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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"
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22
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4V ~ 5.5V

A/D 5x10b

External

-40°C ~ 125°C (TA)

Surface Mount
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28-S0IC
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PIC16F872

TABLE 1-2: PIC16F872 PINOUT DESCRIPTION (CONTINUED)

Pin Name Pin# vo/p Butfer Description
Type Type
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 o | TTYSTM
RBO Digital I/0.
INT External interrupt pin.
RB1 22 I/0 TTL Digital I/O.
RB2 23 I/0 TTL Digital I/O.
RB3/PGM 24 I/O TTL
RB3 Digital I/0.
PGM Low voltage ICSP programming enable pin.
RB4 25 I/O TTL Digital I/0.
RB5 26 I/0 TTL Digital I/O.
RB6/PGC 27 /o | TTUSTA®
RB6 Digital I/O.
PGC In-Circuit Debugger and ICSP programming clock.
RB7/PGD 28 o | TTYsST®
RB7 Digital I/O.
PGD In-Circuit Debugger and ICSP programming data.
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 11 I/O ST
RCO Digital I/0.
T10SO Timer1 oscillator output.
T1CKI Timer1 clock input.
RC1/T10SI 12 I/O ST
RC1 Digital I/O.
T108SI Timer1 oscillator input.
RC2/CCP1 13 I/O ST
RC2 Digital I/O.
CCPH1 Capture1 input/Compare1 output/PWM1 output.
RC3/SCK/SCL 14 I/O ST
RC3 Digital I/O.
SCK Synchronous serial clock input/output for SPI mode.
SCL Synchronous serial clock input/output for [2C mode.
RC4/SDI/SDA 15 I/O ST
RC4 Digital I/O.
SDI SPI Data In pin (SPI mode).
SDA SPI Data /O pin (1°C mode).
RC5/SDO 16 I/O ST
RC5 Digital I/O.
SDO SPI Data Out pin (SPI mode).
RC6 17 I/0 ST Digital I/O.
RC7 18 I/0 ST Digital I/0.
Vss 8,19 P — Ground reference for logic and I/O pins.
VDD 20 P — Positive supply for logic and 1/O pins.
Legend: |=input O = output I/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
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PIC16F872

2223 INTCON Register Note:

The INTCON Register is a readable and writable regis-
ter, which contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

REGISTER 2-3: INTCON REGISTER (ADDRESS: 0Bh, 8Bh, 10Bh, 18Bh)

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

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

| GEE | PEE | TMROE | INTE RBIE | TMROIF | INTF RBIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4 INTE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)

0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared

(must be cleared in software).

0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit
- n = Value at POR 1’ = Bit is set

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

DS30221C-page 14
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3.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The Data EEPROM and FLASH Program Memory are
readable and writable during normal operation over the
entire VDD range. These operations take place on a sin-
gle byte for Data EEPROM memory and a single word
for Program memory. A write operation causes an
erase-then-write operation to take place on the speci-
fied byte or word. A bulk erase operation may not be
issued from user code (which includes removing code
protection).

Access to program memory allows for checksum calcu-
lation. The values written to Program memory do not
need to be valid instructions. Therefore, numbers of up
to 14 bits can be stored in memory for use as calibra-
tion parameters, serial numbers, packed 7-bit ASCII,
etc. Executing a program memory location, containing
data that forms an invalid instruction, results in the exe-
cution of a NOP instruction.

The EEPROM Data memory is rated for high erase/
write cycles (specification #D120). The FLASH Pro-
gram memory is rated much lower (specification
#D130) because EEPROM Data memory can be used
to store frequently updated values. An on-chip timer
controls the write time and it will vary with voltage and
temperature, as well as from chip to chip. Please refer
to the specifications for exact limits (specifications
#D122 and #D133).

A byte or word write automatically erases the location
and writes the new value (erase before write). Writing
to EEPROM Data memory does not impact the opera-
tion of the device. Writing to Program memory will
cease the execution of instructions until the write is
complete. The program memory cannot be accessed
during the write. During the write operation, the oscilla-
tor continues to run, the peripherals continue to func-
tion and interrupt events will be detected and
essentially “queued” until the write is complete. When
the write completes, the next instruction in the pipeline
is executed and the branch to the interrupt vector will
take place if the interrupt is enabled and occurred dur-
ing the write.

