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PIC24FJ128GC010 FAMILY

1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:

+ PIC24FJ64GC006 + PIC24FJ128GC006
+ PIC24FJ64GCO010 + PIC24FJ128GC010

The PIC24FJ128GCO010 family expands the capabilities
of the PIC24F family by adding a complete selection of
advanced analog peripherals to its existing digital
features. This combination, along with its ultra
low-power features, Direct Memory Access (DMA) for
peripherals, USB On-The-Go (OTG) and a built-in LCD
controller and driver, makes this family the new
standard for mixed-signal PIC® microcontrollers in one
economical and power-saving package.

1.1 Core Features

1.1.1 16-BIT ARCHITECTURE

Central to all PIC24F devices is the 16-bit modified

Harvard architecture, first introduced with Microchip’s

dsPIC® Digital Signal Controllers (DSCs). The PIC24F

CPU core offers a wide range of enhancements, such as:

» 16-bit data and 24-bit address paths with the
ability to move information between data and
memory spaces

* Linear Addressing of up to 12 Mbytes (program
space) and 32 Kbytes (data)

* A 16-element Working register array with built-in
software stack support

* A 17 x 17 hardware multiplier with support for
integer math

» Hardware support for 32 by 16-bit division

* An instruction set that supports multiple
addressing modes and is optimized for high-level
languages, such as ‘C’

» Operational performance up to 16 MIPS

1.1.2 XLP POWER-SAVING TECHNOLOGY

The PIC24FJ128GC010 family of devices introduces a
greatly expanded range of power-saving operating
modes for the ultimate in power conservation. The new
modes include:

» Retention Sleep with essential circuits being
powered from a separate low-voltage regulator

» Retention Deep Sleep, a lower power mode that
maintains data RAM for fast start-up

» Deep Sleep without RTCC for the lowest possible
power consumption under software control

* VBAT mode (with or without RTCC) to continue
limited operation from a backup battery when VDD
is removed

Many of these new low-power modes also support the
continuous operation of the low-power, on-chip
Real-Time Clock and Calendar (RTCC), making it
possible for an application to keep time while the
device is otherwise asleep.

Aside from these new features, PIC24FJ128GC010
family devices also include all of the legacy power-saving
features of previous PIC24F microcontrollers, such as:

» On-the-Fly Clock Switching, allowing the selection
of a lower power clock during run time

» Doze Mode Operation, for maintaining peripheral
clock speed while slowing the CPU clock

* Instruction-Based Power-Saving modes, for quick
invocation of Idle and the many Sleep modes

1.1.3 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC24FJ128GC010 family offer
five different oscillator options, allowing users a range
of choices in developing application hardware. These
include:

» Two Crystal modes

» Two External Clock modes

* A Phase-Locked Loop (PLL) frequency multiplier,
which allows clock speeds of up to 32 MHz

* A Fast Internal Oscillator (FRC) — nominal 8 MHz
output, with multiple frequency divider options and
automatic frequency self-calibration during
run time

* A separate Low-Power Internal RC Oscillator
(LPRC) — 31 kHz nominal, for low-power,
timing-insensitive applications.

The internal oscillator block also provides a stable
reference source for the Fail-Safe Clock Monitor
(FSCM). This option constantly monitors the main clock
source against a reference signal provided by the inter-
nal oscillator and enables the controller to switch to the
internal oscillator, allowing for continued low-speed
operation or a safe application shutdown.

1.1.4 EASY MIGRATION

Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve. This
extends the ability of applications to grow from the
relatively simple, to the powerful and complex, while
still selecting a Microchip device.

© 2012-2016 Microchip Technology Inc.
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1.6 Other Special Features

Peripheral Pin Select (PPS): The Peripheral Pin
Select feature allows most digital peripherals to
be mapped over a fixed set of digital 1/0O pins.
Users may independently map the input and/or
output of any one of the many digital peripherals
to any one of the I/O pins.

Communications: The PIC24FJ128GC010
family incorporates several different serial
communication peripherals to handle a range of
application requirements. There are two indepen-
dent 12C modules that support both Master and
Slave modes of operation. Devices also have,
through the PPS feature, four independent UARTs
with built-in IrDA® encoders/decoders and two SPI
modules.

CTMU Interface: In addition to their other analog
features, members of the PIC24FJ128GC010
family include the CTMU interface module. This
provides a convenient method for precision time
measurement and pulse generation, and can
serve as an interface for capacitive sensors.

