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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"

Obsolete

PIC

16-Bit

32MHz

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

128KB (43K x 24)

FLASH

96K x 8

2.2V ~ 3.6V

A/D 24x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-TQFP

100-TQFP (12x12)
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PIC24FJ256GB210 FAMILY

High-Performance CPU

* Modified Harvard Architecture
* Up to 16 MIPS Operation at 32 MHz
* 8 MHz Internal Oscillator
» 17-Bit x 17-Bit Single-Cycle Hardware Multiplier
» 32-Bit by 16-Bit Hardware Divider
* 16 x 16-Bit Working Register Array
» C Compiler Optimized Instruction Set Architecture
with Flexible Addressing modes
* Linear Program Memory Addressing, up to
12 Mbytes
» Data Memory Addressing, up to 16 Mbytes:
- 2K SFR space
- 30K linear data memory
- 66K extended data memory
- Remaining (from 16 Mbytes) memory (external)
can be accessed using extended data Memory
(EDS) and EPMP (EDS is divided into 32-Kbyte
pages)
* Two Address Generation Units for Separate Read
and Write Addressing of Data Memory

Power Management:

» On-Chip Voltage Regulator of 1.8V

» Switch between Clock Sources in Real Time

« |dle, Sleep and Doze modes with Fast Wake-up and
Two-Speed Start-up

* Run Mode: 800 pA/MIPS, 3.3V Typical

» Sleep mode Current Down to 20 pA, 3.3V Typical

» Standby Current with 32 kHz Oscillator: 22 pA, 3.3V
Typical

Analog Features:

10-Bit, up to 24-Channel Analog-to-Digital (A/D)

Converter at 500 ksps:

- Operation is possible in Sleep mode

- Band gap reference input feature

Three Analog Comparators with Programmable

Input/Output Configuration

Charge Time Measurement Unit (CTMU):

- Supports capacitive touch sensing for touch
screens and capacitive switches

- Minimum time measurement setting at 100 ps

Available LVD Interrupt VLVD Level

Special Microcontroller Features:

Operating Voltage Range of 2.2V to 3.6V

5.5V Tolerant Input (digital pins only)

Configurable Open-Drain Outputs on Digital /0

Ports

High-Current Sink/Source (18 mA/18 mA) on all

1/0 Ports

Selectable Power Management modes:

- Sleep, Idle and Doze modes with fast wake-up

Fail-Safe Clock Monitor (FSCM) Operation:

- Detects clock failure and switches to on-chip,
FRC oscillator

On-Chip LDO Regulator

Power-on Reset (POR) and

Oscillator Start-up Timer (OST)

Brown-out Reset (BOR)

Flexible Watchdog Timer (WDT) with On-Chip

Low-Power RC Oscillator for Reliable Operation

In-Circuit Serial Programming™ (ICSP™) and

In-Circuit Debug (ICD) via 2 Pins

JTAG Boundary Scan Support

Flash Program Memory:

- 10,000 erase/write cycle endurance (minimum)

- 20-year data retention minimum

- Selectable write protection boundary

- Self-reprogrammable under software control

- Write protection option for Configuration Words
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426 SOFTWARE STACK

Apart from its use as a working register, the W15
register in PIC24F devices is also used as a Software
Stack Pointer (SSP). The pointer always points to the
first available free word and grows from lower to higher
addresses. It pre-decrements for stack pops and
post-increments for stack pushes, as shown in
Figure 4-7. Note that for a PC push during any CALL
instruction, the MSB of the PC is zero-extended before
the push, ensuring that the MSB is always clear.

Note: A PC push during exception processing
will concatenate the SRL register to the
MSB of the PC prior to the push.

The Stack Pointer Limit Value register (SPLIM), associ-
ated with the Stack Pointer, sets an upper address
boundary for the stack. SPLIM is uninitialized at Reset.
As is the case for the Stack Pointer, SPLIM<0> is
forced to ‘0’ as all stack operations must be
word-aligned. Whenever an EA is generated using
W15 as a source or destination pointer, the resulting
address is compared with the value in SPLIM. If the
contents of the Stack Pointer (W15) and the SPLIM reg-
ister are equal, and a push operation is performed, a
stack error trap will not occur. The stack error trap will
occur on a subsequent push operation. Thus, for
example, if it is desirable to cause a stack error trap
when the stack grows beyond address 2000h in RAM,
initialize the SPLIM with the value, 1FFEh.

Similarly, a Stack Pointer underflow (stack error) trap is
generated when the Stack Pointer address is found to
be less than 0800h. This prevents the stack from
interfering with the SFR space.

