technology Inc.
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Bit 3 Bit 2 Bit 1 Bit 0 All 
Resets

E CN3PDE CN2PDE CN1PDE CN0PDE 0000

(1) CN19PDE(1) CN18PDE(1) CN17PDE(1) CN16PDE 0000

(1) CN35PDE(1) CN34PDE(1) CN33PDE(1) — 0000

CN3IE CN2IE CN1IE CN0IE 0000

(1) CN19IE(1) CN18IE(1) CN17IE(1) CN16IE 0000

(1) CN35IE(1) CN34IE(1) CN33IE(1) — 0000

E CN3PUE CN2PUE CN1PUE CN0PUE 0000

(1) CN19PUE(1) CN18PUE(1) CN17PUE(1) CN16PUE 0000

(1) CN35PUE(1) CN34PUE(1) CN33PUE(1) — 0000
TABLE 4-4: ICN REGISTER MAP 
File 

Name 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

CNPD1 0056 CN15PDE CN14PDE CN13PDE CN12PDE CN11PDE CN10PDE(1) CN9PDE(1) CN8PDE(1) CN7PDE CN6PDE CN5PDE CN4PD

CNPD2 0058 — CN30PDE CN29PDE CN28PDE(1) CN27PDE CN26PDE(1) CN25PDE(1) CN24PDE CN23PDE CN22PDE CN21PDE CN20PDE

CNPD3 005A — — — — — — — — — — — CN36PDE

CNEN1 0062 CN15IE CN14IE CN13IE CN12IE CN11IE CN10IE(1) CN9IE(1) CN8IE(1) CN7IE CN6IE CN5IE CN4IE

CNEN2 0064 — CN30IE CN29IE CN28IE(1) CN27IE CN26IE(1) CN25IE(1) CN24IE CN23IE CN22IE CN21IE CN20IE

CNEN3 0066 — — — — — — — — — — — CN36IE

CNPU1 006E CN15PUE CN14PUE CN13PUE CN12PUE CN11PUE CN10PUE(1) CN9PUE(1) CN8PUE(1) CN7PUE CN6PUE CN5PUE CN4PU

CNPU2 0070 — CN30PUE CN29PUE CN28PUE(1) CN27PUE CN26PUE(1) CN25PUE(1) CN24PUE CN23PUE CN22PUE CN21PUE CN20PUE

CNPU3 0072 — — — — — — — — — — — CN36PUE

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These bits are unimplemented in 28-pin devices, read as ‘0’. 
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REGISTER 8-28: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— U2TXIP2 U2TXIP1 U2TXIP0 — U2RXIP2 U2RXIP1 U2RXIP0

bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— INT2IP2 INT2IP1 INT2IP0 — T5IP2 T5IP1 T5IP0

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 Unimplemented: Read as ‘0’
bit 14-12 U2TXIP<2:0>: UART2 Transmitter Interrupt Priority bits

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

bit 11 Unimplemented: Read as ‘0’
bit 10-8 U2RXIP<2:0>: UART2 Receiver Interrupt Priority bits

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

bit 7 Unimplemented: Read as ‘0’
bit 6-4 INT2IP<2:0>: External Interrupt 2 Priority bits

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

bit 3 Unimplemented: Read as ‘0’ 
bit 2-0 T5IP<2:0>: Timer5 Interrupt Priority bits

111 =  Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 =  Interrupt is Priority 1
000 =  Interrupt source is disabled
DS30010038C-page 124  2013-2015 Microchip Technology Inc.
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REGISTER 8-35: IPC14: INTERRUPT PRIORITY CONTROL REGISTER 14

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— SPI2RXIP2 SPI2RXIP1 SPI2RXIPO — SPI1RXIP2 SPI1RXIP1 SPI1RXIPO

bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — KEYSTRIP2 KEYSTRIP1 KEYSTRIP0

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 Unimplemented: Read as ‘0’
bit 14-12 SPI2RXIP<2:0>: SPI2 Receive Interrupt Priority bits