Enhanced Parallel Master/Parallel Slave Port:
This module allows rapid and transparent access
to the microcontroller data bus, and enables the
CPU to directly address external data memory. The
parallel port can function in Master or Slave mode,
accommodating data widths of 4, 8 or 16 bits, and
address widths of up to 23 bits in Master modes.
Real-Time Clock and Calendar (RTCC): This
module implements a full-featured clock and
calendar with alarm functions in hardware, freeing
up timer resources and program memory space
for use of the core application.

Data Signal Modulator (DSM): The Data Signal
Modulator (DSM) allows the user to mix a digital
data stream (the “modulator signal”) with a carrier
signal to produce a modulated output.

1.7 Details on Individual Family
Members

Devices in the PIC24FJ128GC010 family are available
in 64-pin and 100/121-pin packages. The general block
diagram for all devices is shown in Figure 1-1.

The devices are differentiated from each other in
six ways:

1. Flash program memory (64 Kbytes for
PIC24FJ64GCO0XX devices and 128 Kbytes for
PIC24FJ128GC0XX devices).

2. Available I/O pins and ports (53 pins on 6 ports
for 64-pin devices and 85 pins on 7 ports for
100/121-pin devices).

3. Available Interrupt-on-Change Notification (ICN)
inputs (52 on 64-pin devices and 82 on
100/121-pin devices).

4. Available remappable pins (29 pins on 64-pin
devices and 44 pins on 100/121-pin devices).

5.  Maximum available drivable LCD pixels (248 for
64-pin devices and 472 on 100/121-pin devices.)

6. Analog input channels for the Pipeline A/D
Converter (29 channels for 64-pin devices and
50 channels for 100/121-pin devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1 and Table 1-2.

Alist of pin features available on the PIC24FJ128GC010
family devices, sorted by function, is shown in Table 1-3.
Note that this table shows the pin location of individual
peripheral features and not how they are multiplexed on
the same pin. This information is provided in the pinout
diagrams in the beginning of the data sheet. Multiplexed
features are sorted by the priority given to a feature, with
the highest priority peripheral being listed first.

© 2012-2016 Microchip Technology Inc.
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TABLE 1-1: DEVICE FEATURES FOR THE PIC24FJ128GC010 FAMILY: 64-PIN DEVICES
Features PIC24FJ64GC006 ‘ PIC24FJ128GC006

Operating Frequency DC - 32 MHz

Program Memory (bytes) 64K 128K

Program Memory (instructions) 22,016 44,032

Data Memory (bytes) 8K

Interrupt Sources (soft vectors/ 65 (61/4)

NMI traps)

1/0O Ports PortsB,C,D,E, F, G
Total I/O Pins 53
Remappable Pins 30 (29 1/Os, 1 input only)
Timers:

Total Number (16-bit) 5(1)
32-Bit (from paired 16-bit timers) 2
Input Capture w/Timer Channels 9@
Output Compare/PWM Channels o
Input Change Notification Interrupt 52
Serial Communications:

UART 40
SPI (3-wire/4-wire) 20
1’C 2
Digital Signal Modulator Yes
Parallel Communications (EPMP/PSP) Yes
JTAG Boundary Scan Yes
12-Bit Pipeline Analog-to-Digital 29
Converter (A/D) (input channels)

Sigma-Delta Analog-to-Digital Converter 2
(A/D) (differential channels)

Digital-to-Analog Converter (DAC) 2
Operational Amplifiers 2
Analog Comparators 3
CTMU Interface Yes

LCD Controller (available pixels)

196 (28 SEG x 7 COM)

Resets (and delays)

Core POR, VDD POR, VBAT POR, BOR, RESET Instruction,
MCLR, WDT, lllegal Opcode, REPEAT Instruction,
Hardware Traps, Configuration Word Mismatch

(OST, PLL Lock)

Instruction Set

76 Base Instructions, Multiple Addressing Mode Variations

Packages

64-Pin TQFP and QFN

Note 1: Peripherals are accessible through remappable pins.

DS30009312D-page 16
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TABLE 4-25: 12-BIT PIPELINE A/D CONVERTER REGISTER MAP (CONTINUED)

