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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

16-Bit

32MHz

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

128KB (43K x 24)

FLASH

24K 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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TABLE 4-21: ADC REGISTER MAP
N Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bito Bit 8 Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bito | oAl

ADC1BUFO 0300 ADC Data Buffer 0 XXXX
ADC1BUF1 0302 ADC Data Buffer 1 XXXX
ADC1BUF2 0304 ADC Data Buffer 2 XXXX
ADC1BUF3 0306 ADC Data Buffer 3 XXXX
ADC1BUF4 0308 ADC Data Buffer 4 XXXX
ADC1BUF5 030A ADC Data Buffer 5 XXXX
ADC1BUF6 030C ADC Data Buffer 6 XXXX
ADC1BUF7 030E ADC Data Buffer 7 XXXX
ADC1BUF8 0310 ADC Data Buffer 8 XXXX
ADC1BUF9 0312 ADC Data Buffer 9 XXXX
ADC1BUFA 0314 ADC Data Buffer 10 XXXX
ADC1BUFB 0316 ADC Data Buffer 11 XXXX
ADC1BUFC 0318 ADC Data Buffer 12 XXXX
ADC1BUFD 031A ADC Data Buffer 13 XXXX
ADC1BUFE 031C ADC Data Buffer 14 XXXX
ADC1BUFF 031E ADC Data Buffer 15 XXXX
ADC1BUF10 0340 ADC Data Buffer 16 XXXX
ADC1BUF11 0342 ADC Data Buffer 17 XXXX
ADC1BUF12 0344 ADC Data Buffer 18 XXXX
ADC1BUF13 0346 ADC Data Buffer 19 XXXX
ADC1BUF14 0348 ADC Data Buffer 20 XXXX
ADC1BUF15 034A ADC Data Buffer21 XXXX
ADC1BUF16 034C ADC Data Buffer 22 XXXX
ADC1BUF17 034E ADC Data Buffer 23 XXXX
ADC1BUF18 0350 ADC Data Buffer 24 XXXX
ADC1BUF19 0352 ADC Data Buffer 25 XXXX
ADC1BUF1A 0354 ADC Data Buffer 26 XXXX
ADC1BUF1B 0356 ADC Data Buffer 27 XXXX
ADC1BUF1C 0358 ADC Data Buffer 28 XXXX
ADC1BUF1D 035A ADC Data Buffer 29 XXXX
ADC1BUF1E 035C ADC Data Buffer 30 XXXX
ADC1BUF1F 035E ADC Data Buffer 31 XXXX
Legend: — = unimplemented, read as ‘0’, r = reserved, maintain as ‘0’. Reset values are shown in hexadecimal.

Note 1:

Unimplemented in 64-pin devices, read as ‘0’
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PIC24FJ256DA210 FAMILY

4251 Data Read from EDS Space

In order to read the data from the EDS space, first, an
Address Pointer is set up by loading the required EDS
page number into the DSRPAG register and assigning
the offset address to one of the W registers. Once the
above assignment is done, the EDS window is enabled

FIGURE 4-5:

by setting bit 15 of the working register, assigned with
the offset address; then, the contents of the pointed
EDS location can be read.

Figure 4-5 illustrates how the EDS space address is
generated for read operations.

EDS ADDRESS GENERATION FOR READ OPERATIONS

|
|
|
| S (@)
|
i
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Wn
9.8 4 0 |
| ' DSRPAG Reg |
|
| 9 Bits > 15 Bits H
[
- 24-Bit EA >
0 = Extended SRAM and EPMP ?
Wn<0> is Byte Select
When the Most Significant bit (MSBs) of EA is ‘1’ and Note:  All read operations from EDS space have

DSRPAG<9> = 0, the lower 9 bits of DSRPAG are con-
catenated to the lower 15 bits of EA to form a 24-bit
EDS space address for read operations.

Example 4-1 shows how to read a byte, word and
double-word from EDS.

an overhead of one instruction cycle.
Therefore, a minimum of two instruction
cycles is required to complete an EDS
read. EDS reads under the REPEAT
instruction; the first two accesses take
three cycles and the subsequent
accesses take one cycle.

