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PIC16F72

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address| Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gg”eB?R De;z‘g'sef’”
Bank 2
100h® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
101h TMRO TimerO Module’s Register XXXKX XXXX 27
102h¢  |PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
103h® |STATUS rp | RP1L | RPO TO PD z DC c 0001 1xxx| 12
104h® |FSR Indirect Data Memory Address Pointer XKXKKX KXKXK 19
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXKX XXXX 23
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah(%2) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 18
10Bh®) |INTCON GIE PEIE TMROIE INTE RBIE | TMROIF | INTF RBIF 0000 000x 14
10Ch PMDATL |Data Register Low Byte XXXKX XXXX 35
10Dh PMADRL |Address Register Low Byte XXXX XXXX 35
10Eh PMDATH — — Data Register High Byte - -XX XXXX 35
10Fh PMADRH — — — |Address Register High Byte ---X XXXX 35
Bank 3
180h® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
18th  |opTIoN | RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | pst | pPso  [1111 1111 13
182h® |PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
183nM |STATUS me | Rt | R0 | To | B | z | bc | c 0001 1xxx| 12
184h® |FSR Indirect Data Memory Address Pointer XXKKX KXKXXK 19
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 23
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18Ah(1.2) [PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ~--0 0000 18
188h(Y |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 14
18Ch PMCON1 —® — — — — — — RD 1--- --- 0 35
18Dh — Unimplemented — —
18Eh — Reserved, maintain clear 0000 0000 —
18Fh — Reserved, maintain clear 0000 0000 —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1: These registers can be addressed from any bank.
2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
3: This bit always reads as a ‘1'.
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PIC16F72

2.2.2.3 INTCON Register

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

Note: Interrupt flag bits get 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: INTERRUPT CONTROL REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RW-0  RW-0  RMW-0 RW-O0 RW-O0 RMWO RWx
GIE 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
A mismatch condition will continue to set flag bit RBIF. Reading PORTB will end the mismatch
condition and allow flag bit RBIF to be cleared.
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

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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2.2.25 PIR1 Register

This register contains the individual flag bits for the
Peripheral interrupts.

REGISTER 2-5: PIR1: PERIPHERAL INTERRUPT FLAG REGISTER 1 (ADDRESS 0Ch)

u-0 R/W-0 u-0 u-0 RW-0 RMW-0 RMW-0 R/MW-0
— ADIF — _ SSPIF | CCP1IF | TMR2IF | TMRLIF
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIF: A/D Converter Interrupt Flag bit

1 = An A/D conversion completed
0 = The A/D conversion is not complete

bit 5-4 Unimplemented: Read as ‘0’
bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit

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 a transmission/reception has taken place.

0 = No SSP interrupt condition has occurred

bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 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
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

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

Legend:
R = Readable hit 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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2.3 PCL and PCLATH

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13-bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writable. All updates
to the PCH register go through the PCLATH register.

Figure 2-3 shows the four situations for the loading of
the PC.

« Example 1 shows how the PC is loaded on a write
to PCL (PCLATH<4:0> — PCH).

« Example 2 shows how the PC is loaded during a
GOTO instruction (PCLATH<4:3> — PCH).

« Example 3 shows how the PC is loaded during a
CALL instruction (PCLATH<4:3> — PCH), with
the PC loaded (PUSH'd) onto the Top-of-Stack.

« Example 4 shows how the PC is loaded during
one of the return instructions, where the PC is
loaded (POP’d) from the Top-of-Stack.