e |Addr| Bit1s | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bito | Bit8 | Bit7 | Bit6 | Bit5 Bita | Bit3 | Btz | Bit1 | Bito | A
ACCONH 050E — — — — — — — — ACEN ACIE — — — — — — 0000
ACCONL 050C — — TBLSELS5 | TBLSEL4 | TBLSEL3 | TBLSEL2 | TBLSEL1 | TBLSELO | COUNT7 [COUNT6| COUNTS | COUNT4 | COUNT3 | COUNT2 | COUNT1 |COUNTO| 0000
ACRESH 0512 A/D Accumulation High Result Register (bits<31-16>) 0000
ACRESL 0510 A/D Accumulation Low Result Register (bits<15-0>) 0000
ADCHITH 0516 CHH<31:16> 0000
ADCHITL 0514 CHH<15:0> 0000
ADTHOH 0526 TH<15:0> 0000
ADTHOL 0524 TH<15:0> 0000
ADTH1H 0542 TH<15:0> 0000
ADTH1L 0540 TH<15:0> 0000
ADTH2H 055E TH<15:0> 0000
ADTH2L 055C TH<15:0> 0000
ADTH3H 040A TH<15:0> 0000
ADTH3L 0408 TH<15:0> 0000
apLomseL3[os2e | — [ — [ — — — — — - | = — — = — — MSEL<49:48> | 0000
ADLOMSEL2| 052C MSEL<47:32> 0000
ADLOMSEL1| 052A MSEL<31:16> 0000
ADLOMSELO| 0528 | MSEL15 — — — — — — — — — — — — — — — 0000
ADL1MSEL3 | 054A — — — — — — — — — — — — — — MSEL<49:48> 0000
ADL1MSEL2| 0548 MSEL<47:32> 0000
ADL1MSEL1| 0546 MSEL<31:16> 0000
ADL1MSELO| 0544 | MSEL15 — — — — — — — — — — — — — — — 0000
ADL2MSEL3| 0566 — — — — — — — — — — — — — — MSEL<49:48> 0000
ADL2MSEL2| 0564 MSEL<47:32> 0000
ADL2MSEL1| 0562 MSEL<31:16> 0000
ADL2MSELO| 0560 | MSEL15 — — — — — — — — — — — — — — — 0000
ADL3MSEL3| 0412 — — — — — — — — — — — — — — MSEL<49:48> 0000
ADL3MSEL2| 0410 MSEL<47:32> 0000
ADL3MSEL1 | 040E MSEL<31:16> 0000
ADL3MSELO| 040C |MsEL15|  — | — — — — — - | = — — — — — — — | oooo
Legend: — = unimplemented, read as ‘0’; r = reserved, do not modify. Reset values are shown in hexadecimal.
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TABLE 8-2: IMPLEMENTED INTERRUPT VECTORS (CONTINUED)

Vector VT AIVT Interrupt Bit Locations
Interrupt Source Number | Address Address Flag Enable Priority
Enhanced Parallel Master Port (EPMP) 45 00006Eh 00016Eh IFS2<13> IEC2<13> IPC11<6:4>
Real-Time Clock and Calendar (RTCC) 62 000090h 000190h IFS3<14> IEC3<14> IPC15<10:8>
SPI1 Error 9 000026h 000126h IFS0<9> IEC0<9> IPC2<6:4>
SPI1 Event 10 000028h 000128h IFS0<10> IEC0<10> IPC2<10:8>
SPI2 Error 32 000054h 000154h IFS2<0> IEC2<0> IPC8<2:0>
SPI2 Event 33 000056h 000156h IFS2<1> IEC2<1> IPC8<6:4>
Timer1 3 00001Ah 00011Ah IFS0<3> IEC0<3> IPC0<14:12>
Timer2 7 000022h 000122h IFS0<7> IEC0<7> IPC1<14:12>
Timer3 8 000024h 000124h IFS0<8> IEC0<8> IPC2<2:0>
Timer4 27 00004Ah 00014Ah IFS1<11> IEC1<11> IPC6<14:12>
Timer5 28 00004Ch 00014Ch IFS1<12> IEC1<12> IPC7<2:0>
UART1 Error 65 000096h 000196h IFS4<1> IEC4<1> IPC16<6:4>
UART1 Receiver 11 00002Ah 00012Ah IFS0<11> IEC0<11> IPC2<14:12>
UART1 Transmitter 12 00002Ch 00012Ch IFS0<12> IEC0<12> IPC3<2:0>
UART2 Error 66 000098h 000198h IFS4<2> IEC4<2> IPC16<10:8>
UART2 Receiver 30 000050h 000150h IFS1<14> IEC1<14> IPC7<10:8>
UART2 Transmitter 31 000052h 000152h IFS1<15> IEC1<15> IPC7<14:12>
UARTS3 Error 81 0000B6h 0001B6h IFS5<1> IEC5<1> IPC20<6:4>
UARTS3 Receiver 82 0000B8h 0001B8h IFS5<2> IEC5<2> IPC20<10:8>
UART3 Transmitter 83 0000BAh 0001BAh IFS5<3> IEC5<3> IPC20<14:12>
UART4 Error 87 0000C2h 0001C2h IFS5<7> IEC5<7> IPC21<14:12>
UART4 Receiver 88 0000C4h 0001C4h IFS5<8> IEC5<8> IPC22<2:0>
UART4 Transmitter 89 0000C6h 0001C6h IFS5<9> IEC5<9> IPC22<6:4>
usB 86 0000C0Oh 0001COh IFS5<6> IEC5<6> IPC21<10:8>