EXAMPLE 4-1: EDS READ CODE IN ASSEMBLY
; Set the EDS page fromwhere the data to be read
nov #0x0002 , w0
nov w0 , DSRPAG ;page 2 is selected for read
nov #0x0800 , w1l ;select the location (0x800) to be read
bset wl , #15 ;set the MSB of the base address, enable EDS node

; Read a byte fromthe selected | ocation
nov. b [wi++] w2 ;read Low byte
nov. b [wi++] w3 ;read High byte

;Read a word fromthe selected | ocation
nov [wi] w2

; Read Double - word fromthe selected |ocation
nov. d [ wa] w2 ;two word read,

stored in w2 and w3

DS39969B-page 72
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TABLE 4-36: PROGRAM SPACE ADDRESS CONSTRUCTION
Access Program Space Address
Access Type
Space <23> <22:16> | <15> <14:1> <0>
Instruction Access User 0 PC<22:1> 0
(Code Execution) OXX XXXX XXXX XXXX XXXX XXXO
TBLRD TBLWI User TBLPAG<7:0> Data EA<15:0>
(Byte/Word Read/Write) OXXX XXXX XXXX XXXX XXXX XXXX
Configuration TBLPAG<7:0> Data EA<15:0>
IXXX XXXX XXXX XXXX XXXX XXXX
Program Space Visibility | User 0 DSRPAG<7:0>(?) Data EA<14:0>(1)
(Block Remap/Read) 0 XXXX XXXX XXX XXXX XXXX XXXX

Note 1:

the address is DSRPAG<0>.

2: DSRPAG<9> is always ‘1’ in this case. DSRPAG<8> decides whether the lower word or higher word of
program memory is read. When DSRPAG<8> is ‘0’, the lower word is read and when it is ‘1’, the higher

Data EA<15> is always ‘1’ in this case, but is not used in calculating the program space address. Bit 15 of

word is read.

FIGURE 4-8: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
Program Counter 0 Program Counter | 0 |
. 23 Bits

.

| |

| | EA 1/0
Table Operations@ 1o TBLPAG I

< > | gl

L 8 Bits 16 Bits |JI

| T |

| | 24 Bits | :

| | [

[ |

Select

| 1]) EA [1/0
Program Space Visibility(") | 0 DSR‘I':’AG<7'0> .
(Remapping) 1-Bit| — : Tl | |

[ 8 Bits | 15 Bits o

NG L4

b 23 Bits T

Space Select

Note 1:

User/Configuration

Byte Select

DSRPAG<8> acts as word select. DSRPAG<9> should always be ‘1’ to map program memory to data memory.

2: The instructions, TBLRDH TBLWI'H TBLRDL/ TBLWI'L, decide if the higher or lower word of program memory is
accessed. TBLRDH TBLWI'H instructions access the higher word and TBLRDL/ TBLWIL instructions access the
lower word. Table read operations are permitted in the configuration memory space.

DS39969B-page 76
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REGISTER 7-4: INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-0 R-0, HSC u-0 u-0 u-0 U-0 uU-0
ALTIVT DISI — — — — —
bit 15 bit 8
U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT4EP INT3EP INT1EP INTOEP
bit 7 bit 0
Legend: HSC = Hardware Settable/Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 ALTIVT: Enable Alternate Interrupt Vector Table bit

1 = Use Alternate Interrupt Vector Table
0 = Use standard (default) vector table

bit 14 DISI: DI Sl Instruction Status bit
1= DI Sl instruction is active
0 = DI Sl instruction is not active
bit 13-5 Unimplemented: Read as ‘0’
bit 4 INT4EP: External Interrupt 4 Edge Detect Polarity Select bit

1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 3 INT3EP: External Interrupt 3 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 2 INT2EP: External Interrupt 2 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 1 INT1EP: External Interrupt 1 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 0 INTOEP: External Interrupt 0 Edge Detect Polarity Select bit

1 = Interrupt on negative edge
0 = Interrupt on positive edge

DS39969B-page 100
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REGISTER 7-27: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8