Read and write access to both memories take place
indirectly through a set of Special Function Registers
(SFR). The six SFRs used are:

e EEDATA

e EEDATH

e EEADR

e EEADRH

e EECON1

e EECON2

The EEPROM Data memory allows byte read and write
operations without interfering with the normal operation
of the microcontroller. When interfacing to EEPROM
Data memory, the EEADR register holds the address to
be accessed. Depending on the operation, the EEDATA
register holds the data to be written or the data read at
the address in EEADR. The PIC16F872 has 64 bytes of
EEPROM Data memory and therefore, requires that the
two Most Significant bits of EEADR remain clear.
EEPROM Data memory on these devices wraps around
to O (i.e., 40h in the EEADR maps to 00h).

The FLASH Program memory allows non-intrusive
read access, but write operations cause the device to
stop executing instructions until the write completes.
When interfacing to the Program memory, the
EEADRH:EEADR registers pair forms a two-byte word
which holds the 13-bit address of the memory location
being accessed. The EEDATH:EEDATA register pair
holds the 14-bit data for writes or reflects the value of
program memory after a read operation. Just as in
EEPROM Data memory accesses, the value of the
EEADRH:EEADR registers must be within the valid
range of program memory, depending on the device
(0000h to 07FFh). Addresses outside of this range
wrap around to 0000h (i.e., 0800h maps to 0000h).

3.1 EECON1 and EECON2 Registers

The EECONT register is the control register for config-
uring and initiating the access. The EECON2 register is
not a physically implemented register, but is used
exclusively in the memory write sequence to prevent
inadvertent writes.

There are many bits used to control the read and write
operations to EEPROM Data and FLASH Program
memory. The EEPGD bit determines if the access will
be a program or data memory access. When clear, any
subsequent operations will work on the EEPROM Data
memory. When set, all subsequent operations will
operate in the Program memory.

Read operations only use one additional bit, RD, which
initiates the read operation from the desired memory
location. Once this bit is set, the value of the desired
memory location will be available in the data registers.
This bit cannot be cleared by firmware. It is automati-
cally cleared at the end of the read operation. For
EEPROM Data memory reads, the data will be avail-
able in the EEDATA register in the very next instruction
cycle after the RD bit is set. For program memory
reads, the data will be loaded into the
EEDATH:EEDATA registers, following the second
instruction after the RD bit is set.

© 2006 Microchip Technology Inc.
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO

Value on: | Value on

Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, all other
BOR resets

01h,101h |TMRO Timer0 Module Register XXXX XXXX|Uuuuu uuuu

0Bh,8Bh, |INTCON GIE PEIE |TMROIE| INTE | RBIE |[TMROIF| INTF | RBIF {0000 000x| 0000 000u

10Bh,18Bh

81h,181h |OPTION_REG | RBPU |INTEDG| TOCS |TOSE| PSA PS2 PS1 | PSO |1111 1111|1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'.

Shaded cells are not used by TimerO.
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7.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module(s). The TMR2 reg-
ister is readable and writable, and is cleared on any
device RESET.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit,
TMR2IF (PIR1<1>)).

Timer2 can be shut-off by clearing control bit TMR20ON
(T2CON<2>) to minimize power consumption.

Register 7-1 shows the Timer2 Control register.
Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Q™

Reset Prescaler
TMR2 re: —
_> 11, 1:4, 1:16]  TOSO/4
Postscaler
2
1:1 to 1:16| EQ Comparator /I/
T2CKPS1:
4 PR2 reg T2CKPSO
T20UTPS3:
T20UTPSO

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.

REGISTER 7-1:  T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
UO RW-0 RWO RWO RW-0 RWO RWO0 RWO
|  — | TOUTPS3|TOUTPS2|TOUTPS1|TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as '0'

bit 6-3 TOUTPS3:TOUTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

bit 2 TMR20ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaler is 16

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

© 2006 Microchip Technology Inc.
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NOTES:
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REGISTER 9-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS: 14h)

RW-0 RW-0 RW-0 RW-0 RWO RWO0 RW-0  RW-0
| wcoL [ SsPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO
bit 7 bit 0

bit 7 WCOL.: Write Collision Detect bit

Master mode:

1 = A write to SSPBUF was attempted while the 1°C conditions were not valid

0 = No collision

Slave mode:

1 = SSPBUF register is written while still transmitting the previous word (must be cleared in software)
0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while SSPBUF holds previous data. Data in SSPSR is lost on overflow.
In Slave mode, the user must read the SSPBUF, even if only transmitting data, to avoid over-
flows. In Master mode, the overflow bit is not set since each operation is initiated by writing to
the SSPBUF register. (Must be cleared in software.)