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

bit 11 Unimplemented: Read as ‘0’
bit 10-8 SPI1RXIP<2:0>: SPI1 Receive Interrupt Priority bits

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

bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 KEYSTRIP<2:0>: Cryptographic Key Store Program Done Interrupt Priority bits

111 =  Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 =  Interrupt is Priority 1
000 =  Interrupt source is disabled
 2013-2015 Microchip Technology Inc. DS30010038C-page 131
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REGISTER 8-36: IPC15: INTERRUPT PRIORITY CONTROL REGISTER 15

U-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — RTCIP2 RTCIP1 RTCIP0

bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— DMA5IP2 DMA5IP1 DMA5IP0 — SPI3RXIP2 SPI3RXIP1 SPI3RXIP0

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 15-11 Unimplemented: Read as ‘0’
bit 10-8 RTCIP<2:0>: Real-Time Clock and Calendar Interrupt Priority bits

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

bit 7 Unimplemented: Read as ‘0’
bit 6-4 DMA5IP<2:0>: DMA 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 Unimplemented: Read as ‘0’
bit 2-0 SPI3RXIP<2:0>: SPI3 Receive Interrupt Priority bits

111 =  Interrupt is Priority 7 (highest priority interrupt)
•
•
•
001 =  Interrupt is Priority 1
000 =  Interrupt source is disabled
DS30010038C-page 132  2013-2015 Microchip Technology Inc.
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9.0 OSCILLATOR CONFIGURATION

The oscillator system for PIC24FJ128GA204 family
devices has the following features:

• A total of four external and internal oscillator options 
as clock sources, providing 15 different Clock modes

• An on-chip PLL (x4, x6, x8) block available for the 
Primary Oscillator (POSC) source or FRCDIV (see 
Section 9.7 “On-Chip PLL”)

• 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 9-1.

FIGURE 9-1: PIC24FJ128GA204 FAMILY CLOCK DIAGRAM 

Note: This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to
the “dsPIC33/PIC24 Family Reference
Manual”, “Oscillator” (DS39700).
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9.1 CPU Clocking Scheme
The system clock source can be provided by one of
four sources:

• Primary Oscillator (POSC) on the OSCI and 
OSCO pins

• Secondary Oscillator (SOSC) on the SOSCI and 
SOSCO pins

• Fast Internal RC (FRC) Oscillator
• Low-Power Internal RC (LPRC) Oscillator

The internal FRC provides an 8 MHz clock source. It
can optionally be reduced by the programmable clock
divider to provide a range of system clock frequencies. 

The selected clock source generates the processor
and peripheral clock sources. The processor clock
source is divided by two to produce the internal instruc-
tion cycle clock, FCY. In this document, the instruction
cycle clock is also denoted by FOSC/2. The internal
instruction cycle clock, FOSC/2, can be provided on the
OSCO I/O pin for some operating modes of the Primary
Oscillator. 

9.2 Initial Configuration on POR
The oscillator source (and operating mode) that is used
at a device Power-on Reset event is selected using
Configuration bit settings. The Oscillator Configuration
bit settings are located in the Configuration registers in
program memory (for more information, refer to
Section 29.1 “Configuration Bits”). The Primary
Oscillator Configuration bits, POSCMD<1:0> (Configu-
ration Word 2<1:0>), and the Initial Oscillator Select
Configuration bits, FNOSC<2:0> (Configuration
Word 2<10:8>), select the oscillator source that is used
at a Power-on Reset. The FRC Primary Oscillator with
Postscaler (FRCDIV) is the default (unprogrammed)
selection. The Secondary Oscillator, or one of the inter-
nal oscillators, may be chosen by programming these bit
locations. 

The Configuration bits allow users to choose between
the various clock modes, as shown in Table 9-1.