FIGURE 2-3: LOADING OF PC IN DIFFERENT SITUATIONS

PCH PCL

Example 1 - Instruction with PCL as destination

SE PCLATH<4:0> T 8

PCLATH

Example 2 - GoTo Instruction
PCH PCL

12 1110 8 7
PC | |

2 E PCLATH<4:3>
LTI T TTT]

PCLATH

Example 3 - CALL Instruction

11
Opcode <10:0>

Stack (13-bits x 8)
Top-of-Stack

ALU result

Stack (13-bits x 8)
Top-of-Stack

Stack (13-bits x 8)

PCH H PCL

12 1110 8 7
PC | |

PCLATH<4:3>

PCLATH

, | peu Ta
Opcode <10:0>

Example 4 - RETURN, RETFIE, or RETLW Instruction

> Top-of-Stack

Stack (13-bits x 8)

Top-of-Stack

PCH @ PCL

122 1110 87
PC | |

PCLATH

11
Opcode <10:0>

Note: PCLATH is not updated with the contents of PCH.
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6.0 TIMER2 MODULE

The Timer2 module timer has the following features:

« 8-bit timer (TMR2 register)

« 8-bit period register (PR2)

* Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4, 1:16)

« Software programmable postscaler (1:1 to 1:16)

« Interrupt on TMR2 match of PR2

* SSP module optional use of TMR2 output to
generate clock shift

Timer2 has a control register, shown in Register 6-1.
Timer2 can be shut-off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Figure 6-1 is a simplified block diagram of the Timer2
module.

Additional information on timer modules is available in
the PIC™ Mid-Range MCU Reference Manual,
(DS33023).

6.1 Timer2 Operation

Timer2 can be used as the PWM time-base for PWM
mode of the CCP module.

The TMR2 register 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:T2CKPSO0 (T2CON<1:0>).

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>)).

6.2 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:
« A write to the TMR2 register
« A write to the T2CON register
« Any device RESET (Power-on Reset, MCLR ,
WDT Reset, or Brown-out Reset)

TMRZ2 is not cleared when T2CON is written.

6.3 Timer2 Interrupt

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.

6.4 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
Synchronous Serial Port module, which optionally uses
it to generate a shift clock.

FIGURE 6-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Oz, 1)

RESET Prescaler

11, 1.4, 1:16] OSP4

\/

Postscaler
11 to 1:16| EQ

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

© 2007 Microchip Technology Inc.
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TABLE 8-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
. . . . . . . . Value on Value on
Address Name Bit 7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR all other
’ RESETS
0Bh,8Bh INTCON GIE | PEIE | TMROIE INTE RBIE TMROIF INTF RBIF [0000 000x|0000 000u
10Bh,18Bh
0Ch PIR1 — ADIF — — SSPIF | CCP1IF | TMR2IF | TMR1IF |-0-- 0000|0000 0000
8Ch PIE1 — ADIE — — SSPIE | CCP1IE | TMR2IE | TMRI1IE |-0-- 0000|0000 0000
87h TRISC PORTC Data Direction Register 1111 11111111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX[uuuu uuuu
10h T1CON — | — [r1cKkPs1[TicKkPso |T10SCEN|TISYNC |TMR1CS [TMRION|--00 0000]--uu uuuu
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|[uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX[uuuu uuuu
17h ccricoN| — | — | cepax | cepiy | ccpims [cepimz|ccpimi|ccPimol--00 0000[--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timer1.
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8.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC I/O data

latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step by step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers '/ CCP1CON<5:4>
‘ CCPRIL ‘
‘ CCPRIH (Slave) ‘
‘ Comparator i R Q
RC2/CCP1
‘ TMR2 ‘ (Note 1)‘
— S
Comparator TRISC<2>
Clear Timer,
* CCP1 pin and
PR2 latch D.C.
Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 8-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT

Period

| | n

I REEE—

Duty Cycle

. TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the
formula in Equation 8-1.

EQUATION 8-1: PWM PERIOD
PWM period = [(PR2) + 1] « 4+ TOSC *
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPRI1H

Note: The Timer2 postscaler (see Section 6.0) is
not used in the determination of the PWM
frequency. The postscaler could be used to
have a servo update rate at a different
frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available: the CCPRI1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. Equation 8-2 is used to
calculate the PWM duty cycle in time.

EQUATION 8-2: PWM DUTY CYCLE

PWM duty cycle= (CCPR1L:CCP1CON<5:4>) »
Tosc  (TMR2 prescale value)

CCPR1L and CCP1CONK<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP1 pin is cleared.