DS30009312D-page 106 © 2012-2016 Microchip Technology Inc.
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REGISTER 8-42:

IPC23: INTERRUPT PRIORITY CONTROL REGISTER 23

u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-0
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
— IC9IP2 IC9IP1 IC9IPO — OC9IP2 OC9IP1 OC9IPO
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
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’
IC9IP<2:0>: Input Capture Channel 9 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

Unimplemented: Read as ‘0’
OC9IP<2:0>: Output Compare Channel 9 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

© 2012-2016 Microchip Technology Inc.
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REGISTER 8-43: IPC25: INTERRUPT PRIORITY CONTROL REGISTER 25

U-0 R/W-1 R/W-0 R/W-0 U-0 uU-0 uU-0 uU-0
— AMP1I1P2 AMP11P1 AMP1IPO — — — —
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — LCDIP2 LCDIP1 LCDIPO
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 AMP1IP<2:0>: Op Amp 1 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

bit 11-3 Unimplemented: Read as ‘0’
bit 2-0 LCDIP<2:0>: LCD Controller Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

DS30009312D-page 154 © 2012-2016 Microchip Technology Inc.
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REGISTER 11-11: RPINR2: PERIPHERAL PIN SELECT INPUT REGISTER 2

u-0 u-0 uU-0 uU-0 u-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — INT4R5 INT4R4 INT4R3 INT4R2 INT4R1 INT4RO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-6 Unimplemented: Read as ‘0’
bit 5-0 INT4R<5:0>: Assign External Interrupt 4 (INT4) to Corresponding RPn or RPIn Pin bits

REGISTER 11-12: RPINR7: PERIPHERAL PIN SELECT INPUT REGISTER 7

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC2R5 IC2R4 IC2R3 IC2R2 IC2R1 IC2R0
bit 15 bit 8
U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC1R5 IC1R4 IC1R3 IC1R2 IC1R1 IC1RO
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’ = Bitis cleared x = Bit is unknown

bit 15-14 Unimplemented: Read as ‘0’

bit 13-8 IC2R<5:0>: Assign Input Capture 2 (IC2) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IC1R<5:0>: Assign Input Capture 1 (IC1) to Corresponding RPn or RPIn Pin bits

DS30009312D-page 200 © 2012-2016 Microchip Technology Inc.
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REGISTER 14-2:

ICXCON2: INPUT CAPTURE x CONTROL REGISTER 2

U-0 uU-0 u-0 uU-0 u-0 uU-0 uU-0 R/W-0
— — — — — — — 1C32
bit 15 bit 8
R/W-0 R/W-0, HS U-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-1
ICTRIG TRIGSTAT — SYNCSEL4 | SYNCSEL3 | SYNCSEL2 | SYNCSEL1 | SYNCSELO
bit 7 bit 0
Legend: HS = Hardware Settable bit

R = Readable bit
-n = Value at POR

W = Writable bit
o=

U = Unimplemented bit, read as ‘0’

Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-9
bit 8

bit 7

bit 6

bit 5
bit 4-0

Note 1:
2:

Unimplemented: Read as ‘0’
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

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

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

Unimplemented: Read as ‘0’

SYNCSEL<4:0>: Synchronization/Trigger Source Selection bits

1111x = Reserved

11101 = Reserved

11100 = CTMU®

11011 = Pipeline A/D®
11010 = Comparator 3
11001 = Comparator 2(1)
11000 = Comparator 11
10111 = Input Capture 8@
10110 = Input Capture 7®
10101 = Input Capture 6
10100 = Input Capture 5
10011 = Input Capture 4®
10010 = Input Capture 3
10001 = Input Capture 2
10000 = Input Capture 1
01111 = Timer5

01110 = Timer4

01101 = Timer3

01100 = Timer2

01011 = Timer1

01010 = Input Capture 9@
01001 = Output Compare 9

00010 = Output Compare 2
00001 = Output Compare 1
00000 = Not synchronized to any other module

Use these inputs as trigger sources only and never as sync sources.
Never use an IC module as its own trigger source by selecting this mode.

