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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'.

© 2007 Microchip Technology Inc.
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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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231 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block). Refer to the
Application Note, “Implementing a Table Read"
(AN556).

2.3.2 STACK

The stack allows a combination of up to eight program
calls and interrupts to occur. The stack contains the
return address from this branch in program execution.

Mid-range devices have an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSH'd onto the stack
when a CALL instruction is executed, or an interrupt
causes a branch. The stack is POP’d in the event of a
RETURN, RETLW Or a RETFIE instruction execution.
PCLATH is not modified when the stack is PUSH'd or
POP'd.

After the stack has been PUSH'd eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on). An example of the overwriting of the stack is
shown in Figure 2-4.

FIGURE 2-4:
Stack

STACK MODIFICATION

—Pusht Push9
Push2 Pushl0 <®—— Top-of-Stack
Push3

Push4
Push5
Push6

Push7
Push8

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an
interrupt address.

24 Program Memory Paging

The cALL and GOTO instructions provide 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper two bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the return
instructions (which POPs the address from the stack).

Note: The PIC16F72 device ignores the paging
bit PCLATH<4:3>. The use of
PCLATH<4:3> as a general purpose read/
write bit is not recommended, since this
may affect upward compatibility with future
products.

2.5 Indirect Addressing, INDF and
FSR Registers

The INDF register is not a physical register. Address-
ing INDF actually addresses the register whose
address is contained in the FSR register (FSR is a
pointer). This is indirect addressing.

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-1.

EXAMPLE 2-1: INDIRECT ADDRESSING
movlw 0x20 ;initialize pointer
movwf FSR ;to RAM

NEXT clrf INDF ;clear INDF register
incf FSR ;inc pointer

btfss FSR,4 ;all done?
goto NEXT ;NO, clear next
CONTINUE
;YES, continue

An effective 9-bit address is obtained by concatenating
the 8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figure 2-5.

© 2007 Microchip Technology Inc.

DS39597C-page 19



PIC16F72

3.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on I/O ports may be found in the
PIC™™  Mid-Range MCU Reference Manual,
(DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-lImpedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register, reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, this value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONL1 register (A/D Control Registerl).

Note:  On a Power-on Reset, these pins are con-
figured as analog inputs and read as ‘0.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BANKSEL PORTA ; select bank for PORTA
CLRF PORTA ; Initialize PORTA by

; clearing output

; data latches
BANKSEL ADCON1 ; Select Bank for ADCON1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to

; initialize data

; direction
MOVWF TRISA ; Set RA<3:0> as inputs

; RA<5:4> as outputs

; TRISA<7:6> are always

; read as ‘0’.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RAO0 AND RA5 PINS
Data
Bus
D Q
VDD
WR VDD
Port ~ -
papdaieuipm N[
Data Latch J '__@
— D Q N 1/0 pin
WR
Vss
TRIS cK L 6 Vss
Analog
TRIS Latch Input
Mode
L
RD TRIS TTL
Input
Buffer
Q D

EN
RD Port {>

To A/QConverter

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data
Bus D 0
WR
Port C}ZLG ’_%
E | N 1/O pin
Data Latch
oD Q Vss
This vss
CR‘—@ —e i
I Schmitt \
TRIS Latch Trigger
ae In[?u% Y7
0—0<]‘ Buffer
RD TRIS
Q D

]
RD Port F {>c - —‘

__ TMRO Clock Input
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

EXAMPLE 3-2: INITIALIZING PORTB
BANKSEL PORTB ; Select bank for PORTB
CLRF PORTB ; Initialize PORTB by

; clearing output
; data latches
BANKSEL TRISB ; Select Bank for TRISB
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISB ; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION<7>). The weak
pull-up is automatically turned off when the port pin is
configured as an output. The pull-ups are disabled on a
Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS
VDD
RBPUW VDD
Pull-up
Data Data Latch
Bus
D Q
WR 1/0 pin
Port CK o'
TRIS Latch Vss
b © TTL
TWRRIS Input 7
CK _\_ Buffer
L
RD TRIS
/‘ Q D
RD Port EN
RBO/INT <]
N RD Port
Schmitt Trigger
Buffer
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION<7>).

