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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

16-Bit

32MHz

12C, IrDA, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, GFX, LVD, POR, PWM, WDT
84

256KB (85.5K x 24)

FLASH

96K x 8

2.2V ~ 3.6V

A/D 24x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

121-TFBGA

121-TFBGA (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/pic24fj256da210-i-bg

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic24fj256da210-i-bg-4394745
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

"ou| ABojouyoa] diyoouoi\ 0102 @

€6 abed-g6966£Sa

TABLE 4-6:

INTERRUPT CONTROLLER REGISTER MAP (CONTINUED)

NzirI:e Addr | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R:;I(Iets
IPC16 00C4 — CRCIP2 CRCIP1 CRCIPO — U2ERIP2 U2ERIP1 U2ERIPO — U1ERIP2 U1ERIP1 U1ERIPO — — — — 4440
IPC18 00C8 — — — — — — — — — — — — — LVDIP2 LVDIP1 LVDIPO 0004
IPC19 00CA — — — — — — — — — CTMUIP2 CTMUIP1 CTMUIPO — — — — 0040
IPC20 00CC — U3TXIP2 U3TXIP1 U3TXIPO — U3RXIP2 U3RXIP1 U3RXIPO — U3ERIP2 U3ERIP1 U3ERIPO — — — — 4440
IPC21 00CE — U4ERIP2 | U4ERIP1 U4ERIPO — USB1IP2 USB1IP1 USB1IPO — MI2C3IP2 MI2C3IP1 MI2C3IPO — SI2C3IP2 | SI2C3IP1 | SI2C3IPO 4444
IPC22 00DO0 — SPI3IP2 SPI3IP1 SPI3IPO — SPF3IP2 SPF3IP1 SPF3IPO — UATXIP2 U4TXIP1 U4TXIPO — U4RXIP2 | U4RXIP1 | U4RXIPO 4444
IPC23 00D2 — — — — — — — — — ICaIP2 IC9IP1 IC9IPO — OCIIP2 OCIIP1 OC9IPO 0044
IPC25 00D6 — — — — — — — — — — — — — GFX1IP2 | GFX1IP1 | GFX1IPO 0004
INTTREG | 00E0O | CPUIRQ — VHOLD — ILR3 ILR2 ILR1 ILRO — VECNUM6 | VECNUM5 | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1| VECNUMO | 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1: Unimplemented in 64-pin devices, read as ‘0’.
2: The Reset value in 64-pin devices are ‘0004’.
TABLE 4-7: TIMER REGISTER MAP

NTrI:e Addr Bit 15 Bit 14 Bit13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Reﬁtts
TMR1 0100 Timer1 Register 0000
PR1 0102 Timer1 Period Register FFFF
T1CON 0104 TON — TSIDL — — — — — — TGATE | TCKPS1 | TCKPSO — TSYNC | TCS — 0000
TMR2 0106 Timer2 Register 0000
TMR3HLD 0108 Timer3 Holding Register (for 32-bit timer operations only) 0000
TMR3 010A Timer3 Register 0000
PR2 010C Timer2 Period Register FFFF
PR3 010E Timer3 Period Register FFFF
T2CON 0110 TON — TSIDL — — — — — — TGATE | TCKPS1 | TCKPSO T32 — TCS — 0000
T3CON 0112 TON — TSIDL — — — — — — TGATE | TCKPS1 | TCKPSO — — TCS — 0000
TMR4 0114 Timer4 Register 0000
TMR5HLD 0116 Timer5 Holding Register (for 32-bit operations only) 0000
TMR5 0118 Timer5 Register 0000
PR4 011A Timer4 Period Register FFFF
PR5 011C Timer5 Period Register FFFF
T4CON 011E TON — TSIDL — — — — — — TGATE | TCKPS1 | TCKPSO T45 — TCS — 0000
T5CON 0120 TON — TSIDL — — — — — — TGATE | TCKPS1 | TCKPSO — — TCS — 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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PIC24FJ256DA210 FAMILY

The page registers (DSRPAG/DSWPAG) do not
update automatically while crossing a page boundary,
when the rollover happens from OxFFFF to 0x8000.
While developing code in assembly, care must be taken
to update the page registers when an Address Pointer
crosses the page boundary. The ‘C’ compiler keeps
track of the addressing, and increments or decrements
the page registers accordingly while accessing

contiguous data memory locations.