DS30009312D-page 228
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15.0 OUTPUT COMPARE WITH
DEDICATED TIMERS

Note:  This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“dsPIC33/PIC24 Family Reference Man-
ual”, “Output Compare with Dedicated
Timer” (DS70005159) which is available
from the Microchip web site
(www.microchip.com).. The information in
this data sheet supersedes the information
in the FRM.

Devices in the PIC24FJ128GC010 family all feature
seven independent output compare modules. Each of
these modules offers a wide range of configuration and
operating options for generating pulse trains on internal
device events, and can produce Pulse-Width Modulated
(PWM) waveforms for driving power applications.

Key features of the output compare module include:

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

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

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

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

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

15.1 General Operating Modes

15.1.1 SYNCHRONOUS AND TRIGGER
MODES

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

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

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

15.1.2 CASCADED (32-BIT) MODE

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

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

© 2012-2016 Microchip Technology Inc.
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19.1 Hardware Configuration
19.1.1 DEVICE MODE

19.1.1.1 D+ Pull-up Resistor

PIC24FJ128GC010 family devices have a built-in
1.5 kQ resistor on the D+ line that is available when the
microcontroller is operating in Device mode. This is
used to signal an external host that the device is
operating in Full-Speed Device mode. It is engaged by
setting the USBEN bit (U1CON<0>) and powering up
the USB module (USBPWR = 1). If the OTGEN bit
(U1OTGCON<2>) is set, then the D+ pull-up is enabled
through the DPPULUP bit (U1OTGCON<7>).

19.1.1.2  The VBUS Pin

In order to meet the USB 2.0 specification requirement
relating to the back drive voltage on the D+/D- pins, the
USB module incorporates VBUS-level sensing compar-
ators. When the comparators detect the VBUS level
below the VA_SESS VLD level, the hardware will auto-
matically disable the D+ pull-up resistor described in
Section 19.1.1.1 “D+ Pull-up Resistor”. This allows
the device to automatically meet the back drive
requirement for D+ and D-, even if the application
firmware does not explicitly monitor the VBUS level.
Therefore, the VBUS microcontroller pin should not be
left floating in USB Device mode application designs
and should normally be connected to the VBUS pin on
the USB connector/cable (either directly or through a
small resistance < 100 ohms).

19.1.1.3 Power Modes

Many USB applications will likely have several different
sets of power requirements and configuration. The
most common power modes encountered are:

* Bus Power Only mode
» Self-Power Only mode
¢ Dual Power with Self-Power Dominance

Bus Power Only mode (Figure 19-2) is effectively the
simplest method. All power for the application is drawn
from the USB.

To meet the inrush current requirements of the
“USB 2.0 OTG Specification”, the total effective capac-
itance, appearing across VBUS and ground, must be no
more than 10 pF.

In the USB Suspend mode, devices must consume no
more than 2.5 mA from the 5V VBuUS line of the USB
cable. During the USB Suspend mode, the D+ or D-
pull-up resistor must remain active, which will consume
some of the allowed suspend current.

In Self-Power Only mode (Figure 19-3), the USB
application provides its own power, with very little
power being pulled from the USB. Note that an attach
indication is added to indicate when the USB has been
connected and the host is actively powering VBUS.

To meet compliance specifications, the USB module
(and the D+ or D- pull-up resistor) should not be enabled
until the host actively drives VBUS high. One of the 5.5V
tolerant I/O pins may be used for this purpose.

The application should never source any current onto
the 5V VBUS pin of the USB cable when the USB
module is operated in USB Device mode.

The Dual Power mode with Self-Power Dominance
(Figure 19-4) allows the application to use internal
power primarily, but switch to power from the USB
when no internal power is available. Dual power
devices must also meet all of the special requirements
for inrush current and Suspend mode current previ-
ously described, and must not enable the USB module
until VBUS is driven high.

FIGURE 19-2: BUS POWER ONLY
INTERFACE EXAMPLE
1000 Attach Sense
VBUS
Vflst 3.3V VDD
MCP1801
3.3V LDO VUSBaV3
1uF
I Ves
FIGURE 19-3: SELF-POWER ONLY
V.E.;g\s/ W Attach Sense VBUS
§ l VusB3v3

