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PIC16F72

2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F72 device.
These are the program memory and the data memory.
Each block has separate buses so that concurrent
access can occur. Program memory and data memory
are explained in this section. Program memory can be
read internally by the user code (see Section 7.0).

The data memory can further be broken down into the
general purpose RAM and the Special Function
Registers (SFRs). The operation of the SFRs that
control the “core” are described here. The SFRs used
to control the peripheral modules are described in the
section discussing each individual peripheral module.

Additional information on device memory may be found
in the PIC™ Mid-Range Reference Manual,
(DS33023).

2.1 Program Memory Organization

PIC16F72 devices have a 13-bit program counter capa-
ble of addressing a 8K x 14 program memory space.
The address range for this program memory is 0000h -
07FFh. Accessing a location above the physically
implemented address will cause a wraparound.

The RESET Vector is at 0000h and the Interrupt Vector
is at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK
PC<12:0>
CALL, RETURN | 13

RETFIE, RETLW

Stack Level 1

L]
L]
L]

Stack Level 8

RESET Vector 0000h
: <::
L]
Interrupt Vector 0004h
0005h

User Memory
Space

On-chip Program
Memory

07FFh
0800h

1FFFh

2.2 Data Memory Organization

The Data Memory is partitioned into multiple banks that
contain the General Purpose Registers and the Special
Function Registers. Bits RP1 (STATUS<6>) and RPO
(STATUS<5>) are the bank select bits.

RP1:RPO Bank
00 0
01 1
10 2
11 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM.

All implemented banks contain SFRs. Some “high use”
SFRs from one bank may be mirrored in another bank,
for code reduction and quicker access (e.g., the
STATUS register is in Banks 0 - 3).

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly, through the File Select Register FSR (see
Section 2.5).
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PIC16F72

2.2.2.2 OPTION Register

The OPTION register is a readable and writable regis-
ter that contains various control bits to configure the
TMRO prescaler/WDT postscaler (single assignable

Note: To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

register known also as the prescaler), the External INT
Interrupt, TMRO, and the weak pull-ups on PORTB.

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RMW-1  RMW-1  RW-1  RMW-1  RMW1  RW-
RBPU | INTEDG | Tocs | TosE | psa | ps2 | psi PSO
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKO)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the TimerO module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1: 256 1:128
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

© 2007 Microchip Technology Inc.
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PIC16F72

5.9 Resetting Timerl Register Pair
(TMR1H, TMR1L)

TMR1H and TMRLL registers are not reset to 00h on a
POR, or any other RESET, except by the CCP1 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.

5.10 Timerl Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.

TABLE 5-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
value on Value on
Address Name | Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 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 {0000 0000|0000 0000
8Ch PIE1 — | ADIE — — SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000|0000 0000
OEh TMRI1L [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 TICON | — | — |T1CKPS1|T1CKPSO|T1OSCEN|TLSYNC|TMR1CS|TMRION|--00 0000[--uu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
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PIC16F72

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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REGISTE

R 6-1:

bit 7
bit 6-3

bit 2

bit 1-0

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 ‘ TOUTPSO ‘ TMR20ON ‘TZCKPSl T2CKPSO
bit 7 bit 0

Unimplemented: Read as ‘0’
TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 =1:1 Postscale

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

1111 =1:16 Postscale

TMR2ON: Timer2 On bit

1= Timer2is on

0 = Timer2 is off

T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

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

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

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

value on Value on
Address | Name |Bit7 Bit 6 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 | TMR1IE |[-0-- 0000|0000 0000
11h TMR2 |Timer2 Module Register 0000 0000|0000 0000
12h T2CON | — |TOUTPS3|TOUTPS2 | TOUTPS1|TOUTPSO |TMR20N | T2CKPS1 | T2CKPSO|-000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 11111111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
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7.0 READING PROGRAM MEMORY

The FLASH Program Memory is readable during nor-
mal operation over the entire VDD range. It is indirectly
addressed through Special Function Registers (SFR).
Up to 14-bit wide numbers can be stored in memory for
use as calibration parameters, serial numbers, packed
7-bit ASCII, etc. Executing a program memory location
containing data that forms an invalid instruction results
in a NOP.

There are five SFRs used to read the program and
memory:

« PMCON1
« PMDATL
* PMDATH
* PMADRL
* PMADRH

The program memory allows word reads. Program
memory access allows for checksum calculation and
reading calibration tables.