0 = No overflow

In I°C mode:

1 = A byte is received while the SSPBUF is holding the previous byte. SSPOV is a "don’t care" in
Transmit mode. (Must be cleared in software.)

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit

In SPI mode:

When enabled, these pins must be properly configured as input or output.

1 = Enables serial port and configures SCK, SDO, SDI, and SS as the source of the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In 12C mode:

When enabled, these pins must be properly configured as input or output.

1 = Enables the serial port and configures the SDA and SCL pins as the source of the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: Clock Polarity Select bit

In SPI mode:

1 = IDLE state for clock is a high level

0 = IDLE state for clock is a low level

In I2C slave mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In 12C master mode:

Unused in this mode

bit 3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0000 = SPI Master mode, clock = FOsc/4

0001 = SPI Master mode, clock = FOSC/16

0010 = SPI Master mode, clock = FOSC/64

0011 = SPI Master mode, clock = TMR2 output/2

0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled.

0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as /O pin.

0110 = I2C Slave mode, 7-bit address

0111 = I’C Slave mode, 10-bit address

1000 = I°C Master mode, clock = Fosc / (4 * (SSPADD+1)

1011 = [°C Firmware Controlled Master mode (slave idle)

1110 = [°C Firmware Controlled Master mode, 7-bit address with START and STOP bit interrupts
enabled

1111 = [°C Firmware Controlled Master mode, 10-bit address with START and STOP bit interrupts
enabled

1001, 1010, 1100, 1101 =reserved

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
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There are certain conditions that will cause the MSSP
module not to give this ACK pulse. These are if either
(or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

If the BF bit is set, the SSPSR register value is not
loaded into the SSPBUF, but bit SSPIF and SSPOV are
set. Table 9-2 shows what happens when a data trans-
fer byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister, while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low time for proper operation. The high and low times
of the 12C specification, as well as the requirement of
the MSSP module, is shown in timing parameter #100
and parameter #101 of the electrical specifications.

9.2.11 Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register on the falling edge of the 8th
SCL pulse.

b) The buffer full bit, BF, is set on the falling edge
of the 8th SCL pulse.

c) AnACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>), is set
(interrupt is generated if enabled) on the falling
edge of the 9th SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write,
so the slave device will receive the second address
byte. For a 10-bit address the first byte would equal
‘1111 0 A9 A8 0, where A9 and A8 are the two
MSbs of the address. The sequence of events for a
10-bit address is as follows, with steps 7-9 for slave
transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF and UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with the second
(low) byte of Address (clears bit UA and
releases the SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address. This will clear bit UA and
release the SCL line.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

Note: Following the Repeated START condition
(step 7) in 10-bit mode, the user only
needs to match the first 7-bit address. The
user does not update the SSPADD for the

second half of the address.

9.2.1.2 Slave Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set. This is an error

condition due to user firmware.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the received byte.

Note: The SSPBUF will be loaded if the SSPOV
bit is set and the BF flag is cleared. If a
read of the SSPBUF was performed, but
the user did not clear the state of the
SSPOV bit before the next receive

occurred, the ACK is not sent and the

SSPBUF is updated.

© 2006 Microchip Technology Inc.
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9.2.7 I°C MASTER MODE SUPPORT

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCON and by setting the
SSPEN bit. Once Master mode is enabled, the user
has six options.

¢ Assert a START condition on SDA and SCL.

¢ Assert a Repeated START condition on SDA and
SCL.

* Write to the SSPBUF register, initiating transmis-
sion of data/address.

¢ Generate a STOP condition on SDA and SCL.
« Configure the I2C port to receive data.

¢ Generate an Acknowledge condition at the end of
a received byte of data.