FIGURE 19-4: DUAL POWER EXAMPLE

,1\7\%2 Attach Sense

VBUSLD 33V~ VDD
~5V
Low la
Regulator
\VusB3v3
v 100 kQ
SELF
~3.3V l % Vss

VBUS
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REGISTER 19-16: UlIR: USB INTERRUPT STATUS REGISTER (DEVICE MODE ONLY)

uU-0 uU-0 uU-0 uU-0 uU-0 u-0 uU-0 u-0
bit 15 | ‘ bit 8
R/K-0, HS u-0 R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS
STALLIF — RESUMEIF IDLEIF TRNIF SOFIF UERRIF URSTIF
bit 7 bit 0
Legend: HS = Hardware Settable bit
R = Readable bit K = Write ‘1’ to Clear bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7 STALLIF: STALL Handshake Interrupt bit
1 = A STALL handshake was sent by the peripheral during the handshake phase of the transaction in
Device mode
0 = A STALL handshake has not been sent
bit 6 Unimplemented: Read as ‘0’
bit 5 RESUMEIF: Resume Interrupt bit
1 = AK-state is observed on the D+ or D- pin for 2.5 us (differential ‘1’ for low speed, differential ‘0’ for
full speed)
0 = No K-state is observed
bit 4 IDLEIF: Idle Detect Interrupt bit

1 = Idle condition is detected (constant Idle state of 3 ms or more)
0 = No Idle condition is detected
bit 3 TRNIF: Token Processing Complete Interrupt bit
1 = Processing of the current token is complete; read the U1STAT register for endpoint information
0 = Processing of the current token is not complete; clear the U1STAT register or load the next token
from STAT (clearing this bit causes the STAT FIFO to advance)

bit 2 SOFIF: Start-of-Frame Token Interrupt bit
1 = A Start-of-Frame token is received by the peripheral or the Start-of-Frame threshold is reached by
the host
0 = No Start-of-Frame token is received or threshold reached
bit 1 UERRIF: USB Error Condition Interrupt bit
1 = An unmasked error condition has occurred; only error states enabled in the U1EIE register can set
this bit
0 = No unmasked error condition has occurred
bit 0 URSTIF: USB Reset Interrupt bit

1 = Valid USB Reset has occurred for at least 2.5 us; Reset state must be cleared before this bit can
be reasserted

0 = No USB Reset has occurred; individual bits can only be cleared by writing a ‘1’ to the bit position
as part of a word write operation on the entire register. Using Boolean instructions or bitwise oper-
ations to write to a single bit position will cause all set bits, at the moment of the write, to become
cleared.

Note: Individual bits can only be cleared by writing a ‘1’ to the bit position as part of a word write operation on the
entire register. Using Boolean instructions or bitwise operations to write to a single bit position will cause
all set bits, at the moment of the write, to become cleared.
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REGISTER 20-3:

MDCAR: DATA SIGNAL MODULATOR CARRIER CONTROL REGISTER

R/W-x

R/W-x R/W-x uU-0 R/W-x

R/W-x R/W-x R/W-x

CHODIS CHPOL CHSYNC — CH3®

CH2W CH1® CHo®

bit 15

bit 8

R/W-0

R/W-x R/W-x uU-0 R/W-x

R/W-x R/W-x R/W-x

CLODIS

CLPOL CLSYNC — cL3®

cL2® cL1® cLo®

bit 7

bit 0

Legend:
R = Reada
-n = Value

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

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

bit 5

bit 4
bit 3-0

Note 1:

CHODIS: DSM High Carrier Output Disable bit

1 = Output signal driving the peripheral output pin (selected by CH<3:0>) is disabled

0 = Output signal driving the peripheral output pin is enabled
CHPOL: DSM High Carrier Polarity Select bit

1 = Selected high carrier signal is inverted
0 = Selected high carrier signal is not inverted

CHSYNC: DSM High Carrier Synchronization Enable bit

1 = Modulator waits for a falling edge on the high carrier before aIIowin? a switch to the low carrier
0 = Modulator output is not synchronized to the high time carrier signalt®)

Unimplemented: Read as ‘0’

CH<3:0>: DSM Data High Carrier Selection bits()
1111

. = Reserved

1011

1010 = Output Compare/PWM Module 7 output
1001 = Output Compare/PWM Module 6 output
1000 = Output Compare/PWM Module 5 output
0111 = Output Compare/PWM Module 4 output
0110 = Output Compare/PWM Module 3 output
0101 = Output Compare/PWM Module 2 output
0100 = Output Compare/PWM Module 1 output
0011 = Reference Clock Output (REFO)

0010 = Input on MDCIN2 pin

0001 = Input on MDCIN1 pin

0000 = Vss

CLODIS: DSM Low Carrier Output Disable bit

1 = Output signal driving the peripheral output pin (selected by CL<3:0>) is disabled

0 = Output signal driving the peripheral output pin is enabled
CLPOL: DSM Low Carrier Polarity Select bit

1 = Selected low carrier signal is inverted
0 = Selected low carrier signal is not inverted

CLSYNC: DSM Low Carrier Synchronization Enable bit

1 = Modulator waits for a falling edge on the low carrier before allowing a switch to the high carrier
0 = Modulator output is not synchronized to the low time carrier signal(l)

Unimplemented: Read as ‘0’
CL<3:0>: DSM Data Low Carrier Selection bits(?)
Bit settings are identical to those for CH<3:0>.

Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
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25.0 OVERVIEW OF ADVANCED
ANALOG FEATURES

The defining feature of PIC24FJ128GC010 family
devices is the collection of analog peripherals, designed
to extend the range of PIC24F microcontrollers into
high-performance analog and mixed-signal applications.
All devices include a set of new advanced modules and
several existing analog peripherals, plus a common
voltage reference for ease of use.

The analog block includes four new modules:

» 12-Bit High-Speed, Pipeline A/D Converter
(described in Section 26.0 “ 12-Bit High-Speed,
Pipeline A/D Converter”)

» 16-Bit Sigma-Delta A/D (described
in Section 27.0 “16-Bit Sigma-Delta
Analog-to-Digital (A/D) Converter”)

» Dual 10-Bit Digital-to-Analog Converters
(described in Section 28.0 “10-Bit
Digital-to-Analog Converter (DAC)")

+ Dual Operational Amplifiers (described in
Section 29.0 “Dual Operational Amplifier
Module”)

It also includes these legacy PIC24F analog modules:

+ Triple Comparator module (described in
Section 30.0 “Triple Comparator Module”) with
independent voltage reference (described in
Section 31.0 “Comparator Voltage Reference”)

CTMU (described in Section 32.0 “Charge Time
Measurement Unit (CTMU)")

A high-level overview of the analog block and its inte-
grating features is shown in Figure 25-1. For a more
detailed diagram of each module and an explanation of
its operation, please refer to the appropriate chapter.

Additional information for using the analog peripherals
can be found in the following documents:

* AN1607, “PIC24FJ128GC010 Analog Design
Guide” (DS00001607)

+ “Migrating to the New PIC24F Pipeline and
Sigma-Delta ADCs” (DS00001668)

25.1 Shared Analog Pins

Apart from the reserved differential inputs for the
Sigma-Delta A/D Converter, PIC24FJ128GC010 family
devices may have up to 50 analog input channels (in
100-pin devices). Because of the number of analog
features available on the microcontroller, many of the
inputs and outputs of the other advanced analog
modules share pins with these channels.

Table 25-1 describes how features are multiplexed.
Note that not all of these analog channels and their
shared analog peripherals are available on all devices.

25.2 Internal Band Gap References

As an integrating feature, the analog block of the
P1C24FJ128GC010 family devices includes a common
internal voltage reference source. This band gap
provides several functions:

» A single, configurable internal reference source
(BGBUFO) for all on-chip analog consumers

» Two additional and independently programmable
band gap sources that can provide buffered
internal references (BGBUF1 and BGBUF2) to
external pins

» Independent configurability of all sources in Idle,
Sleep and other low-power modes, allowing for
flexibility in power consumption

The reference sources are controlled by three
registers: BUFCONO for the internal reference
(Register 25-1), and BUFCON1 and BUFCON2
(Register 25-2) for the buffered references.
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FIGURE 30-2:

INDIVIDUAL COMPARATOR CONFIGURATIONS WHEN CREF =0

Comparator Off
CEN =0, CREF = x, CCH<1:0> = xx

COE
VIN- | ™ .
Cx g
VIN+
N Off (Read as ‘0’) CxOUT
Pin
Comparator CxINB > CxINA Compare Comparator CxINC > CxINA Compare
CEN =1, CCH<1:0> = 00, CVREFM<1:0> = xx CEN =1, CCH<1:0> = 01, CVREFM<1:0> = xx
COE COE

CxINB M—
CxINA |X|—0M+

Cx —/'_&

CXINC M—
CxINA M-ﬁ-

Cx —/:_&

CxOUT CxOUT
Pin Pin
Comparator CxIND > CxINA Compare Comparator VBG > CxINA Compare
CEN =1, CCH<1:0> = 10, CVREFM<1:0> = xx CEN =1, CCH<1:0> =11, CVREFM<1:0> = 00
Vi COE v COE
oxiND [YX——e—— VBe — o YN |7 ,
CX > 7 CX > 7
VIN+ VIN+
CxiNa PX——e—"+ cxout | CxNA DX+ CxOUT
Pin Pin

Comparator VBG > CxINA Compare
CEN =1, CCH<1:0> = 11, CVREFM<1:0> = 01

\VBG/2 —.ﬂ —

CxINA |X|—oﬂ +

COE

Cx —/:_&

CxOuUT
Pin

Comparator CxIND > CxINA Compare
CEN =1, CCH<1:0> = 11, CVREFM<1:0> = 11

COE

VIN-
VREF+ |E—0— — |
o> X

CxINA N +

CxOuUT
Pin
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34.3 Watchdog Timer (WDT)

For PIC24FJ128GC010 family devices, the WDT is
driven by the LPRC Oscillator. When the WDT is
enabled, the clock source is automatically enabled.