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 4-7: CALL STACK FRAME
0000h 15 0

3

S 8

N

3

% ; PC<15:0> <« W15 (before CALL)

15} 5 000000000| PC<22:16>

é T <Free Word> -« W15 (after CALL)

“y
POP : [--W5]
PUSH: [W15++]

4.3 Interfacing Program and Data
Memory Spaces

The PIC24F architecture uses a 24-bit wide program
space and 16-bit wide data space. The architecture is
also a modified Harvard scheme, meaning that data
can also be present in the program space. To use this
data successfully, it must be accessed in a way that
preserves the alignment of information in both spaces.

Aside from normal execution, the PIC24F architecture
provides two methods by which program space can be
accessed during operation:

» Using table instructions to access individual bytes
or words anywhere in the program space

» Remapping a portion of the program space into
the data space (program space visibility)

Table instructions allow an application to read or write
to small areas of the program memory. This makes the
method ideal for accessing data tables that need to be
updated from time to time. It also allows access to all
bytes of the program word. The remapping method
allows an application to access a large block of data on
a read-only basis, which is ideal for look ups from a
large table of static data. It can only access the least
significant word of the program word.

4.3.1 ADDRESSING PROGRAM SPACE

Since the address ranges for the data and program
spaces are 16 and 24 bits, respectively, a method is
needed to create a 23-bit or 24-bit program address
from 16-bit data registers. The solution depends on the
interface method to be used.

For table operations, the 8-bit Table Memory Page
Address register (TBLPAG) is used to define a 32K word
region within the program space. This is concatenated
with a 16-bit EA to arrive at a full 24-bit program space
address. In this format, the MSBs of TBLPAG are used
to determine if the operation occurs in the user memory
(TBLPAG<7> = 0) or the configuraton memory
(TBLPAG<7> =1).

For remapping operations, the 10-bit Extended Data
Space Read register (DSRPAG) is used to define a
16K word page in the program space. When the Most
Significant bit (MSb) of the EAis ‘1’, and the MSb (bit 9)
of DSRPAG is ‘1’, the lower 8 bits of DSRPAG are con-
catenated with the lower 15 bits of the EA to form a
23-bit program space address. The DSRPAG<8> bit
decides whether the lower word (when bit is ‘0’) or the
higher word (when bit is ‘1’) of program memory is
mapped. Unlike table operations, this strictly limits
remapping operations to the user memory area.

Table 4-35 and Figure 4-8 show how the program EA is
created for table operations and remapping accesses
from the data EA. Here, P<23:0> refers to a program
space word, whereas D<15:0> refers to a data space
word.

DS39975A-page 72
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REGISTER 6-1: RCON: RESET CONTROL REGISTER(!) (CONTINUED)

bit 2 IDLE: Wake-up From Idle Flag bit
1 = Device has been in Idle mode
0 = Device has not been in Idle mode
bit 1 BOR: Brown-out Reset Flag bit
1 = A Brown-out Reset has occurred
Note that BOR is also set after a Power-on Reset.
0 = A Brown-out Reset has not occurred
bit 0 POR: Power-on Reset Flag bit

1 = A Power-on Reset has occurred
0 = A Power-on Reset has not occurred

Note 1: All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not
cause a device Reset.

2: Ifthe FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the
SWDTEN bit setting.

3: Re-enabling the regulator after it enters Standby mode will add a delay, TVREG, when waking up from
Sleep. Applications that do not use the voltage regulator should set this bit to prevent this delay from
occurring.

TABLE 6-1: RESET FLAG BIT OPERATION

Flag Bit Setting Event Clearing Event
TRAPR (RCON<15>) Trap Conflict Event POR
IOPUWR (RCON<14>) lllegal Opcode or Uninitialized W Register Access POR
CM (RCON<9>) Configuration Mismatch Reset POR
EXTR (RCON<7>) MCLR Reset POR
SWR (RCON<6>) RESET Instruction POR
WDTO (RCON<4>) WDT Time-out CLRWDT, PWRSAV

Instruction, POR

SLEEP (RCON<3>) PWRSAV #0 Instruction POR
IDLE (RCON<2>) PWRSAV #1 Instruction POR
BOR (RCON<1>) POR, BOR —
POR (RCON<0>) POR —

Note:  All Reset flag bits may be set or cleared by the user software.

