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"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.
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22
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2.2.21 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

REGISTER 2-1:

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary."

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.

STATUS REGISTER (ADDRESS: 03h, 83h, 103h, 183h)

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 | RPO TO PO | z | bDC Cc
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (00h - FFh)
bit 6:5 RP1:RPO: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4 TO: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction

0 = A WDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

(for borrow the polarity is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note: For borrow the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.

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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2.2.2.5 PIR1 Register Note: Interrupt flag bits are set when an interrupt
The PIR1 register contains the individual flag bits for condition occurs, regardless of the state of
the peripheral interrupts. its corresponding enable bit or the global

REGISTER 2-5:

bit 7
bit 6

bit 5-4
bit 3

bit 2

bit 1

bit 0

enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt bits are clear prior to enabling an
interrupt.

PIR1 REGISTER (ADDRESS: 0Ch)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

reserved | ADIF | reserved | reserved | SSPIF | CCP1IF | TMR2IF | TMRIIF

bit 7 bit 0

Reserved: Always maintain these bits clear

ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
0 = The A/D conversion is not complete
Reserved: Always maintain these bits clear
SSPIF: Synchronous Serial Port (SSP) Interrupt Flag
1 =The SSP interrupt condition has occurred, and must be cleared in software before returning
from the Interrupt Service Routine. The conditions that will set this bit are:
e SPI
- A transmission/reception has taken place

+ [°C Slave
- A transmission/reception has taken place
* 12C Master

- A transmission/reception has taken place

The initiated START condition was completed by the SSP module

The initiated STOP condition was completed by the SSP module

The initiated Restart condition was completed by the SSP module

The initiated Acknowledge condition was completed by the SSP module
- A START condition occurred while the SSP module was idle (multi-master system)
- A STOP condition occurred while the SSP module was idle (multi-master system)

0 = No SSP interrupt condition has occurred

CCP1IF: CCP1 Interrupt Flag bit
Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode: Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

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

DS30221C-page 16

© 2006 Microchip Technology Inc.



PIC16F872

Write operations have two control bits, WR and WREN,
and two status bits, WRERR and EEIF. The WREN bit
is used to enable or disable the write operation. When
WREN is clear, the write operation will be disabled.
Therefore, the WREN bit must be set before executing
a write operation. The WR bit is used to initiate the write
operation. It also is automatically cleared at the end of
the write operation. The interrupt flag EEIF (located in
register PIR2) is used to determine when the memory
write completes. This flag must be cleared in software
before setting the WR bit. For EEPROM Data memory,
once the WREN bit and the WR bit have been set, the
desired memory address in EEADR will be erased fol-
lowed by a write of the data in EEDATA. This operation
takes place in parallel with the microcontroller continu-
ing to execute normally. When the write is complete,
the EEIF flag bit will be set. For program memory, once
the WREN bit and the WR bit have been set, the micro-
controller will cease to execute instructions. The

desired memory location pointed to by
EEADRH:EEADR will be erased. Then the data value
in EEDATH:EEDATA will be programmed. When com-
plete, the EEIF flag bit will be set and the microcontrol-
ler will continue to execute code.

The WRERR bit is used to indicate when the device
has been RESET during a write operation. WRERR
should be cleared after Power-on Reset. Thereafter, it
should be checked on any other RESET. The WRERR
bit is set when a write operation is interrupted by a
MCLR Reset or a WDT Time-out Reset during normal
operation. In these situations, following a RESET, the
user should check the WRERR bit and rewrite the
memory location if set. The contents of the data regis-
ters, address registers and EEPGD bit are not affected
by either MCLR Reset or WDT Time-out Reset during
normal operation.