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
— SPI2IP2 SPI2IP1 SPI2IPO — SPF2IP2 SPF2IP1 SPF2IP0
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 SPI2IP<2:0>: SPI2 Event 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 SPF2IP<2:0>: SPI2 Fault Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

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

© 2010 Microchip Technology Inc. DS39969B-page 125
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REGISTER 7-28:

IPC9: INTERRUPT PRIORITY CONTROL REGISTER 9

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— IC5IP2 IC5IP1 IC5IP0O — IC41P2 IC41P1 IC41P0
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 u-0
— IC3IP2 IC3IP1 IC3IPO — — — —
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 IC5IP<2:0>: Input Capture Channel 5 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 IC4IP<2:0>: Input Capture Channel 4 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 IC3IP<2:0>: Input Capture Channel 3 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’

DS39969B-page 126
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REGISTER 7-42: INTTREG: INTERRUPT CONTROLLER TEST REGISTER

R-0, HSC uU-0 R/W-0 uU-0 R-0, HSC R-0, HSC R-0, HSC R-0, HSC
CPUIRQ — VHOLD — ILR3 ILR2 ILR1 ILRO
bit 15 bit 8
U-0 R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC
— VECNUM6 | VECNUM5 | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO
bit 7 bit 0
Legend: HSC = Hardware Settable/Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 CPUIRQ: Interrupt Request from Interrupt Controller CPU bit

1 = An interrupt request has occurred but has not yet been Acknowledged by the CPU; this happens
when the CPU priority is higher than the interrupt priority
0 = No interrupt request is unacknowledged
bit 14 Unimplemented: Read as ‘0’
bit 13 VHOLD: Vector Number Capture Configuration bit
1 = The VECNUM bits contain the value of the highest priority pending interrupt
0 = The VECNUM bits contain the value of the last Acknowledged interrupt (i.e., the last interrupt that
has occurred with higher priority than the CPU, even if other interrupts are pending)
bit 12 Unimplemented: Read as ‘0’
bit 11-8 ILR<3:0>: New CPU Interrupt Priority Level bits
1111 = CPU Interrupt Priority Level is 15

0001 = CPU Interrupt Priority Level is 1
0000 = CPU Interrupt Priority Level is 0
bit 7 Unimplemented: Read as ‘0’
bit 6-0 VECNUM<5:0>: Vector Number of Pending Interrupt or Last Acknowledged Interrupt bits

VHOLD = 1: The VECNUM bits indicate the vector number (from 0 to 118) of the last interrupt to occur
VHOLD = 0: The VECNUM bits indicate the vector number (from 0 to 118) of the interrupt request
currently being handled

© 2010 Microchip Technology Inc. DS39969B-page 139
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REGISTER 10-6: ANSF: PORTF ANALOG FUNCTION SELECTION REGISTER

u-0 U-0 U-0 u-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 u-0 u-0 R/W-1
— — — — — — — ANSFO
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 15-1 Unimplemented: Read as ‘0’
bit 0 ANSFO0: Analog Function Selection bits

1 = Pin is configured in Analog mode; I/O port read is disabled
0 = Pin is configured in Digital mode; 1/O port read is enabled

REGISTER 10-7: ANSG: PORTG ANALOG FUNCTION SELECTION REGISTER

U-0 U-0 U-0 U-0 U-0 u-0 R/W-1 R/W-1
— — — — — — ANSG9 ANSG8
bit 15 bit 8
R/W-1 R/W-1 u-0 u-0 U-0 U-0 U-0 U-0
ANSG7 ANSG6 — — — — — —
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 15-10 Unimplemented: Read as ‘0’
bit 9-6 ANSG<9:6>: Analog Function Selection bits

1 = Pin is configured in Analog mode; I/O port read is disabled
0 = Pin is configured in Digital mode; 1/O port read is enabled

bit 5-0 Unimplemented: Read as ‘0’

DS39969B-page 162 © 2010 Microchip Technology Inc.
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REGISTER 10-29: RPORO0: PERIPHERAL PIN SELECT OUTPUT REGISTER 0

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

— — RP1R5 RP1R4 RP1R3 RP1R2 RP1R1 RP1RO
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

— — RPOR5 RPOR4 RPOR3 RPOR2 RPOR1 RPORO
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 Unimplemented: Read as ‘0’
bit 13-8 RP1R<5:0>: RP1 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP1 (see Table 10-4 for peripheral function numbers).