Note 1: All write operations to EDS are executed

in a single cycle.
Use of Read/Modify/Write operation on

any EDS location under a REPEAT

instruction is not supported. For example,
BCLR, BSW BTG RLC f, RLNC f,
RRC f, RRNC f, ADD f, SUB f,
SUBR f, AND f, IOR f, XOR f,
ASR f, ASL f.

Use the DSRPAG register while
performing Read/Modify/Write operation.

TABLE 4-35: EDS MEMORY ADDRESS WITH DIFFERENT PAGES AND ADDRESSES

DSRPAG DSWPAG _ Source/Destin?tion 24_-B_it EA
(Data Space Read Register) (Data Space Write Address while Pointing to Comment
Register) Indirect Addressing EDS
x( x( 0x0000 to OX1FFF | 0x000000 to |Near data
0x001FFF | space(®
0x2000 to Ox7FFF 0x002000 to
0x007FFF
0x001 0x001 0x008000 to
0x00FFFE
0x002 0x002 0x010000 to |32 Kbytes on
0x017FFE | each page
0x003 0x003 0x018000 to | Only 2 Kbytes
0x8000 to OXFFFF | 0,0187FE | of extended
SRAM on this
page
0x004 0x004 0x018800 to
0x027FFE
. . . EPMP
. . . memory
spacel®
Ox1FF Ox1FF OxFF8000 to
OxFFFFFE
0x000 0x000 Invalid Address | Address error
trap(3)

Note 1: If the source/destination address is below 0x8000, the DSRPAG and DSWPAG registers are not considered.
2: This data space can also be accessed by Direct Addressing.
3:  When the source/destination address is above 0x8000 and DSRPAG/DSWPAG is ‘0’, an address error

trap will occur.

4: EPMP memory space can start from location, 0x008000, in the parts with 24 Kbytes of data memory

(PIC24FJXXXDA1XX)

DS39969B-page 74
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REGISTER 7-22: IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

U-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— AD1IP2 AD1IP1 AD1IPO — U1TXIP2 U1TXIP1 U1TXIPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-7 Unimplemented: Read as ‘0’
bit 6-4 AD1IP<2:0>: A/D Conversion Complete 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 U1TXIP<2:0>: UART1 Transmitter Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

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

DS39969B-page 120 © 2010 Microchip Technology Inc.
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8.1 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 primary oscillator and FRC sources have the
option of using the internal 24x PLL block, which
generates the USB module clock, the Graphics module
clock and a separate system clock through the 96 MHZ
PLL. Refer to Section 8.5 “96 MHz PLL Block” for
additional information.

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/0O pin for some operating modes of the primary
oscillator.

8.2 Initial Configuration on POR

The oscillator source (and operating mode) that is used
at a device Power-on Reset (POR) event is selected
using Configuration bit settings. The oscillator Configu-
ration bit settings are located in the Configuration
registers in the program memory (refer to Section 27.1
“Configuration Bits” for further details). 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 POR. The FRC primary oscillator with postscaler
(FRCDIV) is the default (unprogrammed) selection. The
secondary oscillator, or one of the internal oscillators,
may be chosen by programming these bit locations.

The Configuration bits allow users to choose between
the various clock modes, shown in Table 8-1.

8.2.1 CLOCK SWITCHING MODE
CONFIGURATION BITS

The FCKSM 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 8-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION
Oscillator Mode Oscillator Source POSCMD<1:0> FNOSC<2:0> Notes
Fast RC Oscillator with Postscaler Internal 11 111 1,2
(FRCDIV)
FRC Oscillator/16 (500 KHz) Internal 11 110 1
Low-Power RC Oscillator (LPRC) Internal 11 101 1
Secondary (Timer1) Oscillator Secondary 11 100 1
(SOSC)
Primary Oscillator (XT) with PLL Primary 01 011 —
Module (XTPLL)
Primary Oscillator (EC) with PLL Primary 00 011 1
Module (ECPLL)
Primary Oscillator (HS) Primary 10 010 —
Primary Oscillator (XT) Primary 01 010 —
Primary Oscillator (EC) Primary 00 010 1
Fast RC Oscillator with PLL Module Internal 11 001 1
(FRCPLL)
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.