© 2007 Microchip Technology Inc.
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REGISTER 9-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: SYNCHRONOUS SERIAL PORT STATUSREGISTER (ADDRESS 94h)

RW-0  R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
sMP | ckE | DA P | s | rRW | uva | BF |
bit 7 bit 0

SMP: SPI Data Input Sample Phase bits

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time (Microwire®)

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode

I2C mode:

This bit must be maintained clear

CKE: SPI Clock Edge Select bits (Figure 9-2, Figure 9-3, and Figure 9-4)

SPI mode, CKP = 0:

1 = Data transmitted on rising edge of SCK (Microwire alternate)

0 = Data transmitted on falling edge of SCK

SPI mode, CKP =1:

1 = Data transmitted on falling edge of SCK (Microwire default)

0 = Data transmitted on rising edge of SCK

I2C mode:

This bit must be maintained clear

D/A: Data/Address bit (I2C mode only)

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address

P: STOP bit (I2C mode only) — This bit is cleared when the SSP module is disabled, or when
the START bit is detected last. SSPEN is cleared.

1 = Indicates that a STOP bit has been detected last (this bit is ‘0’ on RESET)
0 = STOP bit was not detected last

S: START bit (IZC mode only) — This bit is cleared when the SSP module is disabled, or when
the STOP bit is detected last. SSPEN is cleared.

1 = Indicates that a START bit has been detected last (this bit is ‘0’ on RESET)
0 = START bit was not detected last

R/W: Read/Write Information bit (12C mode only) — This bit holds the R/W bit information follow-
ing the last address match. This bit is only valid from the address match to the next START bit,
STOP bit, or ACK bit.

1 = Read

0 = Write

UA: Update Address bit (10-bit 2°C mode only)

1 = Indicates that the user needs to update the address in the SSPADD register

0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and I°C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit (I°C mode only):

1 = Transmit in progress, SSPBUF is full

0 = Transmit complete, SSPBUF is empty

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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FIGURE 10-1: A/D BLOCK DIAGRAM
CHS2:CHSO
! 100
' l_o RA5/AN4
VAIN ' '
(Input Voltage) : 011 . b—% RA3/AN3/VREE
: 010 .
A/ID ' —% RA2/AN2
Converter ' '
! 001 .
' —% RA1/AN1
: 000 .
VDD . \07—% RAO/ANO
PTTTTY |oooor T
VREF . 010 or
o . 100
(Reference : O
Voltage) c.. ... ootror
H [ 011l or
101
PCFG2:PCFGO
FIGURE 10-2: ANALOG INPUT MODEL
VDD .
Sampling
U VI=06V , Switeh
. Rs ' ANX Ric<1k ' SS Rss
e WY
! e N CHOLD
' ! PIN L. —L = DAC capacitance
1_ ! 5pF vr=06 V()6 R T =512pF
= ¢ ¢ Vss
Legend: CpIN = input capacitance
VT = threshold voltage g¥
I leakage = leakage current at the pin due to VDD 4V
various junctions 3v
Ric = interconnect resistance 2V
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC)
567891011
Sampling Switch
(k@)
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11.13 Watchdog Timer (WDT)

The Watchdog Timer is a free running, on-chip RC
oscillator that does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKI pin. That means that the WDT
will run, even if the clock on the OSC1/CLKI and OSC2/
CLKO pins of the device has been stopped, for
example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watchdog
Timer Wake-up). The TO bit in the STATUS register will
be cleared upon a Watchdog Timer time-out.

The WDT can be permanently disabled by clearing
configuration bit WDTEN (see Section 11.1).

WDT time-out period values may be found in the Elec-
trical Specifications section under parameter #31. Val-
ues for the WDT prescaler (actually a postscaler, but
shared with the TimerQO prescaler) may be assigned
using the OPTION register.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and the postscaler, if
assigned to the WDT, and prevent it from
timing out and generating a device
RESET condition.