9.2.1 CLOCK SWITCHING MODE 
CONFIGURATION BITS

The FCKSM<1:0> Configuration bits (Configuration
Word 2<7:6>) are used to jointly configure device clock
switching and the Fail-Safe Clock Monitor (FSCM).
Clock switching is enabled only when FCKSM1 is
programmed (‘0’). The FSCM is enabled only when
FCKSM<1:0> are both programmed (‘00’).

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

Fast RC Oscillator with Postscaler 
(FRCDIV)

Internal 11 111 1, 2

(Reserved) Internal xx 110 1
Low-Power RC Oscillator (LPRC) Internal 11 101 1
Secondary (Timer1) Oscillator 
(SOSC)

Secondary 11 100 1

Primary Oscillator (XT) with PLL 
Module (XTPLL)

Primary 01 011

Primary Oscillator (EC) with PLL 
Module (ECPLL)

Primary 00 011

Primary Oscillator (HS) Primary 10 010

Primary Oscillator (XT) Primary 01 010

Primary Oscillator (EC) Primary 00 010

Fast RC Oscillator with PLL Module 
(FRCPLL)

Internal 11 001 1

Fast RC Oscillator (FRC) Internal 11 000 1
Note 1: OSCO pin function is determined by the OSCIOFCN Configuration bit.

2: This is the default oscillator mode for an unprogrammed (erased) device.
DS30010038C-page 142  2013-2015 Microchip Technology Inc.
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REGISTER 9-5: REFOCONH: REFERENCE OSCILLATOR CONTROL HIGH REGISTER

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
— RODIV<14:8>

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 
RODIV<7:0>

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 Unimplemented: Read as ‘0’
bit 14-0 RODIV<14:0>: Reference Oscillator Divisor Select bits

(Specifies the 1/2 period of the reference clock in the source clocks.)
For example: Period of ref_clk_output  [Reference Source * 2] * RODIV<14:0>
111111111111111 = REFO clock is the base clock frequency divided by 65,534 (32,767 * 2)
111111111111110 = REFO clock is the base clock frequency divided by 65,532 (32,766 * 2)
•
•
•
000000000000011 = REFO clock is the base clock frequency divided by 6 (3 * 2)
000000000000010 = REFO clock is the base clock frequency divided by 4 (2 * 2)
000000000000001 = REFO clock is the base clock frequency divided by 2 (1 * 2)
000000000000000 = REFO clock is the same frequency as the base clock (no divider)(1)

Note 1: The ROTRIMx values are ignored.
 2013-2015 Microchip Technology Inc. DS30010038C-page 151
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11.1.1 I/O PORT WRITE/READ TIMING
One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically, this instruction
would be a NOP.

11.1.2 OPEN-DRAIN CONFIGURATION
In addition to the PORTx, LATx and TRISx registers for
data control, each port pin can also be individually
configured for either a digital or open-drain output. This
is controlled by the Open-Drain Control register, ODCx,
associated with each port. Setting any of the bits con-
figures the corresponding pin to act as an open-drain
output. 

The open-drain feature allows the generation of
outputs higher than VDD (e.g., 5V) on any desired
digital only pins by using external pull-up resistors. The
maximum open-drain voltage allowed is the same as
the maximum VIH specification. 

11.2 Configuring Analog Port Pins 
(ANSx)

The ANSx and TRISx registers control the operation of
the pins with analog function. Each port pin with analog
function is associated with one of the ANSx bits (see
Register 11-1 through Register 11-3), which decides if
the pin function should be analog or digital. Refer to
Table 11-1 for detailed behavior of the pin for different
ANSx and TRISx bit settings.

When reading the PORTx register, all pins configured as
analog input channels will read as cleared (a low level).

11.2.1 ANALOG INPUT PINS AND 
VOLTAGE CONSIDERATIONS

The voltage tolerance of pins used as device inputs is
dependent on the pin’s input function. Most input pins
are able to handle DC voltages of up to 5.5V, a level typ-
ical for digital logic circuits. However, several pins can
only tolerate voltages up to VDD. Voltage excursions
beyond VDD on these pins should always be avoided.