REGISTER 3-1: EECON1 REGISTER (ADDRESS 18Ch)

R/W-x U-0 U-0 U-0 RW-x RW-0 RS0 RSO
EEPGD — | — | — J|wmRerRr| WReN | WwR RD
bit 7 bit 0
bit 7 EEPGD: Program/Data EEPROM Select bit

1 = Accesses Program memory
0 = Accesses data memory

(This bit cannot be changed while a read or write operation is in progress.)

bit 6-4 Unimplemented: Read as '0'
bit 3 WRERR: EEPROM Error Flag bit

1 = A write operation is prematurely terminated
(any MCLR Reset or any WDT Reset during normal operation)

0 = The write operation completed
bit 2 WREN: EEPROM Write Enable bit

1 = Allows write cycles
0 = Inhibits write to the EEPROM

bit 1 WR: Write Control bit

1 = Initiates a write cycle (The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete

bit 0 RD: Read Control bit

1 = Initiates an EEPROM read RD is cl
cleared) in software.
0 = Does not initiate an EEPROM read

eared in hardware. The RD bit can only be set (not

Legend:

U = Unimplemented bit, read as ‘0’

S = Settable bit R = Readable bit W = Writable bit

- n = Value at POR

"1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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3.8

The PIC16F872 has two code protect mechanisms,
one bit for EEPROM Data memory and two bits for
FLASH Program memory. Data can be read and written
to the EEPROM Data memory regardless of the state
of the code protection bit, CPD. When code protection
is enabled, CPD cleared, external access via ICSP is
disabled regardless of the state of the program memory
code protect bits. This prevents the contents of
EEPROM Data memory from being read out of the
device.

Operation While Code Protected

The state of the program memory code protect bits,
CPO and CP1, do not affect the execution of instruc-
tions out of program memory. The PIC16F872 can
always read the values in program memory, regardless
of the state of the code protect bits. However, the state
of the code protect bits and the WRT bit will have differ-

ent effects on writing to program memory. Table 4-1
shows the effect of the code protect bits and the WRT
bit on program memory.

Once code protection has been enabled for either
EEPROM Data memory or FLASH Program memory,
only a full erase of the entire device will disable code
protection.

3.9 FLASH Program Memory Write
Protection

The configuration word contains a bit that write protects
the FLASH Program memory called WRT. This bit can
only be accessed when programming the device via
ICSP. Once write protection is enabled, only an erase
of the entire device will disable it. When enabled, write
protection prevents any writes to FLASH Program
memory. Write protection does not affect program
memory reads.

TABLE 3-1: READ/WRITE STATE OF INTERNAL FLASH PROGRAM MEMORY
Configuration Bits
Memory Location InFtterr:daI ";,‘vef"a' ICSP Read | ICSP Write
CP1 CPO WRT ea rite
0 0 0 All program memory Yes No No No
0 0 1 All program memory Yes Yes No No
1 1 0 All program memory Yes No Yes Yes
1 1 1 All program memory Yes Yes Yes Yes
TABLE 3-2: REGISTERS ASSOCIATED WITH DATA EEPROM/PROGRAM FLASH
Value on: Value on
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |[INTCON GIE PEIE | TMROIE | INTE RBIE |TMROIF| INTF | RBIF [ 0000 000x| 0000 000u
10Bh, 18Bh
10Dh EEADR |EEPROM Address Register, Low Byte XXXX XXXX | uuuu uuuu
10Fh EEADRH — — — |EEPROM Address, High Byte XXXX XXXX | uuuu uuuu
10Ch EEDATA |EEPROM Data Register, Low Byte XXXX XXXX | uuuu uuuu
10Eh EEDATH — — EEPROM Data Register, High Byte XXXX XXXX | uuuu uuuu
18Ch EECON1 | EEPGD | — — | — [wRERR|WREN| WR | RD [x--- x000| x--- u000
18Dh EECON2 |EEPROM Control Register2 (not a physical register) — —
8Dh PIE2 — (1) — EEIE BCLIE — — (1) |[-r-0 0--r| -r-0 O0--r
0Dh PIR2 — (1) — EEIF BCLIF — — (1) |[-r-0 0--r| -r-0 O0--r
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as '0'.
Shaded cells are not used during FLASH/EEPROM access.
Note 1: These bits are reserved; always maintain these bits clear.
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TABLE 4-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input.

RC1/T10SI/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output.

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/
PWM output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and 1°C
modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or Data 1/0 (I2C mode).

RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output
(SPI mode).

RC6 bité ST Input/output port pin.

RC7 bit7 ST Input/output port pin.