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RPOR<5:0>: RP0O Output Pin Mapping bits

Peripheral output number n is assigned to pin, RPO (see Table 10-4 for peripheral function numbers).

REGISTER 10-30: RPOR1: PERIPHERAL PIN SELECT OUTPUT REGISTER 1

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

— — RP3R5 RP3R4 RP3R3 RP3R2 RP3R1 RP3R0
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

— — RP2R5 RP2R4 RP2R3 RP2R2 RP2R1 RP2R0
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 Unimplemented: Read as ‘0’
bit 13-8 RP3R<5:0>: RP3 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP3 (see Table 10-4 for peripheral function numbers).

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RP2R<5:0>: RP2 Output Pin Mapping bits

Peripheral output number n is assigned to pin, RP2 (see Table 10-4 for peripheral function numbers).

DS39969B-page 180 © 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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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 16-2: 12CxSTAT: 12Cx STATUS REGISTER (CONTINUED)

bit 4

bit 3

bit 2

bit 1

bit 0

P: Stop bit

1 = Indicates that a Stop bit has been detected last

0 = Stop bit was not detected last

Hardware is set or clear when Start, Repeated Start or Stop is detected.

S: Start bit

1 = Indicates that a Start (or Repeated Start) bit has been detected last
0 = Start bit was not detected last
Hardware is set or clear when Start, Repeated Start or Stop is detected.

R/W: Read/Write Information bit (when operating as 12C slave)

1 = Read - indicates data transfer is output from slave

0 = Write — indicates data transfer is input to slave

Hardware is set or clear after the reception of an I2C device address byte.

RBF: Receive Buffer Full Status bit

1 = Receive is complete, I2CxRCV is full

0 = Receive not complete, I2CxRCV is empty

Hardware is set when 12CxRCV is written with the received byte; hardware is clear when the software
reads I2CxRCV.

TBF: Transmit Buffer Full Status bit

1 = Transmitis in progress, I2CxTRN is full

0 = Transmit is complete, I2CxTRN is empty

Hardware is set when software writes to I2CxTRN; hardware is clear at the completion of data transmission.

© 2010 Microchip Technology Inc. DS39969B-page 229
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REGISTER 16-3: [12CxMSK: 12Cx SLAVE MODE ADDRESS MASK REGISTER

U-0 U-0 U-0 U-0 U-0 u-0 R/W-0 R/W-0
— — — — — — AMSK9 AMSKS8
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
AMSK7 AMSK6 AMSK5 AMSK4 AMSK3 AMSK2 AMSK1 AMSKO
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 15-10 Unimplemented: Read as ‘0’
bit 9-0 AMSK<9:0>: Mask for Address Bit x Select bits

1 = Enable masking for bit x of the incoming message address; bit match is not required in this position
0 = Disable masking for bit x; bit match is required in this position

DS39969B-page 230 © 2010 Microchip Technology Inc.
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REGISTER 18-6: U1STAT: USB STATUS REGISTER

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0

bit 15 bit 8
R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC R-0, HSC uU-0 uU-0
ENDPT3 ENDPT2 ENDPT1 ENDPTO DIR PPBIM — —

bit 7 bit 0

Legend: U = Unimplemented bit, read as ‘0’

R = Readable bit W = Writable bit HSC = Hardware Settable/Clearable 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 7-4 ENDPT<3:0>: Number of the Last Endpoint Activity bits

(Represents the number of the BDT updated by the last USB transfer.)

