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PIC16F72

Key Reference Manual Features PIC16F72
Operating Frequency DC - 20 MHz
RESETS and (Delays) POR, BOR, (PWRT, OST)

FLASH Program Memory - (14-bit words, 1000 E/W cycles) 2K
Data Memory - RAM (8-bit bytes) 128
Interrupts 8
1/O Ports PORTA, PORTB, PORTC
Timers Timer0, Timerl, Timer2

Capture/Compare/PWM Modules 1
Serial Communications SSP

8-bit A/D Converter 5 channels

Instruction Set (No. of Instructions) 35
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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).

© 2007 Microchip Technology Inc.
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PIC16F72 REGISTER FILE MAP

File
Address
Indirect addr.(*)| 80h
OPTION 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
88h
89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
8Dh
PCON 8Eh
8Fh
90h
91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
98h
99h
9Ah
9Bh
9Ch
9Dh
9Eh
ADCON1 9Fh
General AOh
Purpose
Register
32 Bytes BFh
COh
accesses
40h-7Fh
FFh
Bank 1

FIGURE 2-2:
File
Address
Indirect addr.(*)| 00h
TMRO 01lh
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
08h
09h
PCLATH O0Ah
INTCON 0Bh
PIR1 0Ch
0Dh
TMR1L OEh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRI1L 15h
CCPR1H 16h
CCP1CON 17h
18h
19h
1Ah
1Bh
1Ch
1Dh
ADRES 1Eh
ADCONO | 1Fh
20h
General
Purpose
Register
96 Bytes
7Fh
Bank O
* Not a physical register.

File
Address
Indirect addr.(*)| 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTB 106h
107h
108h
109h
PCLATH 10Ah
INTCON 10Bh
PMDATL 10Ch
PMADRL 10Dh
PMDATH | 10Eh
PMADRH 10Fh
110h
11Fh
120h
accesses
20h-7Fh
17Fh
Bank 2

D Unimplemented data memory locations, read as ‘0'.

File
Address
Indirect addr.(*)| 180h
OPTION 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
PMCON1 18Ch
18Dh
18Eh
18Fh
190h
19Fh
1A0h
accesses
AOh -BFh
1BFh
1COh
accesses
40h -7Fh
1FFh
Bank 3

DS39597C-page 8
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2.2.2

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
given in Table 2-1.

SPECIAL FUNCTION REGISTERS The Special Function Registers can be classified into

two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the
peripheral feature section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Address| Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gag"eB(g‘R De;jg'sef’”
Bank 0
oonh® INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
01h TMRO Timer0 Module’s Register KXXX XXXX 27,13
02n@ PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
o3h® [status | RP [ RPL | RPO | TO PD z | bc c  [ooo1 1xxx| 12
04h® FSR Indirect Data Memory Address Pointer XXKK XXXX 19
05h PORTA — | — |PORTA Data Latch when written: PORTA pins when read --0x 0000 21
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXK XXXX 23
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXK XXXX 25
08h — Unimplemented — —
09h — Unimplemented — —
0Ah(2 |PCLATH — = — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 18
oBh®) INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 14
0Ch PIR1 — ADIF — — SSPIF CCP1IF | TMR2IF TMR1IF |-0-- 0000 16
0Dh — Unimplemented — —
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXKK XXXX 29
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXKK XXXX 29
10h  |T1CON — | — Jrickesi|Tickpso | T10SCEN] TisYNC | TMRICS | TMRION [--00 0000 29
11h TMR2 Timer2 Module’s Register 0000 0000 33
12h  |T2CON — |routpss| Toutps2 | TouTPs1 | TouTPS0 | TMR20N | T2cKPS1 | T2CKPSO0 | -000 0000 34
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx| 43,48
14h  |sspcoN |wcoL | sspov | ssPeEN | ckp | sspm3 | sspm2 | sspmi | ssPMo [oo00 oooo| 45
15h CCPRI1L |Capture/Compare/PWM Register (LSB) xxxx xxxx| 38,39,41
16h CCPR1H |Capture/Compare/PWM Register (MSB) xxxx xxxx| 38,39,41
1i7h |cecpicon| — | — | ccpix | ccpiy | ccpams | cepamz | cepami | ccpamo |--00 oooo| 37
18h-1Dh — Unimplemented — —
1Eh ADRES A/D Result Register XXKK XXXX 53
1fh  |apcoNo |apcsi| abcso | cHs2 | cHsi | cHso |GoONE|  — | ADON [o0000 00-0] 53
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. DS39597C-page 9
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2.2.25 PIR1 Register