DS39969B-page 142
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8.5.2 USB CLOCK GENERATION

In the USB-On-The-Go module in PIC24FJ256DA210
family of devices, the primary oscillator with the PLL
block can be used as a valid clock source for USB oper-
ation. The FRC oscillator (implemented with +0.25%
accuracy) can be combined with a PLL block, providing
another option for a valid USB clock source. There is
no provision to provide a separate external 48 MHz
clock to the USB module. The USB module sources its

TABLE 8-3:

clock signal from 96 MHz PLL. Due to the requirement
that a 4 MHz input must be provided to generate the
96 MHz signal, the oscillator operation is limited to a
range of possible values. Table 8-3 shows the valid
oscillator configurations (i.e., ECPLL, HSPLL, XTPLL
and FRCPLL) for USB operation. This sets the correct
PLLDIV configuration for the specified oscillator
frequency and the output frequency of the USB clock
branch is always 48 MHz.

VALID OSCILLATOR CONFIGURATIONS FOR USB OPERATIONS

Input Oscillator Frequency Clock Mode (EII:II:DDIVLSZ’I:?)Z)
48 MHz ECPLL +12 (111)
32 MHz HSPLL, ECPLL +8(110)
24 MHz HSPLL, ECPLL +6 (101)
20 MHz HSPLL, ECPLL +5(100)
16 MHz HSPLL, ECPLL +4 (011)
12 MHz HSPLL, ECPLL +3(010)
8 MHz ECPLL, HSPLL, XTPLL, FRCPLL +2 (001)
4 MHz ECPLL, HSPLL, XTPLL, FRCPLL +1 (000)

Note:  For USB devices, the use of a primary oscillator or external clock source, with a frequency above 32 MHz,
does not imply that the device’s system clock can be run at the same speed when the USB module is not
used. The maximum system clock for all PIC24F devices is 32 MHz.

8.5.3 CONSIDERATIONS FOR USB
OPERATION

When using the USB On-The-Go module in
PI1C24FJ256DA210 family devices, users must always
observe these rules in configuring the system clock:

» For USB operation, the selected clock source
(EC, HS or XT) must meet the USB clock
tolerance requirements.

» The Primary Oscillator/PLL modes are the only
oscillator configurations that permit USB opera-
tion. There is no provision to provide a separate
external clock source to the USB module.

» While the FRCPLL Oscillator mode is used for
USB applications, users must always ensure that
the FRC source is configured to provide a
frequency of 4 MHz or 8 MHz (RCDIV<2:0> =001
or 000) and that the USB PLL prescaler is
configured appropriately.

All other oscillator modes are available; however, USB
operation is not possible when these modes are
selected. They may still be useful in cases where other
power levels of operation are desirable and the USB
module is not needed (e.g., the application is sleeping
and waiting for a bus attachment).

8.54 GRAPHICS CLOCK GENERATION

Two stable clock signals are generated for the graphics
controller in the PIC24FJ256DA210 family of devices.
The first clock is for the graphics controller module logic
and the second clock is for the display module interface
logic that generates the signals for the display glass.
Figure 8-2 shows this logic in the graphics clock
sub-block. Both clock signals are generated either from
the Graphics Clock Option 1 (96 MHz branch) or the
Graphics Clock Option 2 (48 MHz branch). Selection is
set in the multiplexer using the G1CLKSEL
(CLKDIV<4>) control bit. Graphics controller module
logic directly uses the output of that multiplexer while
the display module interface clock is further condi-
tioned through a postscaler to generate 128 possible
frequencies. The final clock output signal is selected
through a multiplexer using the GCLKDIV<6:0>
(CLKDIV2<15:9>) control bits. The 128 selections vary
in increments of 0.25, 0.5, and 1.0. Refer to Table 8-4
for details. Note that for applications that use the
graphics controller (GFX) module, the 96 MHz PLL
must be enabled.

© 2010 Microchip Technology Inc.
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10.4.5 CONSIDERATIONS FOR
PERIPHERAL PIN SELECTION

The ability to control Peripheral Pin Selection intro-
duces several considerations into application design
that could be overlooked. This is particularly true for
several common peripherals that are available only as
remappable peripherals.

The main consideration is that the Peripheral Pin
Selects are not available on default pins in the device’s
default (Reset) state. Since all RPINRXx registers reset
to 111111’ and all RPORX registers reset to ‘000000’,
all Peripheral Pin Select inputs are tied to Vss and all
Peripheral Pin Select outputs are disconnected.

Note: In tying Peripheral Pin Select inputs to
RP63, RP63 need not exist on a device for
the registers to be reset to it.