© 2010 Microchip Technology Inc.
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REGISTER 7-16: IEC5: INTERRUPT ENABLE CONTROL REGISTER 5 (CONTINUED)

bit 1 U3ERIE: UART3 Error Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 Unimplemented: Read as ‘0’

REGISTER 7-17: IPCO: INTERRUPT PRIORITY CONTROL REGISTER 0

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T11P2 T1IP1 T1IPO — OC1IP2 OC1IP1 OC1IPO
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
— IC1IP2 IC1IP1 IC1IPO — INTOIP2 INTOIP1 INTOIPO
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 T11P<2:0>: Timer1 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 OC11P<2:0>: Output Compare Channel 1 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 IC1IP<2:0>: Input Capture Channel 1 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 INTOIP<2:0>: External Interrupt O Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)

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

© 2010 Microchip Technology Inc.
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REGISTER 10-39: RPOR10: PERIPHERAL PIN SELECT OUTPUT REGISTER 10

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP21R5 RP21R4 RP21R3 RP21R2 RP21R1 RP21R0O
bit 15 bit 8

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP20R5 RP20R4 RP20R3 RP20R2 RP20R1 RP20R0O
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 15-14
bit 13-8

bit 7-6
bit 5-0

Unimplemented: Read as ‘0’
RP21R<5:0>: RP21 Output Pin Mapping bits

Peripheral output number n is assigned to pin,

Unimplemented: Read as ‘0’
RP20R<5:0>: RP20 Output Pin Mapping bits

Peripheral output number n is assigned to pin,

RP21 (see Table 10-4 for peripheral function numbers).

RP20 (see Table 10-4 for peripheral function numbers).

REGISTER 10-40: RPOR11: PERIPHERAL PIN SELECT OUTPUT REGISTER 11

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP23R5 RP23R4 RP23R3 RP23R2 RP23R1 RP23R0
bit 15 bit 8

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — RP22R5 RP22R4 RP22R3 RP22R2 RP22R1 RP22R0
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 15-14
bit 13-8

bit 7-6
bit 5-0

Unimplemented: Read as ‘0’
RP23R<5:0>: RP23 Output Pin Mapping bits

Peripheral output number n is assigned to pin,

Unimplemented: Read as ‘0’
RP22R<5:0>: RP22 Output Pin Mapping bits

Peripheral output number n is assigned to pin,

RP23 (see Table 10-4 for peripheral function numbers).

RP22 (see Table 10-4 for peripheral function numbers).

© 2010 Microchip Technology Inc.
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FIGURE 15-3: SPI MASTER/SLAVE CONNECTION (STANDARD MODE)
! Processor 1 (SPI Master) ' ! Processor 2 (SPI Slave) '
I I I |
I I I |
I I I [
| SDOx | o SDIx |
I i T |
I I I [
| Serial Receive Buffer I | Serial Receive Buffer I
I (SPIXRXB) | I (SPIXRXB)®@ [
I I I |
I I I [
I I I |
I I I |
| Shift Register SDIx, 1 SDOx Shift Register I
| (SPIXSR) e i (SPIXSR)(@ |
| MSb LSb : | MSb LSb :
I I I [
' Serial T it Buff ' ' '
I erial Transmit Buiter I I Serial Transmit Buffer I
\ (SPIXTXB) | I (SPIxTXB)@ '
I yy I I [
I I I T |
I } I ' I v [
Serial Clock
' SPIx Buffer SCKx I——————3+ SCKx SPIx Buffer !
: (SPIXBUF)@ : : (SPIXBUF)@ :
| L »IT5M !
| | | |
MSTEN (SPIXCON1<5>) = 1) SSEN (SPIXCON1<7>) = 1 and MSTEN (SPIXCON1<5>) =0

Note 1: Using the SSx pin in Slave mode of operation is optional.
2: User must write transmit data to read received data from SPIXBUF. The SPIXTXB and SPIXRXB registers are

memory mapped to SPIXBUF.

Note 1:
2:

FIGURE 15-4: SPI MASTER/SLAVE CONNECTION (ENHANCED BUFFER MODES)
: Processor 1 (SPI Enhanced Buffer Master) | : Processor 2 (SPI Enhanced Buffer Slave) :
| | | |
| SDOX 1 SDIx |
| | el |
| | | |
' Shift Register SDIx | | SDOx Shift Register !
: (SPIxSR) : : (SPIXSR) :
[ MSb LSb | I MSb LSb [
| | | |
| ’ ‘ | | |
| | | |
| | | |
| 8-Level FIFO Buffer | | 8-Level FIFO Buffer |
| | | |
| | | |
| | | |
| | | |
| | | |
| | . | |
SPIx Buffer Serial Clock SPIx Buffer
| (SPIXBUF)2 SCKx ———» SCKx (SPIXBUF)@ |
| | | |
| SSx :4>: ssx( |
| | | |
© " MSTEN (SPIXCON1<5>) = 1and SSEN (SPIXCON1<7>)=1,
SPIBEN (SPIXCON2<0>) = 1 MSTEN (SPIXCON1<5>) = 0 and

SPIBEN (SPIXCON2<0>) =1
Using the SSx pin in Slave mode of operation is optional.