When interfacing to the program memory block, the
PMDATH:PMDATL registers form a two-byte word,
which holds the 14-bit data for reads. The
PMADRH:PMADRL registers form a two-byte word,
which holds the 13-bit address of the FLASH location
being accessed. This device has up to 2K words of
program FLASH, with an address range from Oh to
07FFh. The unused upper bits PMDATH<7:6> and
PMADRH<7:5> are not implemented and read as
Zeros.

7.1 PMADR

The address registers can address up to a maximum of
8K words of program FLASH.

When selecting a program address value, the MSByte
of the address is written to the PMADRH register and
the LSByte is written to the PMADRL register. The
upper MSbits of PMADRH must always be clear.

7.2 PMCONL1 Register

PMCONL is the control register for memory accesses.

The control bit RD initiates read operations. This bit
cannot be cleared, only set, in software. It is cleared in
hardware at the completion of the read operation.

REGISTER 7-1: PMCON1: PROGRAM MEMORY CONTROL REGISTER 1 (ADDRESS 18Ch)
R-1 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/S-0
reserved — — — — ‘ — ‘ — ‘ RD ‘
bit 7 bit 0
bit 7 Reserved: Read as ‘1’
bit 6-1 Unimplemented: Read as ‘0’
bit 0 RD: Read Control bit

1 = Initiates a FLASH read, RD is cleared in hardware. The RD bit can only be set (not cleared)

in software.

0 = Does not initiate a FLASH read

Legend:

W = Writable bit
R = Readable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
S = Settable bit
‘0’ = Bitis cleared

-n = Value at POR
X = Bit is unknown

© 2007 Microchip Technology Inc.
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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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10.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (A/D) converter module has five
inputs for the PIC16F72.

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number. The output of the
sample and hold is the input into the converter, which
generates the result via successive approximation. The
analog reference voltage is software selectable to
either the device’s positive supply voltage (VDD) or the
voltage level on the RA3/AN3/VREF pin.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The A/D module has three registers:

« A/D Result Register ADRES
« A/D Control Register 0 ADCONO
« A/D Control Register 1 ADCON1

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off and
any conversion is aborted.

The ADCONO register, shown in Register 10-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 10-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be a voltage reference)
or a digital I/0.

For more information on use of the A/D Converter, see
AN546 - Use of A/D Converter, or refer to the PIC™
Mid-Range MCU Family Reference Manual
(DS33023).

REGISTER 10-1: ADCONO: A/D CONTROL REGISTER 0 (ADDRESS 1Fh)

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

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

ADCS1 ADCSO CHS2

CHS1 | CHSO | GODONE | — | ADON

bit 7

bit 0

bit 7-6 ADCS<1:0>: A/D Conversion Clock Select bits

00 = Fosc/2
01 =Fosc/8
10 = Fosc/32

11 = FRrc (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS<2:0>: Analog Channel Select bits

000 = Channel 0, (RAO/ANO)
001 = Channel 1, (RA1/AN1)
010 = Channel 2, (RA2/AN2)
011 = Channel 3, (RA3/AN3)
100 = Channel 4, (RA5/AN4)

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the A/D

conversion is complete)
bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating current