Table 11-2 summarizes the different voltage toler-
ances. For more information, refer to Section 32.0
“Electrical Characteristics” for more details.

TABLE 11-1: CONFIGURING ANALOG/DIGITAL FUNCTION OF AN I/O PIN
Pin Function ANSx Setting TRISx Setting Comments

Analog Input 1 1 It is recommended to keep ANSx = 1.
Analog Output 1 1 It is recommended to keep ANSx = 1.
Digital Input 0 1 Firmware must wait at least one instruction cycle 

after configuring a pin as a digital input before a valid 
input value can be read.

Digital Output 0 0 Make sure to disable the analog output function on 
the pin if any is present.

TABLE 11-2: INPUT VOLTAGE LEVELS FOR PORT OR PIN TOLERATED DESCRIPTION INPUT
Port or Pin Tolerated Input Description

PORTA<10:7,4>(1)

5.5V Tolerates input levels above VDD; useful 
for most standard logic.PORTB<11:10,8:4>

PORTC<9:3>(1)

PORTA<3:0>
VDD Only VDD input levels are tolerated.PORTB<15:13,9,3:0>

PORTC<2:0>(1)

Note 1: Not all of these pins are implemented in 28-pin devices. Refer to Section 1.0 “Device Overview” for a 
complete description of port pin implementation.
DS30010038C-page 168  2013-2015 Microchip Technology Inc.
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14.0 INPUT CAPTURE WITH 
DEDICATED TIMERS

Devices in the PIC24FJ128GA204 family contain six
independent input capture modules. Each of the modules
offers a wide range of configuration and operating
options for capturing external pulse events and
generating interrupts. 

Key features of the input capture 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 30 user-selectable 
sync/trigger sources available

• A 4-level FIFO buffer for capturing and holding 
timer values for several events

• Configurable interrupt generation
• Up to 6 clock sources available for each module, 

driving a separate, internal 16-bit counter

The module is controlled through two registers: ICxCON1
(Register 14-1) and ICxCON2 (Register 14-2). A general
block diagram of the module is shown in Figure 14-1.

14.1 General Operating Modes

14.1.1 SYNCHRONOUS AND TRIGGER 
MODES

When the input capture module operates in a Free-
Running mode, the internal 16-bit counter, ICxTMR,
counts up continuously, wrapping around from FFFFh
to 0000h on each overflow. Its period is synchronized
to the selected external clock source. When a capture
event occurs, the current 16-bit value of the internal
counter is written to the FIFO buffer.

In Synchronous mode, the module begins capturing
events on the ICx pin as soon as its selected clock
source is enabled. Whenever an event occurs on the
selected sync source, the internal counter is reset. In
Trigger mode, the module waits for a sync event from
another internal module to occur before allowing the
internal counter to run. 

Standard, free-running operation is selected by setting
the SYNCSEL<4:0> bits (ICxCON2<4:0>) to ‘00000’
and clearing the ICTRIG bit (ICxCON2<7>). Synchro-
nous and Trigger modes are selected any time the
SYNCSELx bits are set to any value except ‘00000’. The
ICTRIG bit selects either Synchronous or Trigger mode;
setting the bit selects Trigger mode operation. In both
modes, the SYNCSELx bits determine the sync/trigger
source.

When the SYNCSELx bits are set to ‘00000’ and
ICTRIG is set, the module operates in Software Trigger
mode. In this case, capture operations are started by
manually setting the TRIGSTAT bit (ICxCON2<6>).

FIGURE 14-1: INPUT CAPTURE x BLOCK DIAGRAM 

Note: This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to
the “dsPIC33/PIC24 Family Reference
Manual”, “Input Capture with Dedicated
Timer” (DS39722). The information in this
data sheet supersedes the information in
the FRM.

Note 1: The ICx inputs must be assigned to an available RPn/RPIn pin before use. See Section 11.4 “Peripheral Pin 
Select (PPS)” for more information.