Note: The MSSP module, when configured in 12C
Master mode, does not allow queueing of
events. For instance, the user is not
allowed to initiate a START condition and
immediately write the SSPBUF register to
initiate transmission, before the START
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

9.2.7.1 I2C Master Mode Operation

The master device generates all of the serial clock
pulses and the START and STOP conditions. A trans-
fer is ended with a STOP condition or with a Repeated
START condition. Since the Repeated START condi-
tion is also the beginning of the next serial transfer, the
I2C bus will not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic '0'. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. START and STOP
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic '1'. Thus, the first byte transmitted is a 7-bit slave
address followed by a '1' to indicate receive bit. Serial
data is received via SDA, while SCL outputs the serial
clock. Serial data is received 8 bits at a time. After each
byte is received, an Acknowledge bit is transmitted.
START and STOP conditions indicate the beginning
and end of transmission.

The baud rate generator used for SPI mode operation
is now used to set the SCL clock frequency for either
100 kHz, 400 kHz or 1 MHz I°C operation. The baud
rate generator reload value is contained in the lower 7
bits of the SSPADD register. The baud rate generator

will automatically begin counting on a write to the
SSPBUF. Once the given operation is complete (i.e.,
transmission of the last data bit is followed by ACK) the
internal clock will automatically stop counting and the
SCL pin will remain in its last state

A typical transmit sequence would go as follows:

a) The user generates a Start Condition by setting
the START enable bit (SEN) in SSPCON2.

b) SSPIF is set. The module will wait the required
start time before any other operation takes place.

c) The user loads the SSPBUF with address to
transmit.

d) Address is shifted out the SDA pin until all 8 bits
are transmitted.

e) The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCON2 register (SSPCON2<6>).

f)  The module generates an interrupt at the end of
the ninth clock cycle by setting SSPIF.

g) The user loads the SSPBUF with eight bits of data.

h) DATA s shifted out the SDA pin until all 8 bits are
transmitted.

i)  The MSSP module shifts in the ACK bit from the
slave device, and writes its value into the
SSPCON2 register (SSPCON2<6>).

i)  The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF bit.

k) The user generates a STOP condition by setting
the STOP enable bit PEN in SSPCON2.

I) Interrupt is generated once the STOP condition
is complete.

9.2.8 BAUD RATE GENERATOR

In 1°C Master mode, the reload value for the BRG is
located in the lower 7 bits of the SSPADD register
(Figure 9-10). When the BRG is loaded with this value,
the BRG counts down to 0 and stops until another reload
has taken place. The BRG count is decremented twice
per instruction cycle (Tcy), on the Q2 and Q4 clock.

In I>C Master mode, the BRG is reloaded automatically.
If Clock Arbitration is taking place, for instance, the
BRG will be reloaded when the SCL pin is sampled
high (Figure 9-11).
FIGURE 9-10: BAUD RATE GENERATOR
BLOCK DIAGRAM

sspms:sspmoj‘} SSPADD<6:0>

SSPM3:SSPMO —— | Reload | Reload
SCL — Control

CLKOUT<—| BRG Down Counter fﬁcm
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12C MASTER MODE TIMING (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 9-14
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FIGURE 11-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VbD VIA RC NETWORK)

VDD —:/

MCLR

INTERNAL POR ‘ I

TPWRT

PWRT TIME-OUT e TOST =

|

INTERNAL RESET ‘

OST TIME-OUT

FIGURE 11-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 1

VbD —/

MCLR

INTERNAL POR ‘ :

TPWRT

PWRT TIME-OUT ' +—TOST—>

OST TIME-OUT

INTERNAL RESET
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11.13 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The I/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the 1/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are hi-impedance inputs, high or low externally, to
avoid switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (VIHMC).
11.13.1  WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of
the following events:

1. External RESET input on MCLR pin.

2. Watchdog Timer wake-up (f WDT was
enabled).

3. Interrupt from INT pin, RB port change or
Peripheral Interrupt.

External MCLR Reset will cause a device RESET. All
other events are considered a continuation of program
execution and cause a “wake-up”. The TO and PD bits
in the STATUS register can be used to determine the
cause of device RESET. The PD bit, which is set on
power-up, is cleared when SLEEP is invoked. The TO
bit is cleared if a WDT time-out occurred and caused
wake-up.

The following peripheral interrupts can wake the device
from SLEEP:
1. PSP read or write.