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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TABLE 11-6:  INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Power-on Reset, MCLR Reset, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
W XXXX XXXX uuuu uuuu uuuu uuuu
INDF N/A N/A N/A
TMRO XXXX KXXX uuuu uuuu uuuu uuuu
PCL 0000h 0000h pc + 1@
STATUS 0001 1xxx 000q quuu(3) uuug quuu(3)
FSR XXXX XKXXX uuuu uuuu uuuu uuuu
PORTA --0x 0000 --0u 0000 --uu uuuu
PORTB XXXX XKXXX uuuu uuuu uuuu uuuu
PORTC XXXX XKXXX uuuu uuuu uuuu uuuu
PCLATH ---0 0000 ---0 0000 ---u uuuu
INTCON 0000 000x 0000 000u uuuu uuuu®
PIR1 -0-- 0000 -0-- 0000 ~u-- uuuu®
TMRI1L XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H XXXX XKXXX uuuu uuuu uuuu uuuu
T1CON --00 0000 --uu uuuu --uu uuuu
TMR2 0000 0000 0000 0000 uuuu uuuu
T2CON -000 0000 -000 0000 -uuu uuuu
SSPBUF XXXX KXXX uuuu uuuu uuuu uuuu
SSPCON 0000 0000 0000 0000 uuuu uuuu
CCPRI1L XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H XXXX XKXXX uuuu uuuu uuuu uuuu
CCP1CON --00 0000 --00 0000 --uu uuuu
ADRES XXXX XKXXX uuuu uuuu uuuu uuuu
ADCONO 0000 00-0 0000 00-0 uuuu uu-u
OPTION 1111 1111 1111 1111 uuuu uuuu
TRISA --11 1111 --11 1111 --uu uuuu
TRISB 1111 1111 1111 1111 uuuu uuuu
TRISC 1111 1111 1111 1111 uuuu uuuu
PIE1 -0-- 0000 -0-- 0000 -u-- uuuu
PCON ---- --qq ---- --uu ---- --uu
PR2 1111 1111 1111 1111 1111 1111
SSPADD 0000 0000 0000 0000 uuuu uuuu
SSPSTAT --00 0000 --00 0000 --uu uuuu
ADCON1 ---- -000 ---- -000 ---- -uuu
PMDATL 0--- 0000 0--- 0000 u--- uuuu
PMADRL XXXX XXXX uuuu uuuu uuuu uuuu
PMDATH XXXX XKXXX uuuu uuuu uuuu uuuu
PMADRH XXXX XKXXX uuuu uuuu uuuu uuuu
PMCON1 1--- ---0 1--- ---0 1--- ---u

Legend: u = unchanged, x = unknown,

r = reserved, maintain clear.

Note 1: One or more bits in INTCON, PIR1 will be affected (to cause wake-up).

- = unimplemented bit, read as '0', g = value depends on condition,

2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

3. See Table 11-5 for RESET value for specific condition.

DS39597C-page 66
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11.11.1  INT INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising, if bit INTEDG (OPTION<6>) is set, or fall-
ing, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit GIE decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 11.14 for details on SLEEP
mode.

11.11.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TMROIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit
TMROIE (INTCON<5>) (see Section 4.0).

EXAMPLE 11-1:

11.11.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>) (see
Section 3.2).

11.12 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt (i.e., W, STATUS registers).
This will have to be implemented in software, as shown
in Example 11-1.

For the PIC16F72 device, the register W_TEMP must
be defined in both banks 0 and 1 and must be defined
at the same offset from the bank base address (i.e., if
W_TEMP is defined at 20h in bank 0, it must also be
defined at AOh in bank 1). The register STATUS_TEMP
is only defined in bank O.

SAVING STATUS, W AND PCLATH REGISTERS IN RAM

MOVWF W_TEMP

SWAPF STATUS_TEMP,W

MOVWF STATUS
SWAPF W_TEMP, F
SWAPF W_TEMP, W

;Swap W_TEMP

;Copy W to TEMP register

SWAPF STATUS, W ;Swap status to be saved into W

CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF  STATUS_TEMP ;Save status to bank zero STATUS_ TEMP register

: (ISR) ;Insert user code here

;Swap STATUS_TEMP register into W
; (sets bank to original state)
;Move W into STATUS register

;Swap W_TEMP into W

© 2007 Microchip Technology Inc.
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FIGURE 11-12:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

1 Q11Q21 Q31Q4; Q11Q21 Q3] Q4 Q1| :

. Q11Q21 @31 Q4, Q11Q21 Q31 @4, Q11Q21 Q31 Q4; Q1/ Q2| Q3| Q4,

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

0scC1 wwﬂr\—mwﬂﬂmwmwm
cko® A\ 1\  Tost® | / \ \ \ 1
INT pin : : : . : : : : 1
I(E\‘N-I-'IFCFOIE?\Iq<1>) ; , ) \/ ' . JInterrupt Latency, . .
! \ \ : ! \ (Note 2) ! \ !
E'EII\IETCbZI(t)N 7 ): : :Processor in, : : \ : : :
</> 1
. . thassanalil . . . ; .
! | ' SLEEP : ! | ! | !
INSTRUCTION FLOW \ \ ' ! | \ \ \
PC ¥ BC T Poii X BC2 X Pciz X Pc+z X _0004n __X___000BR .
Foeheto™  LinsiPC) = SLEEP'  Inst(PC +1) ' InstPC +2) ' Inst(0004h) ' Inst(0005h)
gfgcuu?e!?in {. Inst(PC-1) SLEEP ! + Inst(PC +1) « Dummycycle . Dummy cycle Inst(0004h)
Note 1: XT, HS or LP Oscillator mode assumed.