ICxBUF

4-Level FIFO Buffer

ICx Pin(1)

ICM<2:0>

Set ICxIFEdge Detect Logic

ICI<1:0>

ICOV, ICBNE

Interrupt
Logic

System Bus

Prescaler
Counter
1:1/4/16

and
Clock Synchronizer

Event and

Clock
Select

ICx Clock
Sources

Sync and

ICTSEL<2:0>

SYNCSEL<4:0>
Trigger

16

16

16
Increment

ResetSync and
Trigger
LogicTrigger Sources

ICxTMR
 2013-2015 Microchip Technology Inc. DS30010038C-page 205



PIC24FJ128GA204 FAMILY

REGISTER 14-2: ICxCON2: INPUT CAPTURE x CONTROL REGISTER 2

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0
— — — — — — — IC32

bit 15 bit 8

R/W-0 R/W-0, HS U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ICTRIG TRIGSTAT — SYNCSEL4 SYNCSEL3 SYNCSEL2 SYNCSEL1 SYNCSEL0

bit 7 bit 0

Legend: HS = Hardware Settable 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 15-9 Unimplemented: Read as ‘0’
bit 8 IC32: Cascade Two IC Modules Enable bit (32-bit operation)

1 = ICx and ICy operate in cascade as a 32-bit module (this bit must be set in both modules)
0 = ICx functions independently as a 16-bit module

bit 7 ICTRIG: Input Capture x Sync/Trigger Select bit
1 = Triggers ICx from the source designated by the SYNCSELx bits
0 = Synchronizes ICx with the source designated by the SYNCSELx bits

bit 6 TRIGSTAT: Timer Trigger Status bit
1 = Timer source has been triggered and is running (set in hardware, can be set in software)
0 = Timer source has not been triggered and is being held clear

bit 5 Unimplemented: Read as ‘0’

Note 1: Use these inputs as trigger sources only and never as sync sources.
2: Never use an ICx module as its own trigger source by selecting this mode.
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TABLE 20-1: MEMORY ADDRESSABLE IN DIFFERENT MODES

Data Port Size PMA<9:8> PMA<7:0> PMD<7:4> PMD<3:0> Accessible memory

Demultiplexed Address (ADRMUX<1:0> = 00)

8-Bit (PTSZ<1:0> = 00) Addr<9:8> Addr<7:0> Data 1K
4-Bit (PTSZ<1:0> = 01) Addr<9:8> Addr<7:0> — Data 1K

1 Address Phase (ADRMUX<1:0> = 01)

8-Bit (PTSZ<1:0> = 00) — PMALL Addr<7:0> Data 1K

4-Bit (PTSZ<1:0> = 01) Addr<9:8> PMALL
Addr<7:4> Addr<3:0>

1K
— Data (1)

2 Address Phases (ADRMUX<1:0> = 10)

8-Bit (PTSZ<1:0> = 00) —
PMALL Addr<7:0>

64KPMALH Addr<15:8>
— Data

4-Bit (PTSZ<1:0> = 01) Addr<9:8>
PMALL Addr<3:0>

1KPMALH Addr<7:4>
— Data

3 Address Phases (ADRMUX<1:0> = 11)

8-Bit (PTSZ<1:0> = 00) —

PMALL Addr<7:0>

2 Mbytes
PMALH Addr<15:8>
PMALU Addr<22:16>

— Data

4-Bit (PTSZ<1:0> = 01) Addr<13:12>

PMALL Addr<3:0>

16K
PMALH Addr<7:4>
PMALU Addr<11:8>

— Data
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24.2 Extended DMA Operations
In addition to the standard features available on all 12-bit
A/D Converters, PIC24FJ128GA204 family devices
implement a limited extension of DMA functionality. This
extension adds features that work with the device’s DMA
Controller to expand the A/D module’s data storage
abilities beyond the module’s built-in buffer.

The Extended DMA functionality is controlled by the
DMAEN bit (AD1CON1<11>); setting this bit enables
the functionality. The DMABM bit (AD1CON1<12>)
configures how the DMA feature operates.