2. TMRT1 interrupt. Timer1 must be operating as an
asynchronous counter.

3. CCP Capture mode interrupt.

4. Special event trigger (Timer1 in Asynchronous
mode using an external clock).

5. SSP (START/STOP) bit detect interrupt.

6. SSP transmit or receive in Slave mode
(SPI/I2C).

7. USART RX or TX (Synchronous Slave mode).

8. A/D conversion (when A/D clock source is RC).

9. EEPROM write operation completion.

Other peripherals cannot generate interrupts, since
during SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

11.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

* |f the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

e |f the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from SLEEP. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 11-11:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

rQ1l Q2 @3l 4, a1l @2l Q3 @4, Q1

. Q1 a4 Q3 @4, a1l Q2| @3l Q4; a1l @4 Q3| Q4, Q1] Q2 Q3| Q4

If GIE ='0', execution will continue in-line.

0OSCH AW AW AW AW AW AW A AWV aWaAWAWA WA WaAWaAWaA WA Wa WAl
I<_>I 1 1 1 1
ckout® \  Tost® | / \ / A\ A /—
NTpn | | : I | : : :
INTE Flag - : : \: ' : ' '
(INTCOI\?<1>) /+ . i Interrupt Latency . .
' ' ' : ' ' (Note 2) ' ' '
(Ci:‘ll\lEl'glé)N<7>)' ' Processorin l ; \ . . '
1 1 L —— 1 1 1 1 1
. . "~ SLEEP . . . ‘ .
INSTRUGTION FLOW : ﬁ j : : : ﬁ :
PC ¥ PC \—PC X PC+2 X PCiz W PC+Z X 000Ah X 0005h .
oot 1 Inst(PC) = SLEEP  Inst(PC + 1) ©Inst(PC+2) ' Inst(0004h) ' Inst(0005h)
E‘fég‘lﬁg%n {. Inst(PC-1) « SLEEP ' + Inst(PC+1) « Dummycycle .  Dummycycle  |nst(0004h) -
Note 1: XT, HS or LP oscillator mode assumed.

2: TosT = 1024Tosc (drawing not to scale). This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case, after wake- up, the processor jumps to the interrupt routine.

4: CLKOUT is not available in these osc modes, but shown here for timing reference.

11.14 In-Circuit Debugger

When the DEBUG bit in the configuration word is
programmed to a '0', the In-Circuit Debugger function-
ality is enabled. This function allows simple debugging
functions when used with MPLAB® IDE. When the
microcontroller has this feature enabled, some of the
resources are not available for general use. Table 11-8
shows which features are consumed by the back-
ground debugger.

TABLE 11-8: DEBUGGER RESOURCES
1/0 pins RB6, RB7
Stack 1 level

Program Memory Address 0000h must be NOP

Last 100h words

Data Memory 0x070 (0x0F0, 0x170, Ox1FO0)

Ox1EB - OX1EF

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VPP, VDD, GND,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.

11.15 Program Verification/Code
Protection

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

11.16

Four memory locations (2000h - 2003h) are designated
as ID locations, where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution, but are read-
able and writable during program/verify. It is recom-
mended that only the 4 Least Significant bits of the ID
location are used.

ID Locations

© 2006 Microchip Technology Inc.
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Exclusive OR W with f

SWAPF Swap Nibbles in f XORWF
Syntax: [label] SWAPF f,d Syntax:
Operands: 0<f<127 Operands:
d e [0,1]
Operation: (f<3:0>) — (destination<7:4>), Operation:
(f<7:4>) — (destination<3:0>) Status Affected:
Status Affected: None Description:
Description: The upper and lower nibbles of
register 'f' are exchanged. If 'd" is
0, the result is placed in the W
register. If 'd' is 1, the result is
placed in register 'f'.
XORLW Exclusive OR Literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k = (W)
Status Affected: 4
Description: The contents of the W register

are XOR’ed with the eight-bit lit-
eral 'k'. The result is placed in
the W register.