Legend: ST = Schmitt Trigger input

TABLE 4-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: | Value on

Address | Name | Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 POR, all other
BOR RESETS
07h PORTC | RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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6.4 Timer1 Operation in
Asynchronous Counter Mode

If control bit TISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

In Asynchronous Counter mode, Timer1 cannot be
used as a time-base for capture or compare opera-
tions.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will guarantee a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself, poses certain problems, since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers while the
register is incrementing. This may produce an unpre-
dictable value in the timer register.

Reading the 16-bit value requires some care. Exam-
ples 12-2 and 12-3 in the PICmicro™ Mid-Range MCU
Family Reference Manual (DS33023) show how to
read and write Timer1 when it is running in Asynchro-
nous mode.

6.5 Timer1 Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T10SO (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator, rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timer1 oscillator.

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 C2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | + 20 PPM
100 kHz Epson C-2 100.00 KC-P | + 20 PPM
200 kHz STD XTL 200.000 kHz | +20 PPM

Note 1: Higher capacitance increases the stability

of oscillator, but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-

priate values of external components.

6.6 Resetting Timer1 using a CCP
Trigger Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger’
(CCP1M3:CCP1M0O = 1011), this signal will reset
Timeri.

Note: The special event triggers from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).

Timer1 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timer1 is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXxL regis-
ter pair effectively becomes the period register for
Timer1.

6.7 Resetting of Timer1 Register Pair
(TMR1H, TMR1L)

TMR1H and TMR1L registers are not reset to 00h on a
POR or any other RESET, except by the CCP1 and
CCP2 special event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other RESETS, the register
is unaffected.

6.8 Timer1 Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMR1L registers.

© 2006 Microchip Technology Inc.
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REGISTER 9-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: SYNC SERIAL PORT CONTROL REGISTER2 (ADDRESS: 91h)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN

bit 7 bit 0

GCEN: General Call Enable bit (In I2C Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled

ACKSTAT: Acknowledge Status bit (In I2C Master mode only)

In Master Transmit mode:

1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (In I°C Master mode only)

In Master Receive mode:

Value that will be transmitted when the user initiates an Acknowledge sequence at the end of
a receive.

1 = Not Acknowledge

0 = Acknowledge

ACKEN: Acknowledge Sequence Enable bit (In [2C Master mode only)

In Master Receive mode:

1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit. Auto-
matically cleared by hardware.

0 = Acknowledge sequence IDLE

RCEN: Receive Enable bit (In [°C Master mode only).

1 = Enables Receive mode for 1°C

0 = Receive IDLE

PEN: STOP Condition Enable bit (In I°C Master mode only)

SCK Release Control:

1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.

0 = STOP condition IDLE

RSEN: Repeated START Condition Enabled bit (In I°C Master mode only)

1 = Initiate Repeated START condition on SDA and SCL pins. Automatically cleared by
hardware.

0 = Repeated START condition IDLE

SEN: START Condition Enabled bit (In I°C Master mode only)

1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.
0 = START condition IDLE

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the [2C module is not in the IDLE
mode, this bit may not be set (no spooling), and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

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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The clock polarity is selected by appropriately program-
ming bit CKP (SSPCON<4>). This, then, would give
waveforms for SPlI communication as shown in
Figure 9-6, Figure 9-8 and Figure 9-9, where the MSb is
transmitted first. In Master mode, the SPI clock rate (bit
rate) is user programmable to be one of the following:

e Fosc/4 (or Tcy)

e FOsc/16 (or 4 « Tcy)

e Fosc/64 (or 16 = Tcy)

¢ Timer2 Output/2

FIGURE 9-2:

This allows a maximum bit clock frequency (at 20 MHz)
of 5.0 MHz.

Figure 9-6 shows the waveforms for Master mode.
When CKE = 1, the SDO data is valid before there is a
clock edge on SCK. The change of the input sample is
shown based on the state of the SMP bit. The time
when the SSPBUF is loaded with the received data is
shown.