2: When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but
the prescaler assignment is not changed.

FIGURE 11-11: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 4-1)
[ o
1| ™ | — Postscaler
; U
WDT Timer X /{V/ 5
% * 8-to-1MUX |-®— PS2:PSO
WDT PSA
Enable Bit
&——» To TMRO (Figure 4-1)
0 * | A

Note: PSA and PS2:PS0 are bits in the OPTION register.

MUX -4— PSA

v

WDT
Time-out

TABLE 11-7: SUMMARY OF WATCHDOG TIMER REGISTERS

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) |[BOREN®D| — cp |PWRTEN® | WDTEN | FOSC1 | FOSCO
81h,181h |OPTION RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1. See Register 11-1 for operation of these bits.
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TABLE 12-2: PIC16F72 INSTRUCTION SET

Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb Lsb | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d |Add W and f 1 00 0111 dfff ffff |[C,DC,Z 1,2
ANDWF f,d |AND W with f 1 00 0101 dfff ffff |Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff |Z 2
CLRW - Clear W 1 00 0001 Oxxx =xxXxX |Z
COMF f,d [Complement f 1 00 1001 Adfff ffff |Z 1,2
DECF f,d [Decrementf 1 00 0011 dfff ffff |Z 1,2
DECFSz f,d [Decrementf, Skip if O 1(2) 00 1011 Ad4fff ffff 1,2,3
INCF f,d [Increment f 1 00 1010 Adfff ffff |Z 1,2
INCFSzZ f,d |Increment f, Skip if O 1(2) 00 1111 dfff ffff 12,3
IORWF f,d [Inclusive OR W with f 1 00 0100 dfff ffff |Z 1,2
MOVF f,d Move f 1 00 1000 dfff ffff |Z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d [Rotate Left f through Carry 1 00 1101 Ad4fff ffff |C 1,2
RRF f,d |Rotate Right f through Carry 1 00 1100 dfff ffff |C 1,2
SUBWF f,d [Subtract W from f 1 00 0010 d4fff ffff |C,DC,Z 1,2
SWAPF f,d |[Swap nibbles in f 1 00 1110 Adfff ffff 1,2
XORWF f,d [Exclusive OR W with f 1 00 0110 dfff ffff |Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01 01lbb bfff ffff 1,2
BTFSC f, b |Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b |Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk | Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk |
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 | TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk | Z
MOVLW k Move literal to W 1 11  00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000 |
SLEEP - Go into Standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk | C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk | Z

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF PORTB, 1), the value used will be that value present on
the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a ‘0.
2: |If this instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if assigned
to the Timer0 module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.

Note: Additional information on the mid-range instruction set is available in the PIC™ Mid-Range MCU Family Reference
Manual (DS33023).
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12.1 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label ] ADDLW  k

Operands: 0<k<255

Operation: (W) +k - (W)

Status Affected: C, DC, Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

Operands: 0<f<127
de [0,1]

Operation: (W) + (f) — (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register ‘f'. If ‘d’ =‘0’, the
result is stored in the W register. If
‘d’ = ‘1", the result is stored back
in register ‘f'.

ANDLW AND Literal with W

Syntax: [label ] ANDLW  k

Operands: 0<k<255

Operation: (W) .AND. (k) — (W)

Status Affected: Z

Description: The contents of W register are

AND’ed with the eight-bit literal
‘k’. The result is placed in the W
register.

ANDWF AND W with f
Syntax: [label ] ANDWF f,d
Operands: 0<f<127
de [0,1]
Operation: (W) .AND. (f) — (destination)
Status Affected: Z
Description: AND the W register with register
‘. If'd’ =0’ the result is stored in
the W register. If ‘d’ = ‘1, the
result is stored back in register ‘f'.
BCF Bit Clear f
Syntax: [label ] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is cleared.
BSF Bit Set f
Syntax: [label ] BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is set.

