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PIC16F72

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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TABLE 3-1: PORTA FUNCTIONS

Name Bit# Buffer | Function

RAO/ANO bit 0 TTL | Input/output or analog input.

RA1/AN1 bit 1 TTL | Input/output or analog input.

RA2/AN2 bit 2 TTL | Input/output or analog input.

RA3/AN3/VREF bit 3 TTL |Input/output or analog input or VREF.

RA4/TOCKI bit 4 ST Input/output or external clock input for Timer0. Output is open drain type.
RA5/AN4/SS bit 5 TTL |Input/output or analog input or slave select input for synchronous serial port.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

value on Value on

Address| Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR all other
' RESETS

05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO |--0x 0000|--0u 0000
85h TRISA — — |PORTA Data Direction Register --11 1111|--11 1111
9Fh ADCON1| — | — — | — | — |PcFG2|PCFG1|PCFGO|---- -000|---- -000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’.
Shaded cells are not used by PORTA.

Note:  When using the SSP module in SPI Slave mode and SS enabled, the A/D Port Configuration Control bits
(PCFG2:PCFGO) in the A/D Control Register (ADCON1) must be set to one of the following configurations:
100, 101, 11x.
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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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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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8.0 CAPTURE/COMPARE/PWM
(CCP) MODULE

The CCP (Capture/Compare/PWM) module contains a
16-bit register that can operate as a:

e 16-bit capture register

e 16-bit compare register

« PWM master/slave duty cycle register.

Table 8-1 shows the timer resources of the CCP
Module modes.

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

Additional information on the CCP module is available
in the PIC™ Mid-Range MCU Reference Manual,
(DS33023).
TABLE 8-1: CCP MODE - TIMER
RESOURCE

CCP Mode

Timer Resource

Capture Timerl
Compare Timerl

PWM Timer2

REGISTER 8-1: CCPCON1: CAPTURE/COMPARE/PWMCONTROL REGISTER 1 (ADDRESS 17h)
uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CCPxX CCPxY | CCPxM3 | CCPxM2 | CCPxM1 | CCPXMO |
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0’
bit 5-4 CCPxX:CCPxY: PWM Least Significant bits
Capture mode:
Unused
Compare mode:
Unused
PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.
bit 3-0 CCPxM3:CCPxMO0: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set,

CCPx pin is unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 resets TMR1 and starts an A/D conversion (if A/D module is enabled)

11xx = PWM mode

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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Maximum PWM resolution (bits) for a given PWM
frequency is calculated using Equation 8-3.

EQUATION 8-3: PWM MAX RESOLUTION
Fosc )
PWM Maximum Resolution = = Fewm 7 bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.

For a sample PWM period and duty cycle calculation,
see the PIC™ Mid-Range MCU Reference Manual
(DS33023).

8.3.3

SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1.
2.

Set the PWM period by writing to the PR2 register.

Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> hits.

Make the CCP1 pin an output by clearing the
TRISC<2> bit.

Set the TMR2 prescale value and enable Timer2
by writing to T2CON.

Configure the CCP1 module for PWM operation.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OXFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 8-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
. . . . . . . . Value on Value on
Address Name Bit 7 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 | TMRI1IE [-0-- 0000{0000 0000
87h TRISC PORTC Data Direction Register 1111 11111111 1111
11h TMR2 Timer2 Module Register 0000 0000|0000 0000
92h PR2 Timer2 Module Period Register 1111 1111|1111 1111
12h T2CON — |TouTPS3|TOUTPS2| TOUTPS1| TOUTPSO| TMR2ON| T2CKPS1 | T2CKPSO| -000 0000|-000 0000
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|uuuu uuuu
17h ccPicoN| — | — [ ccPix | ccPiy | cCPIM3 | CCPIM2| CCPIMI | CCPIMO |--00 0000]--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by PWM and Timer2.
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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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REGISTER 9-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RMW-0 RMW-0 R/MW-0

WCOL | ssPov | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO

bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit

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

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow. In Master
mode, the overflow bit is not set since each new reception (and transmission) is initiated
by writing to the SSPBUF register.