This situation requires the user to initialize the device
with the proper peripheral configuration before any
other application code is executed. Since the IOLOCK
bit resets in the unlocked state, it is not necessary to
execute the unlock sequence after the device has
come out of Reset. For application safety, however, it is
best to set IOLOCK and lock the configuration after
writing to the control registers.

Because the unlock sequence is timing-critical, it must
be executed as an assembly language routine in the
same manner as changes to the oscillator configura-
tion. If the bulk of the application is written in ‘C’, or
another high-level language, the unlock sequence
should be performed by writing in-line assembly.

Choosing the configuration requires the review of all
Peripheral Pin Selects and their pin assignments,
especially those that will not be used in the application.
In all cases, unused pin-selectable peripherals should
be disabled completely. Unused peripherals should
have their inputs assigned to an unused RPn/RPIn pin
function. I/O pins with unused RPn functions should be
configured with the null peripheral output.

The assignment of a peripheral to a particular pin does
not automatically perform any other configuration of the
pin’s 1/O circuitry. In theory, this means adding a
pin-selectable output to a pin may mean inadvertently
driving an existing peripheral input when the output is
driven. Users must be familiar with the behavior of
other fixed peripherals that share a remappable pin and
know when to enable or disable them. To be safe, fixed
digital peripherals that share the same pin should be
disabled when not in use.

Along these lines, configuring a remappable pin for a
specific peripheral does not automatically turn that
feature on. The peripheral must be specifically config-
ured for operation, and enabled as if it were tied to a fixed
pin. Where this happens in the application code (immedi-
ately following device Reset and peripheral configuration
or inside the main application routine) depends on the
peripheral and its use in the application.

A final consideration is that Peripheral Pin Select func-
tions neither override analog inputs nor reconfigure
pins with analog functions for digital 1/O. If a pin is
configured as an analog input on device Reset, it must
be explicitly reconfigured as digital I/O when used with
a Peripheral Pin Select.

Example 10-3 shows a configuration for bidirectional
communication with flow control using UART1. The
following input and output functions are used:

¢ Input Functions: U1RX, U1CTS

* Qutput Functions: U1TX, U1RTS

EXAMPLE 10-3: CONFIGURING UART1
INPUT AND OUTPUT
FUNCTIONS

/1 Unl ock Registers
asmvolatile( "MWV #OSCCON, wl \'n"

"MV #0x46, w2 \n"
"MV #0x57, w3 \n"
"MOV.b w2, [wl] \n"
"MOV.b w3, [wi] \n"

"BCLR OSCCON, #6") ;

// or use C30 built-in macro:
// __builtin write OSCCONL (OSCCON & Oxbf) ;

/1 Configure Input Functions (Table 10-2))
/1 Assign ULRX To Pin RPO
RPI NR18bi t s. ULRXR = O0;

/1 Assign ULCTS To Pin RP1
RPI NR18bi ts. ULCTSR = 1;

/1 Configure Qutput Functions (Table 10-4)
/1 Assign ULTX To Pin RP2
RPOR1bits. RP2R = 3;

/1 Assign ULRTS To Pin RP3
RPOR1bi ts. RP3R = 4;

/'l Lock Registers
asmvol atile ("MOV  #OSCCON, wl \n"

"MV #0x46, w2 \n"
"MV #0x57, wa \n"
“MOV.b w2, [wi]\ n"
“MOV.b w3, [wi] \n"

"BSET OSCCON, #6")

// or use C30 built-in macro:
// __builtin write OSCCONL (OSCCON | 0x40) ;

DS39969B-page 168
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12.0 TIMER2/3 AND TIMER4/5

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 14. “Timers” (DS39704). The
information in this data sheet supersedes
the information in the FRM.

The Timer2/3 and Timer4/5 modules are 32-bit timers,
which can also be configured as four independent, 16-bit
timers with selectable operating modes.

As 32-bit timers, Timer2/3 and Timer4/5 can each
operate in three modes:

+ Two independent 16-bit timers with all 16-bit
operating modes (except Asynchronous Counter
mode)

+ Single 32-bit timer
+ Single 32-bit synchronous counter
They also support these features:

» Timer Gate Operation

+ Selectable Prescaler Settings

» Timer Operation during Idle and Sleep modes
* Interrupt on a 32-Bit Period Register Match

» ADC Event Trigger (only on Timer2/3 in 32-bit
mode and Timer3 in 16-bit mode)

Individually, all four of the 16-bit timers can function as
synchronous timers or counters. They also offer the
features listed above, except for the ADC Event
Trigger; this is implemented only on Timer2/3 in 32-bit
mode and Timer3 in 16-bit mode. The operating modes
and enabled features are determined by setting the
appropriate bit(s) in the T2CON, T3CON, T4CON and
T5CON registers. T2CON and T4CON are shown in
generic form in Register 12-1; T3CON and T5CON are
shown in Register 12-2.