© 2007 Microchip Technology Inc.
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NOTES:
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TABLE 14-7:  12C BUS START/STOP BITS REQUIREMENTS
Pilrgm 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 | — | —
*  These parameters are characterized but not tested.
FIGURE 14-15: I2C BUS DATA TIMING
1031 - e 100y . — - 102

SDA
Out

Note: Refer to Figure 14-3 for load conditions.
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FIGURE 14-16: A/D CONVERSION TIMING
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If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the

SLEEP instruction to be executed.

TABLE 14-10: A/D CONVERSION REQUIREMENTS

Pzr:m Sym Characteristic Min | Typt |Max|Units Conditions
130 |Tap |A/D Clock Period PIC16F72 1.6 — — | us |Tosc based, VREF > 3.0V
PIC16LF72 2.0 — — | us |Tosc based,
2.0V £ VREF £ 5.5V
PIC16F72 20| 40 |6.0| us |A/DRC mode
PIC16LF72 30| 6.0 [9.0| us |A/DRC mode
131 |Tcnv [Conversion Time (not including S/H time) 9 — 9 | TaD
(Note 1)

132 |TAcQ |Acquisition Time 5% — — | us |The minimum time is the
amplifier settling time. This
may be used if the “new”
input voltage has not
changed by more than 1 LSb
(i.e.,20.0 mV @ 5.12V) from
the last sampled voltage (as
stated on CHOLD).

134 |Tco |Q4 to A/D Clock Start — |Tosc/2| — | — |If the A/D clock source is
selected as RC, atime of Tcy
is added before the A/D
clock starts. This allows the
SLEEP instruction to be
executed.

*  These parameters are characterized but not tested.
t Datain “Typ” columnis at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: ADRES register may be read on the following Tcy cycle.
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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 - 30)

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

FIGURE 15-1:

TYPICAL Ibb vs. Fosc OVER Vbb (HS MODE)

6

Typical: statistical mean @ 25°C

5 Maximum: mean + 3¢ (-40°C to +125°C) 5.5V
Minimum: mean — 30 (-40°C to +125°C)
5.0V /
4 o /
/4.5\/ /
<
E 3 4.0V /
B /
2 //
1 /
44— 2.5V
—ov
0
4 6 8 10 12 14 16 18 20
Fosc (MHz)
FIGURE 15-2: MAXIMUM Ipbb vs. Fosc OVER VbbD (HS MODE)
8
7
Typical: statistical mean @ 25°C
6 Maximum: mean + 3¢ (-40°C to +125°C) //
Minimum: mean — 36 (-40°C to +125°C) 55V
. 5 oV //
H / Y oy /
< /
E 4 // 4.0V
8 ]

? e
/é/
=
$—Co
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FIGURE 15-3: TYPICAL IpD vs. Fosc OVER VDD (XT MODE)
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FIGURE 15-4: MAXIMUM Ipbb vs. Fosc OVER VbbD (XT MODE)
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APPENDIX A: REVISION HISTORY

Revision A (April 2002)

This is a new data sheet. However, this device is sim-
ilar to the PIC16C72 device found in the PIC16C7X
Data Sheet (DS30390), the PIC16C72A Data Sheet
(DS35008) or the PIC16F872 device (DS30221).

Revision B (May 2002)

Final data sheet. Includes device characterization

data. Minor typographic revisions throughout.

APPENDIX B:

Revision C (January 2007)
This revision includes updates to the packaging

diagrams.

CONVERSION CONSIDERATIONS

Considerations for converting from previous versions of devices to the ones listed in this data sheet are listed in Table B-1.