Four of PORTB's pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt
on change comparison). The input pins (of RB7:RB4)

are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’d together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<O0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

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.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configurable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-Up on Key
Stroke” (AN552).

RBO/INT is an external interrupt input pin and is
configured using the INTEDG bit (OPTION<6>).

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
RBPU®Y VDD
—{ »E
Data Data Latch ’
Bus D Q
WR i
Port 1/0 pin
CK_
TRIS Latch
Vss
e D Q )
TWRR;S TTL
CK_\— Input 7 \
Buffer ST
< ) Buffer
RD TRIS Latch
Q D —e
RD Port EN Q1
Set RBIF
FHade—
From Other RD Port
RB7:RB4 Pins
EN
Q3
RB7:RB6 in Serial Programming Mode
Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION<7>).

© 2007 Microchip Technology Inc.
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4.3 Using TimerO with an External

Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI, with the internal phase clocks, is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

4.4 Prescaler

There is only one prescaler available, which is mutually

Timer0 module means that there is no prescaler for the
Watchdog Timer, and vice-versa. This prescaler is not
readable or writable (see Figure 4-1).

The PSA and PS2:PSO0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF  1,x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The
prescaler is not readable or writable.

Note:  Writing to TMRO when the prescaler is
assigned to TimerO0, will clear the prescaler

count but will not change the prescaler

exclusively shared between the Timer0 module and the assignment.
Watchdog Timer. A prescaler assignment for the
TABLE 4-1: REGISTERS ASSOCIATED WITH TIMERO

value on Value on
Address Name | Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 Bit1l | BitO POR. BOR all other

' RESETS

01h,101h |TMRO TimerO Module Register XXXX XXXX|uuuu uuuu
0Bh,8Bh, [INTCON | GIE | PEIE |TMROIE| INTE | RBIE [TMROIF| INTF | RBIF | 0000 000x|0000 000u
10Bh,18Bh
81h,181h [OPTION |RBPU|INTEDG| TOCS | TOSE | PSA PSs2 PS1 | PSO |1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by Timer0.

DS39597C-page 28
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5.0 TIMER1 MODULE

The Timerl module timer/counter has the following
features:

 16-bit timer/counter
(Two 8-bit registers; TMR1H and TMR1L)
< Readable and writable (both registers)
« Internal or external clock select
« Interrupt on overflow from FFFFh to 0000h
* RESET from CCP module trigger
Timerl has a control register, shown in Register 5-1.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Figure 5-2 is a simplified block diagram of the Timerl
module.

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

5.1 Timerl Operation

Timerl can operate in one of these modes:

e As atimer
« As a synchronous counter
« As an asynchronous counter

The Operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored.

Timerl also has an internal “RESET input”. This
RESET can be generated by the CCP module
(Section 8.0).

REGISTER 5-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
‘ — ‘ — T1CKPS1 ‘ T1CKPSO ‘TlOSCEN ‘ T1SYNC ‘ TMRI1CS ‘ TMR1ON
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 =1:8 Prescale value
10 =1:4 Prescale value
01 =1:2 Prescale value
00 =1:1 Prescale value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (The oscillator inverter is turned off to eliminate power drain.)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

TMR1CS =1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRI1CS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS =0’
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

© 2007 Microchip Technology Inc.
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55 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (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, that will wake-up the
processor. However, special precautions in software
are needed to read/write the timer (Section 5.5.1).

In Asynchronous Counter mode, Timerl cannot be
used as a time base for capture or compare operations.

551 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure 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
unpredictable value in the timer register. Data in the
Timerl register (TMR1) may become corrupted. Cor-
ruption occurs when the timer enable is turned off at the
same instant that a ripple carry occurs in the timer
module.

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

5.6 Timerl Oscillator

A crystal oscillator circuit is built between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (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 a 32 kHz crystal. Table 5-1 shows the capacitor
selection for the Timerl oscillator.