For 32-bit timer/counter operation, Timer2 and Timer4
are the least significant word; Timer3 and Timer4 are
the most significant word of the 32-bit timers.

Note: For 32-bit operation, T3CON and T5CON
control bits are ignored. Only T2CON and
T4CON control bits are used for setup and
control. Timer2 and Timer4 clock and gate
inputs are utilized for the 32-bit timer
modules, but an interrupt is generated with
the Timer3 or Timer5 interrupt flags.

To configure Timer2/3 or Timer4/5 for 32-bit operation:

1. Set the T32 bit (T2CON<3> or T4CON<3> =1).

2. Select the prescaler ratio for Timer2 or Timer4
using the TCKPS<1:0> bits.

3. Setthe Clock and Gating modes using the TCS
and TGATE bits. If TCS is set to an external
clock, RPINRx (TxCK) must be configured to
an available RPn/RPIn pin. For more informa-
tion, see Section 10.4 “Peripheral Pin Select
(PPS)”.

4. Load the timer period value. PR3 (or PR5) will
contain the most significant word (msw) of the
value while PR2 (or PR4) contains the least
significant word (Isw).

5. Ifinterrupts are required, set the interrupt enable
bit, T3IE or TSIE; use the priority bits, T3IP<2:0>
or T5IP<2:0>, to set the interrupt priority. Note
that while Timer2 or Timer4 controls the timer,
the interrupt appears as a Timer3 or Timer5
interrupt.

6. Set the TON bit (= 1).

The timer value, at any point, is stored in the register
pair, TMR<3:2> (or TMR<5:4>). TMR3 (TMR5) always
contains the most significant word of the count, while
TMR2 (TMR4) contains the least significant word.

To configure any of the timers for individual 16-bit
operation:

1. Clear the T32 bit corresponding to that timer
(T2CON<3> for Timer2 and Timer3 or
T4CON<3> for Timer4 and Timer5).

2. Select the timer prescaler ratio using the
TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the TCS
and TGATE bits. See Section 10.4 “Peripheral
Pin Select (PPS)” for more information.

4. Load the timer period value into the PRx register.

5. Ifinterrupts are required, set the interrupt enable
bit, TXIE; use the priority bits, TxIP<2:0>, to set
the interrupt priority.

6. Setthe TON (TXCON<15> = 1) bit.

© 2010 Microchip Technology Inc.
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REGISTER 14-2: OCxCON2: OUTPUT COMPARE x CONTROL REGISTER 2 (CONTINUED)

bit 4-0

Note 1:

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

11111 = This OC module(")
11110 = Input Capture 9(2)
11101 = Input Capture 6
11100 = CTMU@

11011 = AID@)

11010 = Comparator 3
11001 = Comparator 22
11000 = Comparator 12
10111 = Input Capture 4
10110 = Input Capture 3
10101 = Input Capture 2(2)
10100 = Input Capture 1
10011 = Input Capture 8(2)
10010 = Input Capture 7(2)
1000x = Reserved

01111 = Timer5

01110 = Timer4

01101 = Timer3

01100 = Timer2

01011 = Timer1

01010 = Input Capture 5
01001 = Output Compare 91
01000 = Output Compare 8(1)
00111 = Qutput Compare 7t
00110 = QOutput Compare 6"
00101 = Output Compare 5(1)
00100 = Output Compare 4{1)
00011 = Output Compare 3!
00010 = Output Compare 2{1)
00001 = Qutput Compare 11
00000 = Not synchronized to any other module

Never use an OC module as its own trigger source, either by selecting this mode or another equivalent
SYNCSEL setting.

Use these inputs as trigger sources only and never as sync sources.
The DCB<1:0> bits are double-buffered in the PWM modes only (OCM<2:0> (OCxCON1<2:0>) =111, 110).

© 2010 Microchip Technology Inc. DS39969B-page 209
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NOTES:
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18.0 UNIVERSAL SERIAL BUS WITH
ON-THE-GO SUPPORT (USB
OTG)

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 27. “USB On-The-Go (OTG)”
(DS39721). The information in this data
sheet supersedes the information in the

FRM.