1111 = Endpoint 15
1110 = Endpoint 14

0001 = Endpoint 1
0000 = Endpoint 0
bit 3 DIR: Last BD Direction Indicator bit

1 = The last transaction was a transmit transfer (TX)
0 = The last transaction was a receive transfer (RX)

bit 2 PPBI: Ping-Pong BD Pointer Indicator bit(")

1 = The last transaction was to the odd BD bank
0 = The last transaction was to the even BD bank

bit 1-0 Unimplemented: Read as ‘0’

Note 1: This bit is only valid for endpoints with available even and odd BD registers.
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REGISTER 19-1:

PMCON1: EPMP CONTROL REGISTER 1

R/W-0 U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
PMPEN |  — [ PSIDL | ADRMUX1 | ADRMUX0 | — MODEH1 MODEO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0
CSF1 CSFO0 ALP ALMODE — BUSKEEP IRQM1 IRQMO
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14
bit 13

bit 12-11

bit 10
bit 9-8

bit 7-6

bit 5

bit 4

bit 3

bit 2

bit 1-0

PMPEN: Parallel Master Port Enable bit

1 = EPMP is enabled

0 = EPMP is disabled

Unimplemented: Read as ‘0’

PSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode

0 = Continue module operation in Idle mode

ADRMUX<1:0>: Address/Data Multiplexing Selection bits

11 = Lower address bits are multiplexed with data bits using 3 address phases

10 = Lower address bits are multiplexed with data bits using 2 address phases

01 = Lower address bits are multiplexed with data bits using 1 address phase

00 = Address and data appear on separate pins

Unimplemented: Read as ‘0’

MODE<1:0>: Parallel Port Mode Select bits

11 = Master mode

10 = Enhanced PSP; pins used are PMRD, PMWR, PMCS, PMD<7:0> and PMA<1:0>

01 = Buffered PSP; pins used are PMRD, PMWR, PMCS and PMD<7:0>

00 = Legacy Parallel Slave Port; PMRD, PMWR, PMCS and PMD<7:0> pins are used

CSF<1:0>: Chip Select Function bits

11 = Reserved

10 = PMA<15> used for Chip Select 2, PMA<14> used for Chip Select 1

01 = PMA<15> used for Chip Select 2, PMCS1 used for Chip Select 1

00 = PMCS2 used for Chip Select 2, PMCS1 used for Chip Select 1

ALP: Address Latch Polarity bit

1 = Active-high (PMALL, PMALH and PMALU)

0 = Active-low (PMALL, PMALH and PMALU)

ALMODE: Address Latch Strobe Mode bit

1 = Enable “smart” address strobes (each address phase is only present if the current access would
cause a different address in the latch than the previous address)

0 = Disable “smart” address strobes

Unimplemented: Read as ‘0’

BUSKEEP: Bus Keeper bit

1 = Data bus keeps its last value when not actively being driven

0 = Data bus is in high-impedance state when not actively being driven

IRQM<1:0>: Interrupt Request Mode bits

11 = Interrupt generated when Read Buffer 3 is read or Write Buffer 3 is written (Buffered PSP mode),
or on a read or write operation when PMA<1:0> = 11 (Addressable PSP mode only)

10 = Reserved

01 = Interrupt generated at the end of a read/write cycle

00 = No interrupt is generated
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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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21.0 32-BIT PROGRAMMABLE
CYCLIC REDUNDANCY CHECK
(CRC) GENERATOR

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 41. “32-Bit Programmable
Cyclic Redundancy Check (CRC)”
(DS39729). The information in this data
sheet supersedes the information in the

The 32-bit programmable CRC generator provides a
hardware implemented method of quickly generating
checksums for various networking and security
applications. It offers the following features:

» User-programmable CRC polynomial equation,
up to 32 bits

» Programmable shift direction (little or big-endian)

* Independent data and polynomial lengths

» Configurable interrupt output

» Data FIFO

Figure 21-1 displays a simplified block diagram of the
CRC generator. A simple version of the CRC shift