24.2.1 EXTENDED BUFFER MODE
Extended Buffer mode (DMABM = 1) is useful for
storing the results of channels. It can also be used to
store the conversion results on any A/D channel in any
implemented address in data RAM.

In Extended Buffer mode, all data from the A/D Buffer
register, and channels above 26, is mapped into data
RAM. Conversion data is written to a destination
specified by the DMA Controller, specifically by the
DMADSTn register. This allows users to read the con-
version results of channels above 26, which do not
have their own memory-mapped A/D buffer locations,
from data memory.

When using Extended Buffer mode, always set the
BUFREGEN bit to disable FIFO operation. In addition,
disable the Split Buffer mode by clearing the BUFM bit.

24.2.2 PIA MODE
When DMABM = 0, the A/D module is configured to func-
tion with the DMA Controller for Peripheral Indirect
Addressing (PIA) mode operations. In this mode, the A/D
module generates an 11-bit Indirect Address (IA). This is
ORed with the destination address in the DMA Controller
to define where the A/D conversion data will be stored. 

In PIA mode, the buffer space is created as a series of
contiguous smaller buffers, one per analog channel.
The size of the channel buffer determines how many
analog channels can be accommodated. The size of
the buffer is selected by the DMABL<2:0> bits
(AD1CON4<2:0>). The size options range from a
single word per buffer to 128 words. Each channel is
allocated a buffer of this size, regardless of whether or
not the channel will actually have conversion data.

The IA is created by combining the base address within
a channel buffer with three to five bits (depending on
the buffer size) to identify the channel. The base
address ranges from zero to seven bits wide, depend-
ing on the buffer size. The address is right-padded with
a ‘0’ in order to maintain address alignment in the Data
Space. The concatenated channel and base address
bits are then left-padded with zeros, as necessary, to
complete the 11-bit IA. 

The IA is configured to auto-increment during write
operations by using the SMPIx bits (AD1CON2<6:2>).

As with PIA operations for any DMA-enabled module,
the base destination address in the DMADSTn register
must be masked properly to accommodate the IA.
Table 24-1 shows how complete addresses are
formed. Note that the address masking varies for each
buffer size option. Because of masking requirements,
some address ranges may not be available for certain
buffer sizes. Users should verify that the DMA base
address is compatible with the buffer size selected.

Figure 24-2 shows how the parts of the address define
the buffer locations in data memory. In this case, the
module “allocates” 256 bytes of data RAM (1000h to
1100h) for 32 buffers of four words each. However, this
is not a hard allocation and nothing prevents these
locations from being used for other purposes. For
example, in the current case, if Analog Channels 1, 3
and 8 are being sampled and converted, conversion
data will only be written to the channel buffers, starting
at 1008h, 1018h and 1040h. The holes in the PIA buffer
space can be used for any other purpose. It is the
user’s responsibility to keep track of buffer locations
and prevent data overwrites.

24.3 A/D Operation with VBAT

One of the A/D channels is connected to the VBAT pin
to monitor the VBAT voltage. This allows monitoring the
VBAT pin voltage (battery voltage) with no external con-
nection. The voltage measured, using the A/D VBAT
monitor, is VBAT/2. The voltage can be calculated by
reading A/D = ((VBAT/2)/VDD) * 1024 for 10-bit A/D and
((VBAT/2)/VDD) * 4096 for 12 bit A/D.

When using the VBAT A/D monitor:

• Connect the A/D channel to ground to discharge 
the sample capacitor.

• Because of the high-impedance of VBAT, select 
higher sampling time to get an accurate reading.