SPI MODE TIMING, MASTER MODE

SCK (CKP =0, L L

CKE =0)

SCK (CKP =0, [ ] | ]

CKE = 1)
SCK (CKP =1,

CKE =0) I N

SCK (CKP =1,

CRE=Y L LT

SDO

bitz X bite X bits X bit4 X bitdg { btz X bt X bito

bit7
SDI (SMP = 1)

bit7
SSPIF

SDI (SMP = 0) C C C C C C C C

bit0

bit0

-

9.1.2 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the interrupt flag bit SSPIF (PIR1<3>)
is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times, as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

Note 1: When the SPI module is in Slave mode
with SS pin control enabled
(SSPCON<3:0> = 0100), the SPI module
will reset if the SS pin is set to VDD.

2: If the SPI is used in Slave mode with
CKE ='1', then SS pin control must be
enabled.
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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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12C MASTER MODE TIMING (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 9-14
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REGISTER 11-1: CONFIGURATION WORD (ADDRESS: 2007h)(")
RP1 RP1 RP1 U0 RP1 RP1 RP1 RP1 RP1 RP1 RP-1 RP1 RP-1 RP-1

| cp1 | cPo |[DEBUG| — | WRT|CPD | LVP [BODEN| CP1 | CPO |PWRTE | WDTE |FOSC1|FOSCO]
bit13 bito
bit 13-12 CP1:CP0: FLASH Program Memory Code Protection bits(2)

bit 5-4 11 = Code protection off

10 = Not supported
01 = Not supported
00 = All memory code protected
bit 11 DEBUG: In-Circuit Debugger Mode bit
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose I/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger
bit 10 Unimplemented: Read as ‘1’

bit 9 WRT: FLASH Program Memory Write Enable bit
1 = Unprotected program memory may be written to by EECON control
0 = Unprotected program memory may not be written to by EECON control

bit 8 CPD: Data EEPROM Memory Code Protection bit
1 = Code protection off
0 = Data EEPROM memory code protected
bit 7 LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 is digital I/0, HV on MCLR must be used for programming
bit 6 BODEN: Brown-out Reset Enable bit(®
1 = BOR enabled
0 = BOR disabled

bit 3 PWRTE: Power-up Timer Enable bit(®)
1 = PWRT disabled
0 = PWRT enabled
bit 2 WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 1-0 FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: The erased (unprogrammed) value of the configuration word is 3FFFh.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection
scheme listed.
3: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of
the value of bit PWRTE. Ensure the Power-up Timer is enabled any time Brown-out Reset

is enabled.
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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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.

DS30221C-page 100

© 2006 Microchip Technology Inc.



PIC16F872

DEVELOPMENT TOOLS FROM MICROCHIP
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14.1 DC Characteristics: PIC16F872 (Commercial, Industrial)
PIC16LF872 (Commercial, Industrial)
PIC16LF872 (Commercial, Industrial) Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
0°C <TA< +70°C for commercial
PIC16F872 (Commercial, Industrial) Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
0°C <TA< +70°C for commercial
Param | Symbol Characteristic/ Min | Typt | Max | Units Conditions
No. Device
VDD Supply Voltage
D001 PIC16LF872 | 2.2 — 55 V  |LP,XT,RC osc configuration
(DC to 4 MHz)
D001 PIC16F872 | 4.0 — 5.5 V  |LP, XT, RC osc configuration
DO0O1A PIC16LF872 | 4.5 5.5 V  |HS osc configuration
DOO1A PIC16F872 | VBOR 55 | V |BOR enabled, Fmax = 14 MHz(?)
D002 |VDR RAM Data Retention — 1.5 — \
Voltage(!)
D003 |VPOR VbD Start Voltage to — Vss | — V  |See section on Power-on Reset for details
ensure internal Power-on
Reset signal
D004 |SvbD VDD Rise Rate to ensure | 0.05 — — | V/ms |See section on Power-on Reset for details
internal Power-on Reset
signal
D005 |VBOR Brown-out Reset 3.7 40 | 4.35 V  |BODEN bit in configuration word enabled
Voltage
IbD Supply Current()
D010 PIC16LF872 | — 0.6 | 2.0 | mA |XT, RC osc configuration
Fosc = 4 MHz, VbD = 3.0V
D010 PIC16F872 | — 1.6 4 mA |RC osc configurations
Fosc = 4 MHz, VbD = 5.5V
DO10A PIC16LF872 | — 20 35 uA |LP osc configuration
Fosc = 32 kHz, Vbb = 3.0V, WDT disabled
D013 PIC16F872 — 7 15 mA |HS osc configuration,
Fosc = 20 MHz, VDD = 5.5V

Legend: Rows with standard voltage device data only are shaded for improved readability.
T Datais “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance only,

Note 1:
2:

and are not tested.