PIC24FJ256DA210 family devices contain a full-speed
and low-speed compatible, On-The-Go (OTG) USB
Serial Interface Engine (SIE). The OTG capability
allows the device to act either as a USB peripheral
device or as a USB embedded host with limited host
capabilities. The OTG capability allows the device to
dynamically switch from device to host operation using
OTG’s Host Negotiation Protocol (HNP).

For more details on OTG operation, refer to the
“On-The-Go Supplement to the USB 2.0 Specification”,
published by the USB-IF. For more details on USB oper-
ation, refer to the “Universal Serial Bus Specification”,
v2.0.

The USB OTG module offers these features:

» USB functionality in Device and Host modes, and
OTG capabilities for application-controlled mode
switching

» Software-selectable module speeds of full speed
(12 Mbps) or low speed (1.5 Mbps, available in
Host mode only)

 Support for all four USB transfer types: control,
interrupt, bulk and isochronous

* 16 bidirectional endpoints for a total of 32 unique
endpoints

+ DMA interface for data RAM access

* Queues up to sixteen unique endpoint transfers
without servicing

* Integrated, on-chip USB transceiver with support
for off-chip transceivers via a digital interface

« Integrated VBUS generation with on-chip
comparators and boost generation, and support of
external VBUS comparators and regulators
through a digital interface

+ Configurations for on-chip bus pull-up and
pull-down resistors

A simplified block diagram of the USB OTG module is
shown in Figure 18-1.

The USB OTG module can function as a USB peripheral
device or as a USB host, and may dynamically switch
between Device and Host modes under software
control. In either mode, the same data paths and Buffer
Descriptors (BDs) are used for the transmission and
reception of data.

In discussing USB operation, this section will use a
controller-centric nomenclature for describing the direc-
tion of the data transfer between the microcontroller and
the USB. RX (Receive) will be used to describe transfers
that move data from the USB to the microcontroller and
TX (Transmit) will be used to describe transfers that
move data from the microcontroller to the USB.
Table 18-1 shows the relationship between data
direction in this nomenclature and the USB tokens
exchanged.

TABLE 18-1: CONTROLLER-CENTRIC
DATA DIRECTION FOR USB

HOST OR TARGET
Direction
USB Mode
RX TX
Device OUT or SETUP IN
Host IN OUT or SETUP

This chapter presents the most basic operations
needed to implement USB OTG functionality in an
application. A complete and detailed discussion of the
USB protocol and its OTG supplement are beyond the
scope of this data sheet. It is assumed that the user
already has a basic understanding of USB architecture
and the latest version of the protocol.

Not all steps for proper USB operation (such as device
enumeration) are presented here. It is recommended
that application developers use an appropriate device
driver to implement all of the necessary features.
Microchip provides a number of application-specific
resources, such as USB firmware and driver support.
Refer to www.microchip.com/usb for the latest
firmware and driver support.
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18.1.2.3  VBUS Voltage Generation with
External Devices

When operating as a USB host, either as an A-device
in an OTG configuration or as an embedded host, VBUS
must be supplied to the attached device.
PIC24FJ256DA210 family devices have an internal
VBUS boost assist to help generate the required 5V
VBUS from the available voltages on the board. This is
comprised of a simple PWM output to control a Switch
mode power supply, and built-in comparators to
monitor output voltage and limit current.

To enable voltage generation:

1. Verify that the USB module is powered
(UTPWRC<0> = 1) and that the VBUS discharge
is disabled (U1OTGCON<0> = 0).

2. Set the PWM period (UIPWMRRS<7:0>) and
duty cycle (U1IPWMRRS<15:8>) as required.

3. Select the required polarity of the output signal
based on the configuration of the external circuit
with the PWMPOL bit (U1PWMCON<9>).

4. Select the desired target voltage using the
VBUSCHG bit (UTOTGCON<1>).

5. Enable the PWM counter by setting the CNTEN
bit to ‘1’ (U1PWMCON<8>).

6. Enable the PWM module by setting the PWMEN
bit (UITPWMCON<15>) to ‘1".

7. Enable the VBUS generation circuit
(UTOTGCON<3> = 1).

Note: This section describes the general
process for VBUS voltage generation and
control. Please refer to the “PIC24F
Family Reference Manual” for additional
examples.

18.1.3 USING AN EXTERNAL INTERFACE

Some applications may require the USB interface to be
isolated from the rest of the system.
PIC24FJ256DA210 family devices include a complete
interface to communicate with and control an external
USB transceiver, including the control of data line
pull-ups and pull-downs. The VBUS voltage generation
control circuit can also be configured for different VBUS
generation topologies.