User must write transmit data to read received data from SPIXBUF. The SPIXTXB and SPIXRXB registers are
memory mapped to SPIXBUF.

© 2010 Microchip
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NOTES:
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16.0 INTER-INTEGRATED
CIRCUIT™ (12C™)

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual’,
Section 24. “Inter-Integrated Circuit™
(IZCT"")” (DS39702). The information in
this data sheet supersedes the information

in the FRM.

The Inter-Integrated Circuit™ (12C™) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be serial EEPROMS, display drivers, A/D
Converters, etc.

The 12C module supports these features:

* Independent master and slave logic
» 7-bit and 10-bit device addresses
* General call address, as defined in the 12C protocol

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

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

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

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

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

16.1 Communicating as a Master in a
Single Master Environment

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

1. Assert a Start condition on SDAx and SCLx.

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

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

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

5. Wait for and verify an Acknowledge from the

slave.

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

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

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

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

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

11. Enable master reception to receive serial
memory data.

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

13. Generate a Stop condition on SDAx and SCLx.

© 2010 Microchip Technology Inc.
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REGISTER 18-4: U10TGCON: USB ON-THE-GO CONTROL REGISTER

u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
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

DPPULUP | DMPULUP | DPPULDWN( | pDMPULDWN(™ | vBUSON™ | OTGEN( | vBUSCHG" | vBUSDIS™
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 15-8 Unimplemented: Read as ‘0’
bit 7 DPPULUP: D+ Pull-up Enable bit
1 = D+ data line pull-up resistor is enabled
0 = D+ data line pull-up resistor is disabled
bit 6 DMPULUP: D- Pull-up Enable bit

1 = D- data line pull-up resistor is enabled
0 = D- data line pull-up resistor is disabled

bit 5 DPPULDWN: D+ Pull-Down Enable bit(")
1 = D+ data line pull-down resistor is enabled
0 = D+ data line pull-down resistor is disabled
bit 4 DMPULDWN: D- Pull-Down Enable bit("
1 = D- data line pull-down resistor is enabled
0 = D- data line pull-down resistor is disabled
bit 3 VBUSON: VBus Power-on bit(")

1 = VBUS line is powered
0 = VBuS line is not powered

bit 2 OTGEN: OTG Features Enable bit("
1 = USB OTG is enabled; all D+/D- pull-up and pull-down bits are enabled
0 = USB OTG is disabled; D+/D- pull-up and pull-down bits are controlled in hardware by the settings
of the HOSTEN and USBEN (U1CON<3,0>) bits
bit 1 VBUSCHG: VBUs Charge Select bit(!)
1 = VBus line is set to charge to 3.3V
0 = VBUS line is set to charge to 5V
bit O VBUSDIS: VBUS Discharge Enable bit("

1 = VBuUS line is discharged through a resistor
0 = VBuS line is not discharged

Note 1: These bits are only used in Host mode; do not use in Device mode.

© 2010 Microchip Technology Inc. DS39975A-page 251
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REGISTER 18-13: U1CNFG2: USB CONFIGURATION REGISTER 2

uU-0 uU-0 uU-0 u-0 uU-0 uU-0 u-0 uU-0
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— | — JuveweseL| puvBus | ExTi2ceN |uvBuspis™ |uvemppis™| uTRDIS™
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 UVCMPSEL.: VBUS Comparator External Interface Selection bit

1 = Use VBUSVLD, SESSVLD and SESSEND as comparator interface pins
0 = Use VcMPST1 and VCMPST2 as comparator interface pins
bit 4 PUVBUS: VBus Pull-Up Enable bit
1 = Pull-up on VBUS pin is enabled
0 = Pull-up on VBUS pin is disabled
bit 3 EXTI2CEN: 12C™ Interface For External Module Control Enable bit
1 = External module(s) is controlled via the I°C™ interface
0 = External module(s) controlled via the dedicated pins
bit 2 UVBUSDIS: On-Chip 5V Boost Regulator Builder Disable bit(!)
1 = On-chip boost regulator builder is disabled; digital output control interface is enabled
0 = On-chip boost regulator builder is active
bit 1 UVCMPDIS: On-Chip VBUS Comparator Disable bit(")
1 = On-chip charge VBUS comparator is disabled; digital input status interface is enabled
0 = On-chip charge VBUS comparator is active
bit 0 UTRDIS: On-Chip Transceiver Disable bit(1)

1 = On-chip transceiver is disabled; digital transceiver interface is enabled
0 = On-chip transceiver is active

Note 1: Never change these bits while the USBPWR bit is set (UTPWRC<0> = 1).