TABLE B-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C72/72A PIC16F872 PIC16F72
Pins 28 28 28
Timers 3 3 3
Interrupts 8 10 8
Communication Basic SSP/SSP MSSP SSP

(SPI, I2C Slave)

(SPI, I2C Master/Slave)

(SPI, I12C Slave)

Frequency 20 MHz 20 MHz 20 MHz
A/ID 8-bit, 5 Channels 10-bit, 5 Channels 8-bit, 5 Channels
CCP 1 1 1
Program Memory 2K EPROM 2K FLASH 2K FLASH

(1,000 E/W cycles) (1000 E/W cycles)
RAM 128 bytes 128 bytes 128 bytes
EEPROM Data None 64 bytes None

Other

In-Circuit Debugger,
Low Voltage Programming

© 2007 Microchip Technology Inc.
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F
FLASH Program Memory
Associated REQISIErS .......cocuveiiiiiiiiiee e 28
Operation During Code Protect............ccceeveveeiieeeennnes 28
Reading
FSR Register 9, 10
|
/O POIS ..t 21
PORTA ..o 21
PORTB ..ottt 23
PORTC ..ottt 25
1’c
Associated RegIStErS ........ceveviiiiiieeeiee e 51
Master Mode..................
Mode Selection
Multi-Master MOde .........ccceeiiiiiiiiieeeeeee e 51
SCL and SDA PINS .....ceiiiiiiieiiiie et 48
SIAVE MOE ... 48
ICEPIC In-Circuit EmMUIator ...........ccceeviiieiniiicieeeceee e 82
ID LOCALIONS ...ceiiiie ettt ettt 72
In-Circuit Serial Programming (ICSP) .......cccccccvevevviiiiieennn. 72
INDF REQISEN ....veiiiiiieeiieee e 10
Indirect AAAreSSiNg ......cocveeeiruieeiiie e 20
FSR REQISIEN ot 19
INDF REQISIEN ....ceiiiiiiiiiieie et 19
Instruction FOrmMat ..........cccoeiiiiiiiiii e 73
INSEIUCHION Set.....oiiiiiiiieic e 73

ADDLW ...
ADDWEF ...
ANDLW ... .
ANDWE ..o

RETFIE ...
RETLW....
RETURN.

SWAPF

INT Interrupt (RBO/INT). See Interrupt Sources
INTCON Register

INTE bit...
INTF bit...

RBIF bit......... .

TMROIE it 14
Internal Sampling Switch (Rss) Impedance....................... 56
INLEITUPL SOUMCES .ooveiiiiiiieee e 59, 68

RBO/INT Pin, External........cccocvoiiiiiiiiiieiieceeiecs 69

TMRO OVErflOW.....cvviiiiiiieiiie e 69
Interrupts

RB7:RB4 Port Change..........ccceoiuieiiieeeiiie e

Synchronous Serial Port Interrupt. .
Interrupts, Context Saving DUMNG.........coocveviveeeriiiiiiieneennns
Interrupts, Enable Bits

Global Interrupt Enable (GIE bit) .........coveeevvinnnnns 14, 68

Interrupt-on-Change (RB7:RB4)

Enable (RBIE Dit) ......cccoiiiiiiiiiiiiiie e 69
RBO/INT Enable (INTE bit) .............. .14
TMRO Overflow Enable (TMROIE bit) .........cccoeerineeen. 14

Interrupts, Flag bits
Interrupt-on-Change (RB7:RB4) Flag
(RBIF DIt) c.oeeeiiicc e 14
Interrupt-on-Change (RB7:RB4) Flag
(RBIF DIt) c.oeeeeiieee e
RBO/INT Flag (INTF bit)................
TMRO Overflow Flag (TMROIF bit)

K

KeeLoQ Evaluation and Programming Tools...................... 84

L
Loading Of PC......ooiiiiiieiie e 18

M

Master Clear (MCLR)
MCLR Reset, Normal Operation..................... 62, 65, 66
MCLR Reset, SLEEP.........cccciiiiiiiiiiiieee 62, 65, 66
Operation and ESD Protection ..........ccccceeeviveeeiiieenns 63
Memory
Data MEMOIY ...ttt
Program Memory ........ccccccevvmiiininininenens
MPLAB C17 and MPLAB C18 C Compilers .
MPLAB ICD In-Circuit DebUgger ..........ccceeiieeiiieeeiiieeenns
MPLAB ICE High Performance Universal
In-Circuit Emulator with MPLAB IDE ..........coccveiiiniene 82
MPLAB Integrated Development
Environment SOftware ..........ccccoevveiiieeesieee e 81
MPLINK Obiject Linker/MPLIB Object Librarian................... 82