[ label] XORWF f{d
0<f<127

de [0,1]

(W) .XOR. (f) — (destination)

Z

Exclusive OR the contents of the
W register with register 'f'. If 'd' is
0, the result is stored in the W

register. If 'd' is 1, the result is
stored back in register 'f'.
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DEVELOPMENT TOOLS FROM MICROCHIP
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14.5 Timing Parameter Symbology

The timing parameter symbols have been created fol-
lowing one of the following formats:

1. TppS2ppS 3. Tcc:sT (I°C specifications only)
2. TppS 4.Ts (12C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pPp
cc CCP1 0sc OSC1
ck CLKOUT rd RD
cs cS w RD or WR
di SDI sC SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) Vv Valid
L Low Z Hi-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (I°C specifications only)
CcC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
FIGURE 14-3: LOAD CONDITIONS
Load Condition 1 Load Condition 2
VDD/2
RL
1
Pin T CL Pin T CL
Vss Vss
RL =464 Q
CL = 50 pF for all pins except OSC2, but including PORTD and PORTE outputs as ports
15 pF for OSC2 output

DS30221C-page 126

© 2006 Microchip Technology Inc.




PIC16F872

TABLE 14-6: SPI MODE REQUIREMENTS
Pilr:m Symbol Characteristic Min Typt Max | Units | Conditions

70*  |TssL2scH, |SS! to SCKI or SCKT Input Toy — — ns
TssL2scL

71* TscH SCK Input High Time (Slave mode) Tcy + 20 — — ns

72 TscL SCK Input Low Time (Slave mode) Tcy + 20 — — ns

73" TdiV2scH, | Setup Time of SDI Data Input to SCK Edge 100 — — ns
TdiV2scL

74* TscH2diL, Hold Time of SDI Data Input to SCK Edge 100 — — ns
TscL2diL

75* TdoR SDO Data Output Rise Time Standard(F) — 10 25 ns

Extended(LF) — 25 50 ns

76* TdoF SDO Data Output Fall Time — 10 25 ns

77 TssH2doZ | SST to SDO Output Hi-Impedance 10 — 50 ns

78* TscR SCK Output Rise Time (Master mode) | Standard(F) — 10 25 ns

Extended(LF) — 25 50 ns

79* TscF SCK Output Fall Time (Master mode) — 10 25 ns

80* TscH2doV, |SDO Data Output Valid after SCK Standard(F) — — 50 ns
TscL2doV Edge Extended(LF) — — 145

81* TdoV2scH, |SDO Data Output Setup to SCK Edge Tey — — ns
TdoV2scL

82* TssL2doV | SDO Data Output Valid after SS! Edge — — 50 ns

83* TscH2ssH, |SST after SCK Edge 1.5Tcy + 40 — — ns
TscL2ssH

* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested.

FIGURE 14-14: I12C BUS START/STOP BITS TIMING
200 e
T ss Tl
. / ss A f 5

START
Condition

Note: Refer to Figure 14-3 for load conditions.

STOP
Condition

TABLE 14-7: 12C BUS START/STOP BITS REQUIREMENTS
Par:llr:eter Symbol Characteristic Min | Typ | Max | Units Conditions

90 TSu:STA START condition 100 kHz mode 4700 | — | — ns |Only relevant for Repeated
Setup time 400 kHz mode 600 | — | — START condition

91 THD:STA START condition 100 kHz mode 4000 | — | — ns |After this period, the first clock
Hold time 400 kHz mode 600 | — | — pulse is generated

92 Tsu:sTO STOP condition 100 kHz mode 4700 | — | — ns
Setup time 400 kHz mode 600 | — | —

93 THD:STO STOP condition 100 kHz mode 4000 | — | — ns
Hold time 400 kHz mode 600 | — | —
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15.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are
not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified oper-
ating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” represents (mean + 3c) or (mean - 3c)

respectively, where ¢ is a standard deviation, over the whole temperature range.