DS39975A-page 258 © 2010 Microchip Technology Inc.



PIC24FJ256GB210 FAMILY

REGISTER 18-16: U1IR: USB INTERRUPT STATUS REGISTER (DEVICE MODE ONLY)

U-0 uU-0 uU-0 uU-0 uU-0 u-0 uU-0 uU-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-0 R/K-0, HS
STALLIF — RESUMEIF IDLEIF TRNIF SOFIF UERRIF URSTIF
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 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 (read-only)
1 = Anunmasked 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.

© 2010 Microchip Technology Inc. DS39975A-page 261
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REGISTER 19-6: PMCSxBS: CHIP SELECT x BASE ADDRESS REGISTER

Rw™ Rw™ Rw™ Rw™® Rw™ R/w Rw™ Rw™
BASE23 BASE22 BASE21 BASE20 BASE19 BASE18 BASE17 BASE16
bit 15 bit 8

Rw™® u-0 u-0 u-0 R/w(1) u-0 u-0 u-0
BASE15 — — — BASE11 — — —
bit 7 bit O
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 BASE<23:15>: Chip Select x Base Address bits(?)
bit 6-4 Unimplemented: Read as ‘0’
bit 3 BASE<11>: Chip Select x Base Address bits(?
bit 2-0 Unimplemented: Read as ‘0’

Note 1: Value at POR is 0x0200 for PMCS1BS and 0x0600 for PMCS2BS.

2: If the whole PMCS2BS register is written together as 0x0000, then the last EDS address for the Chip

Select 1 will be OXFFFFFF. In this case, the Chip Select 2 should not be used. PMCS1BS has no such
feature.
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REGISTER 20-9: ALWDHR: ALARM WEEKDAY AND HOURS VALUE REGISTER(")

u-0 U-0 uU-0 U-0 U-0 R/W-x R/W-x R/W-x
— — — — — WDAY2 WDAY1 WDAYO0
bit 15 bit 8
U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — HRTEN1 HRTENO HRONE3 HRONE2 HRONE1 HRONEOQO
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 WDAY<2:0>: Binary Coded Decimal Value of Weekday Digit bits
Contains a value from 0 to 6.
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 HRTEN<1:0>: Binary Coded Decimal Value of Hour’s Tens Digit bits
Contains a value from 0 to 2.
bit 3-0 HRONE<3:0>: Binary Coded Decimal Value of Hour’s Ones Digit bits

Contains a value from 0 to 9.

Note 1: A write to this register is only allowed when RTCWREN = 1.

REGISTER 20-10: ALMINSEC: ALARM MINUTES AND SECONDS VALUE REGISTER

U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— MINTEN2 MINTEN1 MINTENO MINONE3 MINONE2 MINONE1 MINONEO
bit 15 bit 8
U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— SECTEN2 SECTEN1 SECTENO SECONE3 SECONE2 SECONE1 SECONEO
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 MINTEN<2:0>: Binary Coded Decimal Value of Minute’s Tens Digit bits
Contains a value from 0 to 5.

bit 11-8 MINONE<3:0>: Binary Coded Decimal Value of Minute’s Ones Digit bits
Contains a value from 0 to 9.

bit 7 Unimplemented: Read as ‘0’

bit 6-4 SECTEN<2:0>: Binary Coded Decimal Value of Second’s Tens Digit bits
Contains a value from 0 to 5.

bit 3-0 SECONE<3:0>: Binary Coded Decimal Value of Second’s Ones Digit bits

Contains a value from 0 to 9.
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20.2 Calibration

The real-time crystal input can be calibrated using the
periodic auto-adjust feature. When properly calibrated,
the RTCC can provide an error of less than 3 seconds
per month. This is accomplished by finding the number
of error clock pulses for one minute and storing the
value into the lower half of the RCFGCAL register. The
8-bit signed value loaded into the lower half of

RCFGCAL is multiplied by four and will either be added

or subtracted from the RTCC timer, once every minute.