Refer to the “PIC24F Family Reference Manual,
Section 27. “USB On-The-Go (OTG)” for information
on using the external interface.

18.1.4 CALCULATING TRANSCEIVER
POWER REQUIREMENTS

The USB transceiver consumes a variable amount of
current depending on the characteristic impedance of
the USB cable, the length of the cable, the VUsB supply
voltage and the actual data patterns moving across the
USB cable. Longer cables have larger capacitances
and consume more total energy when switching output
states. The total transceiver current consumption will
be application-specific. Equation 18-1 can help
estimate how much current actually may be required in
full-speed applications.

Refer to the “PIC24F Family Reference Manual’,
Section 27. “USB On-The-Go (OTG)” for a complete
discussion on transceiver power consumption.

EQUATION 18-1: ESTIMATING USB TRANSCEIVER CURRENT CONSUMPTION

IXCVR =

40 mA * VUSB * PZERO * PIN * LCABLE

+ IPULLUP

of ‘0.

cable.

33V e5m

Legend: VusB — Voltage applied to the VUSB pin in volts (3.0V to 3.6V).
PzERO — Percentage (in decimal) of the IN traffic bits sent by the PIC® microcontroller that are a value

PIN — Percentage (in decimal) of total bus bandwidth that is used for IN traffic.

LcABLE — Length (in meters) of the USB cable. The USB 2.0 Specification requires that full-speed
applications use cables no longer than 5m.

IPULLUP — Current which the nominal, 1.5 kQ pull-up resistor (when enabled) must supply to the USB

© 2010 Microchip Technology Inc.
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REGISTER 18-17: U1IR: USB INTERRUPT STATUS REGISTER (HOST MODE ONLY)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R/K-0, HS R-0 R/K-0, HS
STALLIF ATTACHIF | RESUMEIF IDLEIF TRNIF SOFIF UERRIF DETACHIF
bit 7 bit 0
Legend: U = Unimplemented bit, read as ‘0’
R = Readable bit K = Write ‘1’ to clear bit HS = Hardware Settable bit
-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 device during the handshake phase of the
transaction in Device mode
0 = A STALL handshake has not been sent

bit 6 ATTACHIF: Peripheral Attach Interrupt bit

1 = A peripheral attachment has been detected by the module; it is set if the bus state is not SEQ and
there has been no bus activity for 2.5 us
0 = No peripheral attacement has been detected

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 not complete; clear the U1STAT register or load the next token
from U1STAT
bit 2 SOFIF: Start-Of-Frame Token Interrupt bit

1 = A Start-Of-Frame token received by the peripheral or the Start-Of-Frame threshold reached by the host
0 = No Start-Of-Frame token 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 DETACHIF: Detach Interrupt bit

1 = A peripheral detachment has been detected by the module; Reset state must be cleared before
this bit can be reasserted

0 = No peripheral detachment is detected. 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 bit-
wise operations 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 22-32: G1DBEN: DATA I/O PAD ENABLE 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
GDBEN15 GDBEN14 GDBEN13 GDBEN12 | GDBEN11 | GDBEN10 | GDBEN9 GDBENS8
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
GDBEN7 GDBENG6 GDBENS5 GDBEN4 GDBEN3 GDBEN2 GDBEN1 GDBENO
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 15-0 GDBEN<15:0>: Display Data Pads Output Enable bits

1 = Corresponding display data (GD<x>) pin is enabled

0 = Corresponding display data (GD<x>) pin is disabled

GDBEN<15:0> can be used to disable or enable specific data signals while the DPPINOE bit
(G1CONB3<9>) is set.

GDBENXx
DPPINGE (where x = 0 to 15)
1 1 Display data signal (GD) associated with GDBENX is enabled.
0 Display data signal (GD) associated with GDBENX is disabled.
X Display data signal (GD) associated with GDBENX is disabled.
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NOTES:
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26.2 Measuring Time

Time measurements on the pulse width can be similarly
performed using the A/D module’s internal capacitor
(CAaD) and a precision resistor for current calibration.
Figure 26-2 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. A detailed discussion on
measuring capacitance and time with the CTMU module
is provided in the “PIC24F Family Reference Manuar.