0]

ON-LiNE SUPPOIT ..eeiiiiiiieeiiie et
OPCODE Field Descriptions
OPTION_REG Register

INTEDG Dt ..o 13
PS2:PSO DItS......ooiiiiiiiiiii i 13
PSA DIt 13
RBPU bit.... .13
TOCS bit..... .13
TOSE Dt ..o 13
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Timing Diagrams
A/D CONVEISION .....eviiiiiiiieeiiee e aiee e 105
Brown-out RESEt .......ccoviiiiiiiiicee e 96
Capture/Compare/PWM (CCP1)....
CLKO and I/O ....

External ClOCK..........ccoeviiiiiiiieee e 94
I2C BUS DAA.....vvoveoeveerecieeciseees e 102
12C Bus START/STOP BitS..........ovuvereerresreeeeeeeereens 101
1’c Reception (7-bit ADAress) .......cccoecveveeeeeviiiviennenn. 50
I2C Transmission (7-bit ADAress) ......ccceevveeeeiiieeenenenn. 50
RESET, Watchdog Timer, Oscillator Start-up Timer

and Power-up TiMer.........cooivuuiiererenniieieeee e s 96
Slow Rise Time (MCLR Tied to VDD Through

RC NEIWOIK)....ceiiiiieiiiiiie et
SPI Master Mode
SPI Master Mode (CKE =0, SMP = 0) .....ccceeeiiiieenines 99
SPI Master Mode (CKE =1, SMP = 1) .....coceeviiiennnes 99
SPI Slave Mode (CKE = 0) ..ooveeeviiiiiiiieee e 47,100
SPI Slave Mode (CKE = 1) .oooviieiicecieciineeene 47, 100

Time-out Sequence on Power-up (MCLR Tied to
VDD Through Pull-up Resistor)

Time-out Sequence on Power-up (MCLR Tied to

VDD Through RC Network): Case 1 ........cccccevuenne 67
Time-out Sequence on Power-up (MCLR Tied to

VDD Through RC Network): Case 2 ........ccccceeveeene 67
Timer0 and Timerl External ClOCK.........c.ccceeeiiueennnnes 97

Wake-up from SLEEP through Interrupt ..
Timing Parameter Symbology.
TMRLIH REQISLEN ...ttt 9
TMR1L Register...

TMR2 Register.. .9
TMR20ON Dit ..o 36
TOUTPSO0 DIt 36
TOUTPSL DIt 36
TOUTPS2 DIt 36
TOUTPSS Dttt 36

TRISA Register.
TRISB Register. .
TRISC REGISTEN ..ottt 10, 25

U
U A e e 44
Update Address bit, UA ..o 44
W
Wake-up from SLEEP... .59, 71
Interrupts ........... 65, 66
MCLR RESEL.....eiiiiiie i 66
WDT RESEL...oeiiiiiiieiiiit et 66
Watchdog Timer (WDT) ..ccoovviiiiiieieeeeiiiieee e 59, 70
Associated RegISterS........cccvveeveereiiiieiieee e 70
Enable (WDTEN Dit) ......oooiiiiiiiiiiieeeee e 70
Postscaler. See Postscaler, WDT
Programming Considerations ..........ccecovevveeveeesiicinnnnns 70
RC Oscillator ..........ccceeeeeeee.
Time-out Period
WDT Reset, Normal Operation....................... 62, 65, 66
WDT Reset, SLEEP .......ccocoiiiiiiiiiiieee, 62, 65, 66
WECOL et 45
Write Collision Detect bit, WCOL.........ccccveeviiieeieecriieens 45
WWW, ON-LiN€ SUPPOIt .....uiieiiiiieeiiee e 3
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