0 = No overflow

In I2C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV
is a "don’t care" in Transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit

In SPI mode:
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/0 port pins

In 1°C mode:
1 = Enables the serial port and configures the SDA and SCL pins as serial port pins
0 = Disables serial port and configures these pins as 1/0O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4 CKP: Clock Polarity Select bit

In SPI mode:
1 = IDLE state for clock is a high level (Microwire® default)
0 = IDLE state for clock is a low level (Microwire alternate)

In I2C mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch - used to ensure data setup time)

bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bits

0000 = SPI Master mode, clock = Fosc/4

0001 = SPI Master mode, clock = Fosc/16

0010 = SPI Master mode, clock = Fosc/64

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

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

0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin.
0110 = I2C Slave mode, 7-bit address

0111 = I2C Slave mode, 10-bit address

1011 = I12C firmware controlled Master mode (Slave IDLE)

1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-hit address with START and STOP bit interrupts enabled

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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9.3.2 MASTER MODE OPERATION

Master mode operation is supported in firmware using
interrupt generation on the detection of the START and
STOP conditions. The STOP (P) and START (S) bits
are cleared from a RESET or when the SSP module is
disabled. The STOP (P) and START (S) bits will toggle,
based on the START and STOP conditions. Control of
the 12C bus may be taken when the P bit is set, or the
bus is IDLE and both the S and P bits are clear.

In Master mode operation, the SCL and SDA lines are
manipulated in firmware by clearing the corresponding
TRISC<4:3> bit(s). The output level is always low, irre-
spective of the value(s) in PORTC<4:3>. So, when
transmitting data, a ‘1’ data bhit must have the
TRISC<4> bit set (input) and a ‘0’ data bit must have
the TRISC<4> bhit cleared (output). The same scenario
is true for the SCL line with the TRISC<3> bit.

The following events will cause the SSP Interrupt Flag
bit, SSPIF, to be set (SSP Interrupt if enabled):

e START condition

e STOP condition

» Data transfer byte transmitted/received

Master mode operation can be done with either the
Slave mode IDLE (SSPM3:SSPMO0 =1011), or with the
Slave mode active. When both Master mode operation

and Slave modes are used, the software needs to
differentiate the source(s) of the interrupt.

For more information on Master mode operation, see
ANS554 - Software Implementation of I2C Bus Master.

9.3.3 MULTI-MASTER MODE OPERATION

In Multi-Master mode operation, the interrupt genera-
tion on the detection of the START and STOP condi-
tions allows the determination of when the bus is free.
The STOP (P) and START (S) bits are cleared from a
RESET or when the SSP module is disabled. The
STOP (P) and START (S) bits will toggle, based on the
START and STOP conditions. Control of the 12C bus
may be taken when bit P (SSPSTAT<4>) is set, or the
bus is IDLE and both the S and P bits clear. When the
bus is busy, enabling the SSP interrupt will generate
the interrupt when the STOP condition occurs.

In Multi-Master mode operation, the SDA line must be
monitored to see if the signal level is the expected out-
put level. This check only needs to be done when a
high level is output. If a high level is expected and a low
level is present, the device needs to release the SDA
and SCL lines (set TRISC<4:3>). There are two stages
where this arbitration can be lost:

¢ Address Transfer
« Data Transfer

When the slave logic is enabled, the Slave device con-
tinues to receive. If arbitration was lost during the
address transfer stage, communication to the device
may be in progress. If addressed, an ACK pulse will be
generated. If arbitration was lost during the data trans-
fer stage, the device will need to retransfer the data at
a later time.

For more information on Multi-Master mode operation,
see AN578 - Use of the SSP Module in the 12C
Multi-Master Environment.

TABLE 9-3: REGISTERS ASSOCIATED WITH 1°C OPERATION
. . . . . . . . Value on Value on
Address Name Bit 7 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
oCh PIR1 — ADIF — — SSPIF |CCP1IF [ TMR2IF [ TMR1IF| -0-- 0000 (0000 0000
8Ch PIE1 — ADIE — — SSPIE |CCP1IE|TMR2IE|TMR1IE| -0-- 0000 |0000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX [uuuu uuuu
93h SSPADD |Synchronous Serial Port (I12C mode) Address Register 0000 0000 |0000 0000
14h SSPCON | WCOL |SSPOV | SSPEN CKP [SSPM3|SSPM2 | SSPM1 | SSPMO | 0000 0000 |0000 0000
94h SSPSTAT| smP® | cke® |  D/A P S R/W UA BF | 0000 0000 {0000 0000
87h TRISC PORTC Data Direction Register 1111 1111 |1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0.