26.3 Pulse Generation and Delay

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

FIGURE 26-2:
MEASUREMENT TIME

When the module is configured for pulse generation
delay by setting the TGEN (CTMUCON<12>) bit, 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 26-3 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 g'——»
—,— | EDG1 Current Source :

CTEDG2 |X|——>. EDG2 |

ANXx | g

PIC24F Device

FIGURE 26-3:
DELAY GENERATION

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE

_JL ctepet [——— EDGT

C2INB

PIC24F Device

Current Source

Comparator

CDELAY CVREF

————fX] cTPLS I
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REGISTER 27-2: CW2: FLASH CONFIGURATION WORD 2

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
bit 23 bit 16
R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1 R/PO-1
IESO | PLLDIV2 | PLLDIV1 | PLLDIVO | PLL96MHZ | FNOSC2 | FNOSC1 | FNOSCO
bit 15 bit 8
R/PO-1 R/PO-1 R/PO-1 R/PO-1 r-1 r-1 R/PO-1 R/PO-1
FCKSM1 | FCKSMO [ OSCIOFCN | IOL1WAY | reserved | reserved | POSCMD1 | POSCMDO
bit 7 bit 0
Legend: r = Reserved bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 23-16 Unimplemented: Read as ‘1’
bit 15 IESO: Internal External Switchover bit

1 = IESO mode (Two-Speed Start-up) is enabled
0 = IESO mode (Two-Speed Start-up) is disabled

bit 14-12 PLLDIV<2:0>: 96 MHz PLL Prescaler Select bits

111 = Oscillator input is divided by 12 (48 MHz input)
110 = Oscillator input is divided by 8 (32 MHz input)
101 = Oscillator input is divided by 6 (24 MHz input)
100 = Oscillator input is divided by 5 (20 MHz input)
011 = Oscillator input is divided by 4 (16 MHz input)
010 = Oscillator input is divided by 3 (12 MHz input)
001 = Oscillator input is divided by 2 (8 MHz input)
000 = Oscillator input is used directly (4 MHz input)

bit 11 PLL96MHZ: 96 MHz PLL Start-Up Enable bit

1= 96 MHz PLL is enabled automatically on start-up

0 = 96 MHz PLL is software controlled (can be enabled by setting the PLLEN bit in CLKDIV<5>)
bit 10-8 FNOSC<2:0>: Initial Oscillator Select bits

111 = Fast RC Oscillator with Postscaler (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)

010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)

000 = Fast RC Oscillator (FRC)

bit 7-6 FCKSM<1:0>: Clock Switching and Fail-Safe Clock Monitor Configuration bits

1x = Clock switching and Fail-Safe Clock Monitor are disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

bit 5 OSCIOFCN: OSCO Pin Configuration bit

If POSCMD<1:0> =11 or 00:

1 = OSCO/CLKO/RC15 functions as CLKO (Fosc/2)
0 = OSCO/CLKO/RC15 functions as port I1/0 (RC15)
If POSCMD<1:0> =10 or 01:

OSCIOFCN has no effect on OSCO/CLKO/RC15.
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27.3.1 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
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<6>) to ‘0’.

FIGURE 27-2: WDT BLOCK DIAGRAM

27.3.2 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 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.

WDTEN
|S:WDTEN j" LPRC Control

—_D—> Wake from Sleep

WDTPS<3:0>
|

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

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

T Reset

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
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TABLE 29-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Mnemonie Assembly Syntax Description Words | Cyoles |~ Affectod
TBLRDL TBLRDL W, Wi Read Prog<15:0> to Wd 1 2 None
TBLWIH TBLWIH W, 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, W\REG WREG = f .XOR. WREG 1 1 N, Z
XOR #1it10, Wh Wd =it10 .XOR. Wd 1 1 N, Z
XOR Vb, W&, Wi Wd = Wb .XOR. Ws 1 1 N, Z
XOR Wb, #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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64-Lead Plastic Quad Flat, No Lead Package (MR) — 9x9x0.9 mm Body [QFN]
With 0.40 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
ct '
W2 ‘
1 I
> 00000000 ooooo -
== {
—
— —
— — f
— —
— —
c2 [ - G
— —
— —
T2 — —{
— —
— —
— —
— —
— — i
LaH00000000000000
ol
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 7.35
Optional Center Pad Length T2 7.35
Contact Pad Spacing C1 8.90
Contact Pad Spacing C2 8.90
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 0.85
Distance Between Pads G 0.20
Notes:

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

Microchip Technology Drawing No. C04-2149A
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