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

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

11.15 Program Verification/
Code Protection

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

11.16

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

ID Locations

11.17

PIC16F72 microcontrollers can be serially programmed
while in the end application circuit. This is simply done
with two lines for clock and data and three other lines for
power, ground, and the programming voltage (see
Figure 11-13 for an example). This allows customers to
manufacture boards with unprogrammed devices, and
then program the microcontroller just before shipping
the product. This also allows the most recent firmware
or a custom firmware to be programmed.

In-Circuit Serial Programming

For general information of serial programming, please
refer to the In-Circuit Serial Programming™ (ICSP™)
Guide (DS30277). For specific details on programming
commands and operations for the PIC16F72 devices,
please refer to the latest version of the PIC16F72
FLASH Program Memory Programming Specification
(DS39588).

FIGURE 11-13: TYPICAL IN-CIRCUIT
SERIAL PROGRAMMING
CONNECTION
To Normal
Connections
External :
Connector ' PIC16F72
Signals '
+5V : VDD
oV — Vss
VPP : MCLR/VPP
CLK : RB6
Data /0 |—— RB7

@ *

To Normal
Connections

* |solation devices (as required).
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BTFSS Bit Test f, Skip if Set

Syntax: [label ] BTFSS fb

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =1

Status Affected: None

Description: If bit ‘b’ in register 'f' = ‘0", the next
instruction is executed.
If bit ‘b’ = ‘1", then the next instruc-
tion is discarded and a NOP is exe-
cuted instead, making this a 2 Tcy
instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label ] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =0

Status Affected: None

Description: If bit ‘b’ in register ‘f' =‘1’, the next
instruction is executed.
If bit ‘b’ in register ‘f' = ‘0", the next
instruction is discarded, and a NOP
is executed instead, making this a
2 Tcy instruction.

CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0<k<2047

Operation: (PC)+1 > TOS,
k - PC<10:0>,
(PCLATH<4:3>) — PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return

address (PC+1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALL is
a two-cycle instruction.

CLRF Clear f
Syntax: [label] CLRF f
Operands: 0<f<127
Operation: 00h — ()
157
Status Affected: Z
Description: The contents of register ‘" are
cleared and the Z bit is set.
CLRW Clear W
Syntax: [label] CLRW
Operands: None
Operation: 00h — (W)
1527
Status Affected: Z
Description: W register is cleared. Zero hit (2)
is set.
CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
Operands: None
Operation: 00h - WDT
0 — WDT prescaler,
1-T0
1—-PD
Status Affected: TO, PD
Description: CLRWDT instruction resets the

Watchdog Timer. It also resets the
prescaler of the WDT. Status bits
TO and PD are set.
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FIGURE 14-1: PIC16F72 (INDUSTRIAL, EXTENDED) VOLTAGE-FREQUENCY GRAPH
6.0V
5.5V
5.0V

o 45V

g 4ov | .

9 35Vt : :
3.0V—+ | |
2.5V | |
2.0V | |

| |
| |
: |
16 MHz 20 MHz
Frequency
FIGURE 14-2: PIC16LF72 (INDUSTRIAL) VOLTAGE-FREQUENCY GRAPH
6.0V
5.5V
5.0V
o 45V-
g 4.0V
o i
S 35v
3.0V
2.5V - :
2.0V - |
| |
| |
| |
| |