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

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

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

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

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

1 = The SSP interrupt condition has occurred, and must be cleared in software before returning
from the Interrupt Service Routine.
The conditions that will set this bit are a transmission/reception has taken place.

0 = No SSP interrupt condition has occurred

bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

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

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

DS39597C-page 16 © 2007 Microchip Technology Inc.
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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.
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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

© 2007 Microchip Technology Inc. DS39597C-page 45
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FIGURE 9-2: SPI MODE TIMING, MASTER MODE

SCK (CKP = 0, BN e o
CKE =0)

SCK (CKP =0, o L L
CKE=1)

SCK (CKP =1,

CKE =0) [ e D
SCK (CKP =1,

CKE=D e I B

bitz X bite X b5 X bita X btz { btz X bix {  bio
SDI (SMP =0) O T e e e W S Nbey

SDO

bit7 bit0
SDI (SMP = 1) C C C C C C C C
bit7 bit0
SSPIF ’_
FIGURE 9-3: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)
Ss (optional) —‘ ’—
SCK (CKP = 0) A s o
SCK (CKP =1)

SDO

bitz X bits X bis X bita X bis X bz X bt X bito
SDI (SMP = 0) : O Y e Ve e W N N Nbey

bit7 bit0

SSPIF

FIGURE 9-4: SPI MODE TIMING (SLAVE MODE WITH CKE = 1)
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bit7 bit0

SSPIF ’7

SCK (CKP = 1)

© 2007 Microchip Technology Inc. DS39597C-page 47



PIC16F72

FIGURE 11-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH

PULL-UP RESISTOR)

MCLR .

INTERNAL POR | :

PWRT TIME-OUT

:‘-TOST-’i
OST TIME-OUT [
INTERNAL RESET ‘
FIGURE 11-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH
RC NETWORK): CASE 1
VbD —:/
MCLR i
INTERNAL POR | :
: TPWRT !
PWRT TIME-OUT ‘ <~ TosT—»
OST TIME-OUT
INTERNAL RESET ‘
FIGURE 11-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbb THROUGH
RC NETWORK): CASE 2
VDD —/
MCLR — /
INTERNAL POR |
: TPWRT ! :
PWRT TIME-OUT L_TOST_,; .

OST TIME-OUT

INTERNAL RESET
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11.13 Watchdog Timer (WDT)

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

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

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

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

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

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

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

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

MUX -4— PSA

v

WDT
Time-out

TABLE 11-7: SUMMARY OF WATCHDOG TIMER REGISTERS

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

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

Note 1. See Register 11-1 for operation of these bits.
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11.14 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the 1/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are hi-impedance inputs, high or low externally, to
avoid switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (VIHMC).

11.14.1 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of
the following events:

1. External RESET input on MCLR pin.

2. Watchdog Timer wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or a
peripheral interrupt.

External MCLR Reset will cause a device RESET. All
other events are considered a continuation of program
execution and cause a "wake-up". The TO and PD bits
in the STATUS register can be used to determine the
cause of the device RESET. The PD bit, which is set on
power-up, is cleared when SLEEP is invoked. The TO
bit is cleared if a WDT time-out occurred and caused
wake-up.