Refer to the following steps for RTCC calibration:

1. Using another timer resource on the device, the
user must find the error of the 32.768 kHz
crystal.

2. Once the error is known, it must be converted to

the number of error clock pulses per minute and
loaded into the RCFGCAL register.

EQUATION 20-1: RTCC CALIBRATION

Error (clocks per minute) = (Ideal Frequencyt —
Measured Frequency) x 60

t1deal Frequency = 32,768H

3. a) If the oscillator is faster then ideal (negative
result form Step 2), the RCFGCAL register value
needs to be negative. This causes the specified
number of clock pulses to be subtracted from
the timer counter, once every minute.

b) If the oscillator is slower then ideal (positive
result from Step 2), the RCFGCAL register value
needs to be positive. This causes the specified
number of clock pulses to be added to the timer
counter, once every minute.

4. Divide the number of error clocks per minute by
4 to get the correct CAL value and load the
RCFGCAL register with the correct value.

(Each 1-bit increment in CAL adds or subtracts
4 pulses).

Writes to the lower half of the RCFGCAL register
should only occur when the timer is turned off or
immediately after the rising edge of the seconds pulse.

Note: It is up to the user to include in the error
value the initial error of the crystal, drift
due to temperature and drift due to crystal

aging.

20.3 Alarm

» Configurable from half second to one year

* Enabled using the ALRMEN bit
(ALCFGRPT<15>, Register 20-3)

* One-time alarm and repeat alarm options
available

20.3.1 CONFIGURING THE ALARM

The alarm feature is enabled using the ALRMEN bit.
This bit is cleared when an alarm is issued. Writes to
ALRMVAL should only take place when ALRMEN = 0.

As shown in Figure 20-2, the interval selection of the
alarm is configured through the AMASK bits
(ALCFGRPT<13:10>). These bits determine which and
how many digits of the alarm must match the clock
value for the alarm to occur.

The alarm can also be configured to repeat based on a
preconfigured interval. The amount of times this
occurs, once the alarm is enabled, is stored in the
ARPT bits, ARPT<7:0> (ALCFGRPT<7:0>). When the
value of the ARPT bits equals 00h and the CHIME bit
(ALCFGRPT<14>) is cleared, the repeat function is
disabled and only a single alarm will occur. The alarm
can be repeated up to 255 times by loading
ARPT<7:0> with FFh.

After each alarm is issued, the value of the ARPT bits
is decremented by one. Once the value has reached
00h, the alarm will be issued one last time, after which
the ALRMEN bit will be cleared automatically and the
alarm will turn off.

Indefinite repetition of the alarm can occur if the CHIME
bit = 1. Instead of the alarm being disabled when the
value of the ARPT bits reaches 00h, it rolls over to FFh
and continues counting indefinitely while CHIME is set.

20.3.2 ALARM INTERRUPT

At every alarm event, an interrupt is generated. In addi-
tion, an alarm pulse output is provided that operates at
half the frequency of the alarm. This output is
completely synchronous to the RTCC clock and can be
used as a trigger clock to other peripherals.

Note: Changing any of the registers, other then
the RCFGCAL and ALCFGRPT registers
and the CHIME bit while the alarm is
enabled (ALRMEN = 1), can result in a
false alarm event leading to a false alarm
interrupt. To avoid a false alarm event, the
timer and alarm values should only be
changed while the alarm is disabled
(ALRMEN = 0). It is recommended that the
ALCFGRPT register and CHIME bit be

changed when RTCSYNC = 0.
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25.0 CHARGE TIME source polarity selection, and edge sequencing. The
MEASUREMENT UNIT (CTMU) CTMUICON register controls the selection and trim of

the current source.

Note: This data sheet summarizes the features
of this group of PIC24F devices. It is not 251 Measuring Capacitance
intended to be a comprehensive reference
source. For more information, refer to the
associated “PIC24F Family Reference
Manual’, Section 11. “Charge Time
Measurement Unit (CTMU)” (DS39724).
The information in this data sheet
supersedes the information in the FRM.