Shaded cells are not used by SSP module in SPI mode.

Note 1: Maintain these bits clear in 12C mode.

© 2007 Microchip Technology Inc.
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11.5 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V - 1.7V). To
take advantage of the POR, tie the MCLR pin to VDD,
as described in Section 11.4. A maximum rise time for
VDD is specified. See Section 14.0, Electrical
Characteristics for details.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature,...) must be met to ensure
operation. If these conditions are not met, the device
must be held in RESET until the operating conditions
are met. For more information, see Application Note,
ANG607- Power-up Trouble Shooting (DS00607).

11.6 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only from the POR. The Power-
up Timer operates on an internal RC oscillator. The
chip is kept in RESET as long as the PWRT is active.
The PWRT's time delay allows VDD to rise to an accept-
able level. A configuration bit is provided to enable/
disable the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature and process variation. See DC
parameters for details (TPWRT, parameter #33).

11.7  Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycles (from OSC1 input) delay after the
PWRT delay is over (if enabled). This helps to ensure
that the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

11.8 Brown-out Reset (BOR)

The configuration bit, BOREN, can enable or disable
the Brown-out Reset circuit. If VDD falls below VBOR
(parameter D005, about 4V) for longer than TBOR
(parameter #35, about 100 us), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a RESET may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer then keeps the device in RESET for
TPWRT (parameter #33, about 72 ms). If VDD should fall
below VBOR during TPWRT, the Brown-out Reset pro-
cess will restart when VDD rises above VBOR, with the
Power-up Timer Reset. The Power-up Timer is always
enabled when the Brown-out Reset circuit is enabled,
regardless of the state of the PWRT configuration bit.

11.9 Time-out Sequence

On power-up, the time-out sequence is as follows: the
PWRT delay starts (if enabled) when a POR occurs.
Then, OST starts counting 1024 oscillator cycles when
PWRT ends (LP, XT, HS). When the OST ends, the
device comes out of RESET.

If MCLR is kept low long enough, all delays will expire.
Bringing MCLR high will begin execution immediately.
This is useful for testing purposes or to synchronize
more than one PIC16F72 device operating in parallel.

Table 11-5 shows the RESET conditions for the
STATUS, PCON and PC registers, while Table 11-6
shows the RESET conditions for all the registers.

11.10 Power Control/Status Register
(PCON)

The Power Control/Status Register, PCON, has two
bits to indicate the type of RESET that last occurred.

Bit0 is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by
the user and checked on subsequent RESETS to see
if bit BOR cleared, indicating a Brown-out Reset
occurred. When the Brown-out Reset is disabled, the
state of the BOR bit is unpredictable.

Bitl is POR (Power-on Reset Status bit). It is cleared on
a Power-on Reset and unaffected otherwise. The user
must set this bit following a Power-on Reset.
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12.0 INSTRUCTION SET SUMMARY

Each PIC16F72 instruction is a 14-bit word divided into
an OPCODE that specifies the instruction type and one
or more operands that further specify the operation of
the instruction. The PIC16F72 instruction set summary
in Table 12-2 lists byte-oriented, bit-oriented, and lit-
eral and control operations. Table 12-1 shows the
opcode field descriptions.

For byte-oriented instructions, ‘f’ represents a file reg-
ister designator and ‘d’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while ‘f’ represents the number of the
file in which the bit is located.

For literal and control operations, ‘K’ represents an
eight or eleven-bit constant or literal value.

TABLE 12-1: OPCODE FIELD
DESCRIPTIONS

Field Description

f |Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X|w|lo|=

Don't care location (= 0 or 1).

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

d |Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd = 1.