This is the limit to which VDD can be lowered without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/0 pin
loading and switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD

MCLR = VDD; WDT enabled/disabled as specified.
The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-
sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.
For RC osc configuration, current through REXT is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.
Timer1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from character-
ization and is for design guidance only. This is not tested.
The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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FIGURE 14-12:

SPI SLAVE MODE TIMING (CKE = 0)

(CKP = 1) . : : R /

SDO

SDI

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

FIGURE 14-13:

SPI SLAVE MODE TIMING (CKE = 1)

Note: Refer to Figure 14-3 for load conditions.
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TABLE 14-9: A/D CONVERTER CHARACTERISTICS:
PIC16F872 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16LF872 (COMMERCIAL, INDUSTRIAL)
P?\lr:m Sym Characteristic Min Typt Max Units Conditions

AO01 [NR Resolution — — 10-bits bit |VREF =VDD =5.12V,
Vss < VAIN < VREF

AO3 |EIL Integral Linearity Error — — <=x1 LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF

A04 |EpbL |Differential Linearity Error — — <1 LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF

A06 |EOFF |Offset Error — — <2 LSb |VREF = VDD =5.12V,
Vss < VAN < VREF

A07 |EGN |Gain Error — — <=1 LSb |VREF = VDD =5.12V,
Vss < VAN < VREF

A10 |— Monotonicity — guaranteed(a) — — | VSS < VAIN < VREF

A20 |VREF |Reference Voltage (VREF+ - VREF-) 2.0 — VDD + 0.3 V | Absolute minimum electrical
spec. to ensure 10-bit
accuracy.

A21 |VREF+ |Reference Voltage High AVDD - 2.5V AVDD +0.3V| V

A22 |VREF- |Reference Voltage Low AVss - 0.3V VREF+-2.0V| V

A25 |VAIN |Analog Input Voltage Vss - 0.3V — VREF + 0.3V \Y

A30 |ZAIN |Recommended Impedance of — — 10.0 kQ

Analog Voltage Source
A40 |lAD A/D Conversion Standard — 220 — pA |Average current consumption
Current (VDD) Extended — 90 — LA when A/D is on (Note 1).

A50 |IREF |VREF Input Current (Note 2) 10 — 1000 pA  [During VAIN acquisition,
based on differential of VHOLD
to VAIN to charge CHOLD, see
Section 10.1.

— — 10 pA  |During A/D conversion cycle.

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

Note 1:

2:
3:

When A/D is off, it will not consume any current other than minor leakage current.

The power-down current spec includes any such leakage from the A/D module.

VREF current is from RAS3 pin or VDD pin, whichever is selected as reference input.
The A/D conversion result never decreases with an increase in the input voltage, and has no missing codes.
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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)
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FIGURE 15-2: MAXIMUM Ipp vs. Fosc OVER Vbp (HS MODE)
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28-Lead Skinny Plastic Dual In-line (SP) — 300 mil Body (PDIP)

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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TT LT LT LT ooT ooT LoF OoF LT LT LT LT LT O

=)

?

?

-

%
t
%

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .140 .150 .160 3.56 3.81 4.06
Molded Package Thickness A2 125 .130 .135 3.18 3.30 3.43
Base to Seating Plane A1 .015 0.38
Shoulder to Shoulder Width E .300 .310 .325 7.62 7.87 8.26
Molded Package Width E1 .275 .285 .295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35.18
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .040 .053 .065 1.02 1.33 1.65
Lower Lead Width B .016 .019 .022 0.41 0.48 0.56
Overall Row Spacing § eB .320 .350 430 8.13 8.89 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side.
JEDEC Equivalent: MO-095

Drawing No. C04-070
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Wouldyou likeareply? Y N

Device: PIC16F872 Literature Number: DS30221C
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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