The CTMU module measures capacitance by generat-
ing an output pulse with a width equal to the time
between edge events on two separate input channels.
The pulse edge events to both input channels can be
selected from four sources: two internal peripheral
modules (OC1 and Timer1) and two external pins
(CTEDG1 and CTEDG2). This pulse is used with the

The Charge Time Measurement Unit (CTMU) is a flexible module’s precision current source to calculate
analog module that provides accurate differential time capacitance according to the relationship:
measurement between pulse sources, as well as v

asynchronous pulse generation. lts key features include: c=1 a7

* Four edge input trigger sources

. For capacitance measurements, the A/D Converter
« Polarity control for each edge source

samples an external capacitor (CAPP) on one of its

+ Control of edge sequence input channels after the CTMU output’'s pulse. A preci-
» Control of response to edges sion resistor (RPR) provides current source calibration
« Time measurement resolution of 1 nanosecond on a second A/D channel. After the pulse ends, the
« Accurate current source suitable for capacitive converter determines the voltage on the capacitor. The

measurement actual calculation of capacitance is performed in

) ) software by the application.
Together with other on-chip analog modules, the CTMU

can be used to precisely measure time, measure Figure 25-1 shows the external connections used for
capacitance, measure relative changes in capacitance capacitance measurements, and how the CTMU and
or generate output pulses that are independent of the A/D modules are related in this application. This
system clock. The CTMU module is ideal for interfacing example also shows the edge events coming from
with capacitive-based sensors. Timer1, but other configurations using external edge

sources are possible. A detailed discussion on measur-
ing capacitance and time with the CTMU module is
provided in the “PIC24F Family Reference Manual’.

The CTMU is controlled through two registers:
CTMUCON and CTMUICON. CTMUCON enables the
module, and controls edge source selection, edge

FIGURE 25-1: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR
CAPACITANCE MEASUREMENT

__PIC24F Device
Timer1 |
[ cMu
: EDG1 Current Source:
| EDG2 |
Output Pulse
_ 1
I A/D Converter |
— 0t .
ANXx | |
| |
ANY | |
| |
1 I |
T L e e e a
CapPP RPR
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REGISTER 26-5: DEVID: DEVICE ID REGISTER

uU-0 U-0 U-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 23 bit 16
R R R R R R R R
FAMID7 FAMID6 FAMID5 FAMID4 FAMID3 FAMID2 FAMID1 FAMIDO
bit 15 bit 8
R R R R R R R R
DEV7 DEV6 DEV5 DEV4 DEV3 DEV2 DEV1 DEVO
bit 7 bit 0
Legend: R = Readable bit U = Unimplemented bit
bit 23-16 Unimplemented: Read as ‘1’
bit 15-8 FAMID<7:0>: Device Family Identifier bits
01000001 = PIC24FJ256GB210 family
bit 7-0 DEV<7:0>: Individual Device Identifier bits
00000000 = PIC24FJ128GB206
00000010 = PIC24FJ128GB210
00000100 = PIC24FJ256GB206
00000110 = PIC24FJ256GB210
REGISTER 26-6: DEVREV: DEVICE REVISION REGISTER
uU-0 u-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 23 bit 16
uU-0 uU-0 U-0 uU-0 U-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 U-0 uU-0 R R R R
— — — — REV3 REV2 REV1 REVO
bit 7 bit 0

Legend: R = Readable bit

U = Unimplemented bit

bit 23-4
bit 3-0

Unimplemented: Read as ‘0’
REV<3:0>: Device Revision Identifier bits
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29.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of the PIC24FJ256GB210 family electrical characteristics. Additional information will
be provided in future revisions of this document as it becomes available.

Absolute maximum ratings for the PIC24FJ256GB210 family are listed below. Exposure to these maximum rating
conditions for extended periods may affect device reliability. Functional operation of the device at these, or any other
conditions above the parameters indicated in the operation listings of this specification, is not implied.

Absolute Maximum Ratings(?)

Ambient temperature UNAer DI@s..........coouiiiiiiii e -40°C to +100°C
SEOrage tEMPEIATUIE ... ..oeiiii ettt e et e e st s e e e -65°C to +150°C
Voltage on VDD With reSPECE t0 VSS ..ottt -0.3V to +4.0V
Voltage on any combined analog and digital pin and MCLR, with respect to VSS ..........ccccoeeu...... -0.3V to (VDD + 0.3V)
Voltage on any digital only pin with respect to VSS when VDD < 3.0V.......cccoooiiiiiiiiiiiiiie e -0.3V to (VDD + 0.3V)
Voltage on any digital only pin with respect to VSS when VDD > 3.0V........cccoiiiiiiiiiiii e -0.3Vto (+5.5V)
Voltage on VBUS pin with respect to Vss, independent of VDD OF VUSB........cccceiiiiiiiniiiiniiee e -0.3V to (+5.5V)
Maximum CUITENt OUL OF VSS PN ...ttt e e s e e e bb e et ee e snee s 300 mA
Maximum current into VDD Pin (NOLE 1) .......ooiiiiieii et 250 mA
Maximum output current SUNK by @ny 1/O PiN.....coooiiieiee e 25 mA
Maximum output current sourced by @any 1/0 Pin .....oooiiiiiiiie e 25 mA
Maximum current SUNK DY @l POITS ...ttt s et e e e sa et e e e e e stbeeee e e e anees 200 mA
Maximum current sourced by all POrts (NOtE 1) ........oooiiiiiii e s 200 mA

Note 1: Maximum allowable current is a function of device maximum power dissipation (see Table 29-1).

TNOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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TABLE

29-8:

DC CHARACTERISTICS: I/0 PIN OUTPUT SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions: 2.2V to 3.6V (unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for Industrial

Parjzm Symbol Characteristic Min Typ“’ Max | Units Conditions
VoL Output Low Voltage
DO10 I/O Ports — — 0.4 \Y oL =6.6mA, VDD = 3.6V
— — 0.4 \Y loL =5.0 mA, VDD = 2.2V
DO16 OSCO/CLKO — — 04 Y, loL =6.6 mA, VDD = 3.6V
— — 0.4 \Y loL =5.0 mA, VDD = 2.2V
VOH Output High Voltage
D020 1/0O Ports 3.0 — — \Y IoH = -3.0 mA, VDD = 3.6V
24 — — \Y IoH = -6.0 mA, VDD = 3.6V
1.65 — — \Y IoH =-1.0 mA, VDD = 2.2V
1.4 — — Y IoH = -3.0 mA, VDD = 2.2V
D026 OSCO/CLKO 24 — — \Y, IoH = -6.0 mA, VDD = 3.6V
1.4 — — \Y IoH =-1.0 mA, VDD = 2.2V
Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
TABLE 29-9: DC CHARACTERISTICS: PROGRAM MEMORY
Standard Operating Conditions: 2.2V to 3.6V (unless otherwise stated
DC CHARACTERISTICS Operating tepmpera?ure -40°C <TA<+85°C fc('>r Industrial )
P.:lr:m Symbol Characteristic Min | Typ!" | Max | Units Conditions
Program Flash Memory
D130 |EP Cell Endurance 10000 — — E/W |-40°C to +85°C
D131 |VPR VDD for Read VMIN — 3.6 V  |VMIN = Minimum operating voltage
D132B VDD for Self-Timed Write | VMIN — 3.6 V  |VMIN = Minimum operating voltage
D133A |Tiw Self-Timed Word Write — 20 — us
Cycle Time
Self-Timed Row Write — 15 — ms
Cycle Time
D133B |TIE Self-Timed Page Erase 20 — 40 ms
Time
D134 |TReTD |Characteristic Retention 20 — — Year |If no other specifications are violated
D135 |Ippp Supply Current during — 16 — mA
Programming
Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated.
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TABLE 29-10: INTERNAL VOLTAGE REGULATOR SPECIFICATIONS

Operating Conditions: -40°C < TAa < +85°C (unless otherwise stated)

P:{:m Symbol Characteristics Min | Typ |Max| Units Comments

VRGOUT | Regulator Output Voltage — 1.8 — \%

VBG Internal Band Gap Reference — 1.2 — \Y,

CEFC External Filter Capacitor Value 4.7 10 — uF | Series resistance <3 Ohm
recommended; <5 Ohm
required.

TVREG — 10 — ps | VREGS =1, VREGS = 0 with
WUTSEL<1:0> =01 or any POR
or BOR

— 190 | — pus | Sleep wake-up with VREGS =0
and WUTSEL<1:0> =11

TBG Band Gap Reference Start-up — 1 — ms

Time

29.2 AC Characteristics and Timing Parameters

The information contained in this section defines the PIC24FJ256GB210 family AC characteristics and timing parameters.

TABLE 29-11: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC

AC CHARACTERISTICS

Standard Operating Conditions: 2.2V to 3.6V (unless otherwise stated)
-40°C < TA < +85°C for Industrial
Operating voltage VDD range as described in Section 29.1 “DC Characteristics”.

Operating temperature

FIGURE 29-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load Condition 1 — for all pins except OSCO

VDD/2

RL

Pin

_T_CL

Vss

Load Condition 2 — for OSCO

Pin T CL
Vss
RL = 464Q
CL = 50 pF for all pins except OSCO

15 pF for OSCO output
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

+ Technical Support

» Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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