The following peripheral interrupts can wake the device
from SLEEP:

1. TMR1interrupt. Timerl must be operating as an
asynchronous counter.
2. CCP Capture mode interrupt.

3. Special event trigger (Timerl in Asynchronous
mode using an external clock).

4. SSP (START/STOP) bit detect interrupt.

5. SSP transmit or receive in Slave mode
(SPINZC).

6. A/D conversion (when A/D clock source is RC).

Other peripherals cannot generate interrupts since
during SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up
occurs regardless of the state of the GIE bit. If the GIE
bit is clear (disabled), the device continues execution at
the instruction after the SLEEP instruction. If the GIE bit
is set (enabled), the device executes the instruction
after the SLEEP instruction and then branches to the
interrupt address (0004h). In cases where the execu-
tion of the instruction following SLEEP is not desirable,
the user should have a NOP after the SLEEP instruction.

11.14.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from SLEEP. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruction
should be executed before a SLEEP instruction.
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12.1 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label ] ADDLW  k

Operands: 0<k<255

Operation: (W) +k - (W)

Status Affected: C, DC, Z

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

ADDWF Add W and f

Syntax: [label] ADDWF fd

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

Operation: (W) + (f) — (destination)

Status Affected: C, DC, Z

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

ANDLW AND Literal with W

Syntax: [label ] ANDLW  k

Operands: 0<k<255

Operation: (W) .AND. (k) — (W)

Status Affected: Z

Description: The contents of W register are

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

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

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
« Integrated Development Environment
- MPLAB® IDE Software
« Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian

e Simulators
- MPLAB SIM Software Simulator
« Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ [n-Circuit Emulator
 In-Circuit Debugger
- MPLAB ICD
« Device Programmers
- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

¢ Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoq® Demonstration Board

13.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:
< Aninterface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
« A full-featured editor
« A project manager
e Customizable toolbar and key mapping
« A status bar
¢ On-line help

The MPLAB IDE allows you to:

 Edit your source files (either assembly or ‘C’)

« One touch assemble (or compile) and download
to PIC emulator and simulator tools (automatically
updates all project information)

« Debug using:

- source files
- absolute listing file
- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-
effective simulator to a full-featured emulator with
minimal retraining.

13.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PIC MCU’s.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

« Integration into MPLAB IDE projects.

« User-defined macros to streamline assembly
code.

< Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

13.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.
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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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FIGURE 14-10: SPI MASTER MODE TIMING (CKE =0, SMP = 0)
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FIGURE 14-11: SPI MASTER MODE TIMING (CKE =1, SMP = 1)
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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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REQISLEIS ..ttt 36
ADCONO (A/D Control 0) .....ccceveruererenieneeienieneeeees 53
ADCONL (A/D CONrol 1) ..ceveeeieiiiieeee e 54

CCPCONL1 (Capture/Compare/PWM Control 1) .
Initialization Conditions (table) ...

INTCON (Interrupt Control).... .14
OPTION L.ttt 13
PCON (Power Control) ........cccceeriieeeniieniiieee e 17
PIE1 (Peripheral Interrupt Enable 1).........ccccccveeennne. 15
PIR1 (Peripheral Interrupt Flag 1) .......ccccovveniieenennnes 16
PMCONZ1 (Program Memory Control 1)...........ccceeeueee 27
SSPCON (Sync Serial Port Control) ........ccccceevvveveenee. 45
SSPSTAT (Synchronous Serial Port Status)............... 44

STATUS o 12
SUMMATY ... .9
TL1CON (Timerl Control).......ccovueeeeiieiiiieeeee e 31
RESET ..ottt 59, 62

Brown-out Reset (BOR). See Brown-out Reset (BOR)
MCLR RESET. See MCLR
Power-on Reset (POR). See Power-on Reset (POR)

RESET Conditions for All Registers.......