4 MHz 10 MHz

Frequency

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 14-4: EXTERNAL CLOCK TIMING
: Q4 : QL . Q2 Qa3 Q4 !
| f i | | 3 |
l——1— g e -
| -t 2 >
CLKO
TABLE 14-1: EXTERNAL CLOCK TIMING REQUIREMENTS
Par’a:lrgeter Symbol Characteristic Min Typt Max | Units Conditions
Fosc External CLKI Frequency DC — 1 MHz |XT Osc mode
(Note 1) DC — 20 | MHz |HS Osc mode
DC — 32 kHz |LP Osc mode
Oscillator Frequency DC — 4 MHz |RC osc mode
(Note 1) 0.1 — 4 | MHz |XT Osc mode
4 — 20 MHz |HS Osc mode
5 — 200 kHz |LP Osc mode
1 Tosc External CLKI Period 1000 — — ns |XT Osc mode
(Note 1) 50 — — ns |HS Osc mode
5 — — ms |LP Osc mode
Oscillator Period 250 — — ns |RC Osc mode
(Note 1) 250 — 110,000 | ns |XT Osc mode
50 — 250 ns |HS Osc mode
5 — — ms [LP Osc mode
2 Tey Instruction Cycle Time 200 Tcy DC ns |Tcy =4/Fosc
(Note 1)
3 TosL, External Clock in (OSC1) 500 — — ns |XT oscillator
TosH High or Low Time 25 _ _ ms |LP oscillator
15 — — ns |HS oscillator
4 TosR, External Clock in (OSC1) — — 25 ns |XT oscillator
TosF Rise or Fall Time _ _ 50 ns |LP oscillator
— — 15 ns |HS oscillator

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: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at "min” values with an
external clock applied to the OSC1/CLKI pin. When an external clock input is used, the "max" cycle time
limitis "DC" (no clock) for all devices.
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TABLE 14-8:  1°C BUS DATA REQUIREMENTS
Pzrsm Symbol Characteristic Min Max | Units Conditions
100* |THIGH Clock High Time 100 kHz mode 4.0 — us |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — us |Device must operate at a
minimum of 10 MHz
SSP Module 1.5 Tey —
101* |TLow Clock Low Time 100 kHz mode 4.7 — us |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — us |Device must operate at a
minimum of 10 MHz
SSP Module 1.5 Tey —
102*  |TR SDA and SCL Rise |100 kHz mode — 1000 ns
Time 400 kHz mode |20 + 0.1 Cs| 300 ns |Csis specified to be from
10 - 400 pF
103* |TF SDA and SCL Fall |100 kHz mode — 300 ns
Time 400 kHz mode |20+ 0.1 Cs| 300 ns |Cs is specified to be from
10 - 400 pF
90* Tsu:STA  |START Condition |100 kHz mode 4.7 — us  |Only relevant for
Setup Time 400 kHz mode 0.6 _ us Repeated START
condition
91* THD:STA |START Condition |100 kHz mode 4.0 — us  |After this period, the first
Hold Time 400 kHz mode 0.6 _ us clock pulse is generated
106* |THD:DAT |Data Input Hold 100 kHz mode 0 — ns
Time 400 kHz mode 0 09 | us
107* |Tsu:pDAT |Data Input Setup 100 kHz mode 250 — ns |(Note 2)
Time 400 kHz mode 100 — ns
92* Tsu:sto |STOP Condition 100 kHz mode 4.7 — us
Setup Time 400 kHz mode 0.6 — us
109* |TAA Output Valid from |100 kHz mode — 3500 ns |(Note 1)
Clock 400 kHz mode — — ns
110* |TBUF Bus Free Time 100 kHz mode 4.7 — us | Time the bus must be free
400 kHz mode 1.3 _ us before a new transmission
can start
Cs Bus Capacitive Loading — 400 pF

Note 1:

These parameters are characterized but not tested.
As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.

A Fast mode (400 kHz) I2C bus device can be used in a Standard mode (100 kHz) 12C bus system, but the
requirement TSU:DAT > 250 ns must then be met. This will automatically be the case if the device does not
stretch the LOW period of the SCL signal. If such a device does stretch the LOW period of the SCL signal,
it must output the next data bit to the SDA line TR max.+TsuU:DAT = 1000 + 250 = 1250 ns (according to the

Standard mode 12C bus specification), before the SCL line is released.
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FIGURE 15-17: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (Vbb =5V, -40°C TO +125°C)
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0.9

Max (125°C)
Typical: statistical mean @ 25°C
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) ///¢
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::i L
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0.0
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FIGURE 15-18: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (Vbb = 3V, -40°C TO +125°C)
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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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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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Oscillator Configuration.............ccceeeiieiiiieeeniiee e 59, 61
Crystal Oscillator/Ceramic Resonators..........c..cceene. 61
HS e 61, 65

P
P et 44
Package Marking Information ...........cccccoevviiveneeeniicninnen. 117
PCFGO DIt .. 54
PCFGL1 bit .. .54
PCFG2 bit .. ....54
PCL Register........ ..9,10, 18
PCLATH REQGISLEN ....eviiiiiiiei e 9, 10, 18
PCON REQISIEN ...t 64