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

TABLE 5-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1l 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.

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
appropriate values of external
components.

5.7 Timerl Interrupt

The TMRL1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR1 interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit TMR1IF (PIR1<0>).
This interrupt can be enabled/disabled by setting/
clearing TMR1 interrupt enable bit TMR1IE (PIE1<0>).

5.8 Resetting Timerl Using a CCP
Trigger Output

If the CCP module is configured in Compare mode to
generate a  “special event trigger" signal
(CCP1M3:CCP1IMO = 1011), the signal will reset
Timerl and start an A/D conversion (if the A/D module
is enabled).

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

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

In the event that a write to Timerl coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPR1H:CCPRLL regis-
ters pair effectively becomes the period register for
Timerl.

© 2007 Microchip Technology Inc.
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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.
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8.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as:

e Every falling edge

e Every rising edge

e Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before
the value in register CCPR1 is read, the old captured
value is overwritten by the new captured value.

8.1.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be
configured as an input by setting the TRISC<2> hit.

Note: If the RC2/CCPL1 is configured as an out-
put, a write to the port can cause a capture

condition.
FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
Set Flag bit CCP1IF
Prescaler (PIR1<2>)
X}— +1,4, 16
RC2/CCP1 | ccPriH | ccPRriL |
pin
and | Capture
edge detect Enable
J( } | TMRIH | TMRIL |
CCP1CON<3:0>
Q’'s

8.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF, following any such
change in Operating mode.

8.1.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
RESET will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS

Turn CCP module off
Load the W reg with
the new prescaler
mode value and CCP ON
Load CCP1CON with
this wvalue

CLRF  CCP1CON
MOVLW NEW_CAPT PS

MOVWF CCP1CON

7
7
7
7
7
7
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8.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCPL1 pin is:

 Driven High
 Driven Low
« Remains Unchanged

The action on the pin is based on the value of control
bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

The output may become inverted when the mode of the
module is changed from Compare/Clear on Match
(CCPxM<3:0> = ‘1001’) to Compare/Set on Match
(CCPxM<3:0>="'1000"). This may occur as a result of
any operation that selectively clears bit CCPxMO0, such
as a BCF instruction.

When this condition occurs, the output becomes
inverted when the instruction is executed. It will remain
inverted for all following Compare operations, until the
module is reset.
FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

« RESET Timerl, but not set interrupt flag bit TMR1IF
(PIR1<0>)

* Set bit GO/DONE (ADCONO0<2>) bit, which starts an A/D
conversion

Special Event Trigger

Set Flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPRIL
\/
IS
RC2/CCP1 R todic [ Match TS
pin
TRISC<2> TMR1H | TMRIL
Output Enable  cCcP1CON<3:0>
Mode Select

8.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an
output by clearing the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the data latch.

8.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode, if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen, the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

8.2.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
that may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special trigger output of CCP1 resets the TMR1
register pair, and starts an A/D conversion (if the A/D
module is enabled).

Note: The special event trigger from the CCP1
module will not set interrupt flag bit
TMR1IF (PIR1<0>).
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In 10-bit Address mode, two address bytes need to be
received by the slave device. The five Most Significant
bits (MShbs) 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 10-bit address is as
follows, with steps 7- 9 for slave-transmitter:

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

2. Update the SSPADD register with 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, if match releases SCL line, this
will clear bit UA.

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.

9.3.1.2 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
a no Acknowledge (ACK) pulse is given. An overflow
condition is indicated if either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set.

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 byte.

9.3.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register, which also loads the SSPSR regis-
ter. Then pin RC3/SCK/SCL should be enabled by set-
ting bit CKP (SSPCON<4>). The master device must
monitor the SCL pin prior to asserting another clock
pulse. The slave devices may be holding off the master
device by stretching the clock. The eight data bits are
shifted out on the falling edge of the SCL input. This
ensures that the SDA signal is valid during the SCL
high time (Figure 9-7).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then
the data transfer is complete. When the ACK is latched
by the slave device, the slave logic is reset (resets
SSPSTAT register) and the slave device then monitors
for another occurrence of the START bit. If the SDA line
was low (ACK), the transmit data must be loaded into
the SSPBUF register, which also loads the SSPSR reg-
ister. Then, pin RC3/SCK/SCL should be enabled by
setting bit CKP.