RESET Conditions for PCON Register

RESET Conditions for Program Counter .................... 65

RESET Conditions for STATUS Register.................... 65

WDT Reset. See Watchdog Timer (WDT)
REVISION HiSLOIY .....ccoiiiiiiiiiie i 123
RPO, RPL DI c.veiiiiiiiiiiie e 7
S
S e 44
Sales and SUPPOIT.....cccuuiiiiiie e 133
Slave Mode

SCL ettt et 48

SDA et 48
SLEEP ...t 59, 62, 71
SIMP e 44
Software Simulator (MPLAB SIM).......ccocooiiiiiiiniiieeiiieeee 82
Special EVENt Trgger.....ccueeoiiiiiiee e eesieiieee e essiieeeee e e 57
Special Features of the CPU..........cccoceiiiiiiiiiiiniecc e 59
Special Function Registers

PMADRH ..ottt

PMADRL ...ttt

PMCON1....

PMDATH ....

PIMDATL .ttt
SPI

Associated REgIStErS ........ueeeiviiiieieeeeeeiiee e 46
SPI Clock Edge Select bit, CKE...........cocveieiiiiiiiiieeeiieee 44
SPI Data Input Sample Phase Select bit, SMP................... 44
SPI Mode

Serial ClOCK.......oooiiiiiiie e 43

Serial Data IN ....occoeveiiii e 43

Serial Data OUt........cooueiiiiiieeiiie e 43

SIAVE SEIECE ....iiiiii e 43
sSSP

ACK e 48

AdAreSSING ..coeveieiiiie et 48

BF Dt 48

12C MOde OPEIatioN ..........oveeuervvermreeereceieeeneieeneees 48

RIW DIt o 49

RECEPHON ...ieiiie e 49

SCL CIOCK INPUL ...t 48

SSPOV Dit e 48

TraNSMISSION ....eeiiiirieeiree e 49

OVEITIOWS ... 19
UNAErflowW .....ooiueiiiiiiii e 19
START Dit, S 44
STATUS Register
DC bit......
IRP bit
PD bit......
TO bit......
STOP bit, P
Synchronous Serial Port (SSP) ....coovvvvvvivivieeiiiiieee e
OVEIVIEW ...ttt ettt e e e e ie e e enes
SPIMOE ...t
Synchronous Serial Port Enable bit, SSPEN.... .
Synchronous Serial Port Interrupt..........ccccoeeveeeiiieeeniiieenns
Synchronous Serial Port Mode Select bits,
SSPM3BISSPMO ..ottt 45
T
T2CKPSO0 DIt 36
T2CKPSL1 bit............... .. 36
T2CON (Timer2 Control) ... .. 36
TAD. e .. 56
THMEIO ..ttt 29
Clock Source Edge Select (TOSE bit).......cccccvvvveeeeenn. 13
Clock Source Select (TOCS bit).......cooveeiiiiieeiiiinens 13
External ClOCK...........ccviiiiiiiiiie e 30
([0 10=T 1 U o) PR 29
OPEIALION ..ttt ettt 29
Overflow Enable (TMROIE bit).. .14
Overflow Flag (TMROIF bit) ...... ..69
Overflow Interrupt.................. .. 69
PresCaler .......ooovviiiiiiieeee e 30
TOCKI ettt 30
Timerl
Associated RegISterS........coovivuiiiiiieeiiiieieee e 34

Asynchronous Counter Mode

Capacitor Selection. .. 33
Counter Operation .. .32
INEEITUPL e 33
Operation in Timer Mode ...........coovueiiiiiieiniiee e 32
OSCIlALON ...t 33
PresCaler .......ooooviiiiiieeeeee e 34
Resetting TMR1H, TMR1L Register Pair.................... 34
Resetting Using a CCP Trigger Output...........c..cocuuee. 33
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DSTEMP

READER RESPONSE

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

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

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: DSTEMP Literature Number: DSO0000A

Questions:

1. What are the best features of this document?

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

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

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

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

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

7. How would you improve this document?
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