Program Counter

Time-out bit

ol ||| o
g3l 8

Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

« Byte-oriented operations
e Bit-oriented operations
« Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles,
with the second cycle executed as a nor. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 us. If a conditional test is true, or the
program counter is changed as a result of an
instruction, the instruction execution time is 2 ps.

Table 12-2 lists the instructions recognized by the
MPASM™ assembler.

Figure 12-1 shows the general formats that the
instructions can have.

All examples use the following format to represent a
hexadecimal number:

Oxhh

where h signifies a hexadecimal digit.
FIGURE 12-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE | b (BIT #)| f (FILE #)

3-bit bit address

b
f = 7-bit file register address

Literal and control operations

General
13 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

A description of each instruction is available in the
PIC™ Mid-Range MCU Family Reference Manual
(DS33023).
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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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IORLW Inclusive OR Literal with W

Syntax: [label] 1ORLW k

Operands: 0<k<255

Operation: (W) .OR. k = (W)

Status Affected: Z

Description: The contents of the W register are
OR’d with the eight-bit literal ‘k’.
The result is placed in the W
register.

IORWF Inclusive OR W with f

Syntax: [label] 1ORWF f,d

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

Operation: (W) .OR. (f) — (destination)

Status Affected: Z

Description: Inclusive OR the W register with
register ‘f'. If ‘'d’ ='0’, the result is
placed in the W register. If ‘d’='1’,
the result is placed back in
register ‘f'.

MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: () — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are

moved to a destination dependant
upon the status of ‘d’. If ‘'d’ ='0’,
the destination is W register. If

‘d’ = ‘1’, the destination is file reg-
ister ‘f’ itself. ‘d’ = ‘1’ is useful to
test a file register, since status
flag Z is affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

Description: The eight-bit literal 'k’ is loaded
into W register. The don't cares
will assemble as ‘0’s.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: (W) - ()

Status Affected:  None

Description: Move data from W register to
register ‘f'.

NOP No Operation

Syntax: [label] NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.
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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)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta £ +85°C for industrial
DC CHARACTERISTICS -40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC Specification,
Section 14.1.
P;a\lrc?-m Sym Characteristic Min Typt| Max |Units Conditions
VIL Input Low Voltage
I/O ports
D030 with TTL buffer Vss — 10.15VDD| V |For entire VDD range
DO030A Vss — 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss — | 02VDD | V
D032 MCLR, OSC1 (in RC mode) Vss — | 02VDD | V
D033 OSCL1 (in XT and LP mode) Vss — 0.3V V |(Note 1)
OSCl1 (in HS mode) Vss — [ 03VvbD| V [(Notel)
VIH Input High Voltage
I/O ports
D040 with TTL buffer 2.0 — VDD V |45V <VDD<5.5V
DO40A 0.25VvDD +0.8V| — VDD V  |For entire VDD range
D041 with Schmitt Trigger buffer 0.8 VbD — VDD V  |For entire VDD range
D042 MCLR 0.8 VDD — VDD \Y,
DO42A OSCl1 (in XT and LP mode) 1.6V — VDD V  |(Note 1)
OSCl1 (in HS mode) 0.7 VbD — VDD V  |(Note 1)
D043 OSC1 (in RC mode) 0.9 VbD — VDD \Y,
D070 |IpurB |PORTB Weak Pull-up Current 50 250 400 UA |VDD =5V, VPIN = Vss
I Input Leakage Current (Notes 2, 3)
D060 I/O ports — — +1 LA |Vss < VPIN £ VDD, Pin at
hi-impedance
D061 MCLR, RA4/TOCKI — — +5 LA [Vss < VPIN < VDD
D063 OSC1 — — +5 LA |Vss < VPIN < VDD, XT, HS
and LP osc configuration

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: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the

PIC16F72 be driven with external clock in RC mode.

2: The leakage 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.
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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.

© 2007 Microchip Technology Inc.

DS39597C-page 103




PIC16F72

FIGURE 15-15: TYPICAL, MINIMUM AND MAXIMUM VoH vs. IoH (VDD = 5V, -40°C TO +125°C)
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FIGURE 15-16: TYPICAL, MINIMUM AND MAXIMUM VoH vs. IoH (VDD = 3V, -40°C TO +125°C)
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