TABLE 9-2: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data

Transfer is Received _ Set bit SSPIF
BF sspoy | SSPSR — SSPBUF | Generate ACK Pulse | (SSP Interrupt occurs if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

Note 1. Shaded cells show the conditions where the user software did not properly clear the overflow condition.
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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).

DS39597C-page 74 © 2007 Microchip Technology Inc.



PIC16F72

13.8 MPLAB ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC MCUs and can be used to
develop for this and other PIC microcontrollers. The
MPLAB ICD utilizes the in-circuit debugging capability
built into the FLASH devices. This feature, along with
Microchip's In-Circuit Serial Programming™ protocol,
offers cost-effective in-circuit FLASH debugging from
the graphical user interface of the MPLAB Integrated
Development Environment. This enables a designer to
develop and debug source code by watching variables,
single-stepping and setting break points. Running at
full speed enables testing hardware in real-time.

13.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VbD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In stand-alone mode, the PRO MATE Il
device programmer can read, verify, or program PIC
devices. It can also set code protection in this mode.

13.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PIC devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

13.11 PICDEM 1 Low Cost PIC
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

13.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the I°C™ bus
and separate headers for connection to an LCD
module and a keypad.
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FIGURE 14-1: PIC16F72 (INDUSTRIAL, EXTENDED) VOLTAGE-FREQUENCY GRAPH
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FIGURE 14-2: PIC16LF72 (INDUSTRIAL) VOLTAGE-FREQUENCY GRAPH
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FMAX = (12 MHz/V) (VDDAPPMIN - 2.5V) + 4 MHz
Note 1: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
2: FMAX has a maximum frequency of 10 MHz.
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14.2

DC Characteristics: PIC16F72 (Industrial, Extended)
PIC16LF72 (Industrial) (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta £ +85°C for industrial
-40°C < Ta £ +125°C for extended
Operating voltage VDD range as described in DC Specification,

Operating temperature

Section 14.1.
P;a\lrce)lm Sym Characteristic Min Typt| Max |Units Conditions
VoL Output Low Voltage
D080 I/O ports — — 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C
D083 OSC2/CLKO (RC osc config) — — 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
VOH Output High Voltage
D090 I/0 ports (Note 3) VDD - 0.7 — — V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
D092 OSC2/CLKO (RC osc config) VDD - 0.7 — — V |loH=-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D150* |Vob Open Drain High Voltage — — 12 V |RA4 pin
Capacitive Loading Specs on Output Pins
D100 |Cosc2 |OSC2 pin — — 15 pF |In XT, HS and LP modes
when external clock is used
to drive OSC1
D101 |Cio All'l/O pins and OSC2 — — 50 pF
(in RC mode)
D10z |Cs SCL, SDA in I°C mode — — 400 pF
Program FLASH Memory
D130 |EpP Endurance 100 1000 — E/W |25°C at 5V
D131 |VPR VoD for read 2.0 — 55 \%

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

Note 1:

PIC16F72 be driven with external clock in RC mode.
2: Theleakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.

3: Negative current is defined as current sourced by the pin.

In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
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FIGURE 14-10: SPI MASTER MODE TIMING (CKE =0, SMP = 0)
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Note: Refer to Figure 14-3 for load conditions.

FIGURE 14-11: SPI MASTER MODE TIMING (CKE =1, SMP = 1)
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Note: Refer to Figure 14-3 for load conditions.
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D EXPOSED
\ PAD
—
| }
N +/7 T | Jb

A E2 -
0 -

S5 § '
/////v VR 1 K
70K ¢
\ N

NOTE 1 | |
TOP VIEW BOTTOM VIEW

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff Al 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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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
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