POR DIt oot 17
PICDEM 1 Low Cost PIC

Demonstration Board............cccceiiiienieienieceees

PICDEM 17 Demonstration Board
PICDEM 2 Low Cost PIC16CXX

Demonstration Board............ccccveviveeiiniiiiiiee e, 83
PICDEM 3 Low Cost PIC16CXXX
Demonstration Board............ccccveeivieiiiiiiiiiee e 84
PICSTART Plus Entry Level
Development Programmer ............occeeeiveeeniieeenieee s 83
Pin Functions
MCLR/VPP.....cotiiiiie ettt 6
OSCL/ICLKI ettt e 6
OSC2/CLKO ...ttt 6
RAO/AND ...ttt 6
RAL/ANL ...t 6
RAZ2/IANZ ...t 6
RAB/ANS/VREF ...ccciiiiiciiiee ettt ae e 6
RA4/TOCKI......... .6
RAS5/AN4/SS ... .6
RBO/INT .... .6
[ 2 1 SR 6
RB2 .t 6
RB 3 . 6
RB .. 6
RB5....... .6
RB6/PGC .. ...6
RB7/PGD. ................. ...6
RCO/TLOSO/TLICKI i 6
RCLUTLOSH et 6
RC2/CCPL ...ttt 6
RC3/SCKISCL wvvvivieiieiiiieee e 6
RCA/SDIISDA ...ttt 6
RC5/SDO ..ottt 6

Pinout Descriptions

PICLOBFT2....eeee et 6
POP e 19
POR. See Power-on Reset
PORTA

Associated RegISterS .......covcvveviiieeeiiiieie e 22

FUNCLIONS ...t 22

PORTA REGISIEN ...ttt 9
PORTB
Associated RegISterS........ccccveveeeveiiiieiiee e 24
Functions ........ccccccceeeennen. e 24
Pull-up Enable (RBPU bit)................... ... 13
RBO/INT Edge Select (INTEDG bit)..... ... 13
RBO/INT Pin, External .........ccccoooiiiiiiiieenieeieee e, 69
RB7:RB4 Interrupt-on-Change Flag (RBIF bit)........... 14
RB7:RB4 Interrupt-on-Change ..........ccccvveeeeeeviinennnnn. 69
RB7:RB4 Interrupt-on-Change Enable
(RBIE DIt) .ot 69
RB7:RB4 Interrupt-on-Change Flag
(RBIF DIt) oo 14, 69

PORTB Register.
PORTC

Associated REQISIErS......ccueiiiiiiiiiieie e 26

FUNCHIONS ... 26
PORTC REQISIEI ...ueviieeei ettt 9
Postscaler, WDT

Assignment (PSA Bit) ...ccocvveeivee e

Rate Select (PS2:PS0 bits)
Power-down Mode. See SLEEP

Power-on Reset (POR).......ccccoeevviiiivineeennnne

Brown-out Reset (BOR).......cccceeriieiniieeeiiee e

Oscillator Start-up Timer (OST) ....ceeevvveeeniieeeninen. 59, 64

POR Status (POR Dit) ....covveiviiiiiiiieeeeeeee e, 17

Power Control/Status Register (PCON).. ... 64

Power-down (PD bBit) ......cooiiiiiiiiiiiiee e 62

Power-up Timer (PWRT) .. .59, 64

Time-0out (TO DIt) ..ccovveeiiiiie i 12, 62

TiME-0Ut SEQUENCE .....cooiiiiiiiiiie ettt 64
PR2 REQISLEN ....eeiiiiiee ettt eeee e 35
Prescaler, Timer0

Assignment (PSA DIt) ....ocoevriiiiiii s

Rate Select (PS2:PSO bitS) .....vvvvveeeviiiiiiiieee e,
PRO MATE Il Universal Device Programmer . .
Product Identification System ..........ccccccevviiiiniieiiiiiee s
Program Counter

RESET CONdItiONS.....cuvviieiiiieesiieee et 65
Program Memory

Paging .oeooeeeeiee s 19
Program Memory Map and Stack.........cccccceeeniiieiniieennienene 7
Program Verification ................. . 12

PMCON1 Register
Receive Overflow Indicator bit, SSPOV.........ccccccovvvviennennn. 45
Register File Map........ccoouiiiiiiiieiie e 8
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