FRM. engine is displayed in Figure 21-2.
FIGURE 21-1: CRC BLOCK DIAGRAM
CRCDATH CRCDATL
Variable FIFO FIFO Empty
(4x32, 8x16 or 16x8) Event CRCISEL
CRCWDATH CRCWDATL
CRC
LENDIAN 4 Interrupt
y v
Shift Buffer
’7 :: CRC Shift Engine Shift
Complete
4 Event
Shifter Clock
2 *Fey
FIGURE 21-2: CRC SHIFT ENGINE DETAIL
CRC Shift Engine CRCWDATH CRCWDATL
A
ReadMrite Bus
X0 X1 Xn("
A A A 4
Shift Buffer
Data Bit 0 Bit1 [ — — T T ’_ﬁ Bit n(") —‘
Note 1: n=PLEN<4:1>+ 1.
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REGISTER 22-23: G1VSYNC: VERTICAL SYNCHRONIZATION CONTROL 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
VSLEN7 VSLENG6 VSLEN5 VSLEN4 VSLEN3 VSLEN2 VSLEN1 VSLENO
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
VSST7 VSST6 VSST5 VSST4 VSST3 VSST2 VSST1 VSSTO
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 VSLEN<7:0>: VsyNC Pulse-Width Configuration bits (in lines)
The DPVSOE bit (G1CON3<1>) must be set for the VSYNC signal to toggle; minimum value is 1.
bit 7-0 VSST<7:0>: VsyNC Start Delay Configuration bits (in lines)

This is the number of lines from the start of vertical blanking to the start of VSYNC active.

REGISTER 22-24: G1DBLCON: DISPLAY BLANKING CONTROL 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
VENST7 VENST6 VENST5 VENST4 VENST3 VENST2 VENST1 VENSTO
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
HENST7 HENST6 HENST5 HENST4 HENST3 HENST2 HENST1 HENSTO
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 VENST<7:0>: Vertical Blanking Start to First Displayed Line Configuration bits (in lines)
This is the number of lines from the start of vertical blanking to the first displayed line of a frame.
bit 7-0 HENST<7:0>: Horizontal Blanking Start to First Displayed Pixel Configuration bits (in DISPCLKSs)

This is the number of GCLK cycles from the start of horizontal blanking to the first displayed pixel of
each displayed line.
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REGISTER 22-25: G1CLUT: COLOR LOOK-UP TABLE CONTROL REGISTER

RIW-0 R-0, HSC U-0 U-0 U-0 U-0 RIW-0 R/W-0
CLUTEN |cwtBusy| — | — |  — | — | CLUTTRD | CLUTRWEN
bit 15 bit 8
RIW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RIW-0 R/W-0
CLUTADR7 | CLUTADR6 | CLUTADRS5 | CLUTADR4 | CLUTADR3 | CLUTADR2 | CLUTADR1 | CLUTADRO
bit 7 bit 0

Legend: HSC = Hardware Settable/Clearable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14

bit 13-10
bit 9

bit 8

bit 7-0

CLUTEN: Color Look-up Table Enable Control bit

1 = Color look-up table is enabled

0 = Color look-up table is disabled

CLUTBUSY: Color Look-up Table Busy Status bit

1 = A CLUT entry read/write access is being executed

0 = No CLUT entry read/write access is being executed

Unimplemented: Read as ‘0’

CLUTTRD: Color Look-up Table Read Trigger bit

Enabling this bit will trigger a read to the CLUT location determined by the CLUTADR bits

(G1CLUT<7:0>) with CLUTRWEN enabled.

1 = CLUT read trigger is enabled (must be cleared in software after reading data in the G1CLUTRD
register)

0 = CLUT read trigger is disabled

CLUTRWEN: Color Look-up Table Read/Write Enable Control bit

This bit must be set when reading or modifying entries on the CLUT and it must also be cleared when

CLUT is used by the display controller.

1 = Color look-up table read/write enabled; display controller cannot access the CLUT

0 = Color look-up table read/write disabled; display controller can access the CLUT

CLUTADRK<7:0>: Color Look-up Table Memory Address bits
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30.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of the PIC24FJ256DA210 family electrical characteristics. Additional information will
be provided in future revisions of this document as it becomes available.

Absolute maximum ratings for the PIC24FJ256DA210 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 ..........ccccceennee. -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 Or VUSB .........ccccoeiiiieniiiiniiieiiee e -0.3V to (+5.5V)
Maximum CUITENt OUL OF VSS PN ...ttt et e s e e e et e e nnee 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 30-1).

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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