The nominal WDT clock source is the LPRC (31 kHz).
This feeds a prescaler that can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the FWPSA Configuration bit.
With a 31 kHz input, the prescaler yields a nominal
WDT Time-out period (TwDT) of 1 ms in 5-bit mode or
4 ms in 7-bit mode.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPS<3:0> Con-
figuration bits (CW1<3:0>), which allows the selection
of a total of 16 settings, from 1:1 to 1:32,768. Using the
prescaler and postscaler time-out periods, ranges from
1 ms to 131 seconds can be achieved.

The WDT, prescaler and postscaler are reset:

* On any device Reset

» On the completion of a clock switch, whether
invoked by software (i.e., setting the OSWEN bit
after changing the NOSCx bits) or by hardware
(i.e., Fail-Safe Clock Monitor)

* When a PWRSAV instruction is executed
(i.e., Sleep or Idle mode is entered)

* When the device exits Sleep or Idle mode to
resume normal operation

* By a CLRVWDT instruction during normal execution

If the WDT is enabled, it will continue to run during
Sleep or Idle modes. When the WDT time-out occurs,
the device will wake the device and code execution will
continue from where the PWRSAV instruction was
executed. The corresponding SLEEP or IDLE
(RCON<3:2>) bit will need to be cleared in software
after the device wakes up.

The WDT Flag bit, WDTO (RCON<4>), is not auto-
matically cleared following a WDT time-out. To detect
subsequent WDT events, the flag must be cleared in
software.

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.

34.3.1 WINDOWED OPERATION

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

Windowed WDT mode is enabled by programming the
WINDIS Configuration bit (CW1<5>) to ‘0’.

34.3.2 CONTROL REGISTER

The WDT is enabled or disabled by the FWDTEN<1:0>
Configuration bits. When the Configuration bits,
FWDTEN<1:0> = 11, the WDT is always enabled.

The WDT can be optionally controlled in software when
the Configuration bits, FWDTEN<1:0> = 10. When
FWDTEN<1:0> = 00, the Watchdog Timer is always
disabled. 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 software
WDT option allows the user to enable the WDT for
critical Code Segments and disable the WDT during
non-critical segments for maximum power savings.

FIGURE 34-2: WDT BLOCK DIAGRAM
SWDTEN :D;
p—» LPRC Control
FWDTEN<1:0> —_D—> Wake from Sleep
FWPSA WDTPS<3:0>
| |
Prescaler - WDT o | Postscaler >—<J|D_> WDT Overflow
LPRC Input (5-bit/7-bit) " | Counter "1 1:110 1:32.768 | Reset
31 kHz A 1 ms/4 ms A
All Device Resets
Transition to
New Clock Source
Exit Sleep or
Idle Mode
CLRWDT Instr. :E>
PWRSAV Instr. -

Sleep or Idle Mode
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TABLE 36-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonis Assembly Syntax Description words | Cycles | Affectod
TBLRDH TBLRDH W, Wi Read Prog<23:16> to Wd<7:0> 1 2 None
TBLRDL TBLRDL W, Wi Read Prog<15:0> to Wd 1 2 None
TBLWI'H TBLWI'H Ws, Wi Write Ws<7:0> to Prog<23:16> 1 2 None
TBLWIL TBLWIL W, Wi Write Ws to Prog<15:0> 1 2 None
ULNK ULNK Unlink Frame Pointer 1 1 None
XOR XOR f f=f.XOR. WREG 1 1 N, Z
XOR f, WREG WREG = f .XOR. WREG 1 1 N, Z
XOR #it10, W Wd = 1it10 .XOR. Wd 1 1 N, Z
XOR W, V&, Wi Wd = Wb .XOR. Ws 1 1 N, Z
XOR W, #lit5, Wi Wd = Wb .XOR. lit5 1 1 N, Z
ZE ZE Ws, Whd Wnd = Zero-Extend Ws 1 1 C,Z N
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NOTES:
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FIGURE 38-47: 10-BIT DAC OFFSET vs. TEMPERATURE
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FIGURE 38-48: 10-BIT DAC GAIN vs. TEMPERATURE
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Notes:
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