Since the VBAT pin is connected to the A/D during
sampling, to prolong the VBAT battery life, the
recommendation is to only select the VBAT channel
when needed. 
 2013-2015 Microchip Technology Inc. DS30010038C-page 313



PIC24FJ128GA204 FAMILY

NOTES:
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bit 3-0 WDTPS<3:0>: Watchdog Timer Postscaler Select bits
1111 = 1:32,768
1110 = 1:16,384
1101 = 1:8,192
1100 = 1:4,096
1011 = 1:2,048
1010 = 1:1,024
1001 = 1:512
1000 = 1:256
0111 = 1:128
0110 = 1:64
0101 = 1:32
0100 = 1:16
0011 = 1:8
0010 = 1:4
0001 = 1:2
0000 = 1:1

REGISTER 29-1: CW1: FLASH CONFIGURATION WORD 1 (CONTINUED)
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TABLE 32-13: COMPARATOR DC SPECIFICATIONS

TABLE 32-14: COMPARATOR VOLTAGE REFERENCE DC SPECIFICATIONS

Operating Conditions: -40°C  TA  +85°C for Industrial 
-40°C  TA  +125°C for Extended

Param
No. Symbol Characteristic Min Typ Max Units Comments

D300 VIOFF Input Offset Voltage — 20 ±40 mV (Note 1)
D301 VICM Input Common-Mode Voltage 0 — VDD V (Note 1)
D302 CMRR Common-Mode Rejection 

Ratio
55 — — dB (Note 1)

D306 IQCMP AVDD Quiescent Current per 
Comparator

— 27 — µs Comparator enabled

D307 TRESP Response Time — 300 — ns (Note 2)
D308 TMC2OV Comparator Mode Change to 

Valid Output
— — 10 µs

Note 1: Parameters are characterized but not tested.
2: Measured with one input at VDD/2 and the other transitioning from VSS to VDD, 40 mV step, 15 mV overdrive.

Operating Conditions: 2.0V < VDD < 3.6V
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +125°C for Extended

Param
No. Symbol Characteristic Min Typ Max Units Comments

VR310 TSET Settling Time — — 10 µs (Note 1)
VRD311 CVRAA Absolute Accuracy -100 — 100 mV
VRD312 CVRUR Unit Resistor Value (R) — 4.5 — k
Note 1: Measures the interval while CVR<4:0> transitions from ‘11111’ to ‘00000’.
 2013-2015 Microchip Technology Inc. DS30010038C-page 385



PIC24FJ128GA204 FAMILY
FIGURE 32-13: SPIx MODULE MASTER MODE (CKE = 0) TIMING CHARACTERISTICS 

     

SCKx
(CKP = 0)

SCKx
(CKP = 1)

SDOx

SDIx

SP11 SP10

SP40 SP41

SP21SP20SP35

SP20SP21

MSb LSbBit 14 - - - - - -1

LSb InBit 14 - - - -1

SP30SP31

Note: Refer to Figure 32-2 for load conditions.

MSb In

TABLE 32-35: SPIx MASTER MODE (CKE = 0) TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.0V to 3.6V 
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +125°C for Extended

Param
No. Symbol Characteristic(1) Min Typ(2) Max Units Conditions

SP10 TscL SCKx Output Low Time TCY/2 — — ns (Note 3)
SP11 TscH SCKx Output High Time TCY/2 — — ns (Note 3)
SP20 TscF SCKx Output Fall Time — — — ns See Parameter DO32 

(Note 4)
SP21 TscR SCKx Output Rise Time — — — ns See Parameter DO31 

(Note 4)
SP30 TdoF SDOx Data Output Fall Time — — — ns See Parameter DO32 

(Note 4)
SP31 TdoR SDOx Data Output Rise Time — — — ns See Parameter DO31 

(Note 4)
SP35 TscH2doV,

TscL2doV
SDOx Data Output Valid After 
SCKx Edge

— 6 20 ns

SP40 TdiV2scH,
TdiV2scL

Setup Time of SDIx Data Input
to SCKx Edge

23 — — ns

SP41 TscH2diL,
TscL2diL

Hold Time of SDIx Data Input
to SCKx Edge 

30 — — ns

Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.
3: The minimum clock period for SCKx is 100 ns. Therefore, the clock generated in Master mode must not 

violate this specification.
4: Assumes 50 pF load on all SPIx pins.
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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