FIGURE 15-1:

TYPICAL Ipp vs. Fosc OVER Vbb (HS MODE)

7

Typical: statistical mean @ 25°C
Maximum: mean + 3o (-40°C to 125°C)
Minimum: mean — 3¢ (-40°C to 125°C)

<
E
8
2.
2 4 .
1 ———
:: 2.5V
r 2.2V
0
4 6 8 10 12 14 16 18 20
Fosc (MHz)
FIGURE 15-2: MAXIMUM Ipp vs. Fosc OVER Vbp (HS MODE)
8 [
Typical: statistical mean @ 25°C /
7 Maximum: mean + 3o (-40°C to 125°C) /
Minimum: mean — 30 (-40°C to 125°C) /
6 l/
5.5V / /
/ 5.0V —
5 ) / — 4.5V
o
; / 4.0V
3 //
2 ] /
// 3.0v
1 _ ’
<4— 2.5V
T‘\ 2.2V
o+ " "
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Fosc (MHz)
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Bus Collision During START Condition

(SCL=0) evireeiereeieeee e 75
Bus Collision During START Condition

(SDA ONIY) oo

Capture/Compare/PWM .........ccccccoiiiiiiiiiieineeeee
CLKOUT and I/O ............... .
External Clock .................
First START Bit Timing ...
[PC BUS DALA ...,
[2C Bus START/STOP BItS ......covveeeeceeeseeseeeereeeen.
IC Master Mode Transmission
I2C Mode (7-bit Reception) .......
I°C Mode (7-bit Transmission) ..
Master Mode Transmit Clock Arbitration ................... 72
Power-up TIMEr ....coooiviiiiiiieee e
Repeat START Condition ..
RESET e
Slave Mode General Call Address Sequence

(7 or 10-bit Mode) .......ccocuveciiiiiiiiiiieee, 61
Slow Rise Time (MCLR Tied to VDD

Via RC Network) ....cccoeeecvveeeiireciiee e 96
SPI Master Mode ........cooociiiiiiiiiiiie e 56
SPI Master Mode (CKE =0, SMP =0) ......cccceene. 132
SPI Master Mode (CKE=1,SMP =1) ....ccccceevnennn. 132
SPI Slave Mode (CKE =0) ....ccceevieeeiiiieneeenne 57, 133
SPI Slave Mode (CKE = 1) ... .57, 133
Start-up TIMEr ..ccueeeeeiie e 129
STOP Condition Receive or Transmit Mode .............. 72
Time-out Sequence on Power-up .........cccccecevnceeeeen. 96

Time-out Sequence on Power-up
(MCLR Not Tied to VDD)

Case 1 .o 95
CASE 2 e 96
Time-out Sequence on Power-up
(MCLR Tied to VDD Via RC Network) ........ 95
TIMEr0 ..o 130
TIMErT e 130
Wake-up from SLEEP via Interrupt ...........ccoccoeeeenis 101
Watchdog Timer .
Timing Parameter Symbology .........cccccconiiiiiiiiiniinen. 126
TMRO REQISIEr ....eoiiiiiiieiiie e
TMR1CS bit ........
TMR1H Register .....
TMR1L Register ..
TMRION Dit ..o e e
TMR2 REQISIEr ..oeviiiiiiiieie et
TOUTPS3:TOUTPSO bits .43
TRISA Register ................ ....10
TRISB Register ... ....10
TRISC ReGISIer ..o.ueiiiiiiiicie et 10

V)
UA Bit
Update Address Bit (UA) ......ccocoeviiiiiiiiiiie e, 52
w
Wake-up from SLEEP .. ...87, 100
INTEITUPES oo 93
MCLR RESEt ..ot 93
WDT RESEL .. 93
Wake-Up Using Interrupts ........cccovoveeiiieiniieeeceeen 100
Watchdog Timer (WDT) ... 87, 99
Enable (WDTE Bit) ...cccoveeiiieieeieeeeeeee e 99
Postscaler. See Postscaler, WDT
Programming Considerations ...........cccecveveeriieeneenns 99
RC Oscillator ........cccoeeviieenenen. ....99
Time-out Period .... ... 99
WDT Reset, Normal Operation ... .91, 93
WDT Reset, SLEEP .......cccocoiiiiiiiiieeieee, 91, 93
WDT Reset, Wake-Up ....cccoverieiieeeiiiieieee e 93
WCOL
WEOOL Bit ettt 53
WCOL Status Flag .....cccoceveeriieeiiineereeeee 65, 67, 69, 71
Write Collision Detect Bit (WCOL) ......ccovcevvvcveeeiiee e 53
Write Verify
Data EEPROM and FLASH Program Memory .......... 27
WWW, ONn-Line SUPPOIt ....eveeiiieeeie e cie e seee e e 2

DS30221C-page 162

© 2006 Microchip Technology Inc.



