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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

20MHz
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Brown-out Detect/Reset, POR, PWM, WDT
22

3.5KB (2K x 14)

FLASH

128 x 8

2V ~ 5.5V

A/D 5x8b

External

-40°C ~ 85°C (TA)
Through Hole

28-DIP (0.300", 7.62mm)
28-SPDIP
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MICROCHIP

PIC16F/2

28-Pin, 8-Bit CMOSFLASH M CU with A/D Converter

Device Included:
« PIC16F72

High Performance RISC CPU:

« Only 35 single word instructions to learn

< All single cycle instructions except for program
branches, which are two-cycle

» Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

e 2K x 14 words of Program Memory,
128 x 8 bytes of Data Memory (RAM)

« Pinout compatible to PIC16C72/72A and
PIC16F872

 Interrupt capability
» Eight-level deep hardware stack
« Direct, Indirect and Relative Addressing modes

Peripheral Features:

¢ High Sink/Source Current: 25 mA
« Timer0: 8-bit timer/counter with 8-bit prescaler

e Timerl: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

« Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

« Capture, Compare, PWM (CCP) module
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

e 8-hit, 5-channel analog-to-digital converter

e Synchronous Serial Port (SSP) with
SPI™ (Master/Slave) and 12C™ (Slave)

< Brown-out detection circuitry for
Brown-out Reset (BOR)

CMOS Technology:

* Low power, high speed CMOS FLASH technology
* Fully static design
« Wide operating voltage range: 2.0V to 5.5V
« Industrial temperature range
* Low power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagrams

PDIP, SOIC, SSOP

MCLR\VPP—=[]e1 ~ 28 <— RB7/PGD
RAO/ANO <—» ]2 27 []<—» RB6/PGC
RAL/ANL < []3 26 ]<—» RB5
RA2/AN2 <—» [ 4 25 <—» RB4

RA3/AN3/VREF =—» []5 U 240<— RB3
RA4/TOCKI < []6 O 23[J<— RB2
RA5/AN4/SS <[] 7 5  220-=—= RB1
Vss —» []8 T 21« RBO/INT
OSC1/CLKI —» []9 N 200<~— vop
OSC2/CLKO <— []10 19[] —— Vss
RCO/T10SO/T1CKI -—» []11 18] <= RC7
RCL/T10S| < []12 17[J<—» RC6
RC2/CCP1 < []13 16 ] <—» RC5/SDO
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RC1/T10SI— o
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RC3/SCK/SCL ==
RC4/SDI/SDA <>
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Special Microcontroller Features:

* 1,000 erase/write cycle FLASH program memory
typical

* Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

« Watchdog Timer (WDT) with its own on-chip
RC oscillator for reliable operation

* Programmable code protection

» Power saving SLEEP mode

e Selectable oscillator options

« In-Circuit Serial Programming™ (ICSP™) via 2 pins
* Processor read access to program memory

© 2007 Microchip Technology Inc.
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PIC16F72

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




PIC16F72

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address| Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gg”eB?R De;zig'sef’”
Bank 1
8oh® INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000 19
81h OPTION | RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 PSO  |1111 1111 13
82n@ PCL Program Counter's (PC) Least Significant Byte 0000 0000 18
83h®  |STATUS IRP | RP1 | RPO | TO | PD | z | DC C 0001 1xxx| 12
84h™) FSR Indirect Data Memory Address Pointer XXXK XXXX 19
85h TRISA = | = |PORTA Data Direction Register --11 1111 21
86h TRISB PORTB Data Direction Register 1111 1111 23
87h TRISC PORTC Data Direction Register 1111 1111 25
88h — Unimplemented — —
89h — Unimplemented — —
8Ah(12 |PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 18
8Bh(Y) INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 14
8Ch PIE1 — ADIE — — SSPIE CCP1IE | TMR2IE TMRIIE |-0-- 0000 15
8Dh — Unimplemented — —
8Eh PCON — | — | — — — | — | POR BOR [---- -- aq| 17
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 41
93h SSPADD |Synchronous Serial Port (I2C mode) Address Register 0000 0000 43,48
94h SSPSTAT | SMP | CKE | D/A P s RIW UA BF  |0000 0000 44
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h — Unimplemented — —
99h — Unimplemented — —
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh — Unimplemented — —
9Fh ADCON1 — | — | — — — | PCFG2 | PCFG1 | PCFGO |---- -000 54
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".

DS39597C-page 10
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PIC16F72

TABLE 3-3: PORTB FUNCTIONS
Name Bit# Buffer Function
RBO/INT bit 0 TTLSTD Input/output pin or external interrupt input. Internal software
programmable weak pull-up.
RB1 bit 1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit 2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3 bit 3 TTL Input/output pin. Internal software programmable weak pull-up.
RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB5 bit 5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.
RB6 bit 6 TTL/ST@ Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up. Serial programming clock.
RB7 bit 7 TTL/ST@ Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2. This buffer is a Schmitt Trigger input when used in Serial Programming mode.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
value on Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl|Bit0 POR. BOR all other
’ RESETS
06h, 106h |PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO | xxxx xxxxX | uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
81h, 181h |OPTION | RBPU \ INTEDG ‘TOCS ‘TOSE‘ PSA \ PS2 \ PS1 \ PSO | 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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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.

DS39597C-page 34
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PIC16F72

9.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

9.1 SSP Module Overview

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The SSP module can
operate in one of two modes:

« Serial Peripheral Interface (SPI)

« Inter-Integrated Circuit (I2C)

An overview of 12C operations and additional informa-
tion on the SSP module can be found in the PIC™

Mid-Range MCU Family Reference Manual
(DS33023).

Refer to Application Note AN578, “Use of the SSP
Module in the 1 2C Multi-Master Environment.”

9.2 SPI Mode

This section contains register definitions and
operational characteristics of the SPI module.

SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. To accomplish
communication, typically three pins are used:

¢ Serial Data Out (SDO) RC5/SDO
« Serial Data In (SDI) RC4/SDI/SDA
« Serial Clock (SCK) RC3/SCK/SCL

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS) RA5/AN4/SS

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>)
and SSPSTAT<7:6>. These control bits allow the
following to be specified:

« Master mode (SCK is the clock output)

< Slave mode (SCK is the clock input)

e Clock Polarity (IDLE state of SCK)

« Clock edge (output data on rising/falling edge of
SCK)

¢ Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

© 2007 Microchip Technology Inc.
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11.0 SPECIAL FEATURES OF THE
CPU

These devices have a host of features intended to max-
imize system reliability, minimize cost through elimina-
tion of external components, provide power saving
Operating modes and offer code protection:
» Oscillator Selection
« RESET
- Power-on Reset (POR)
- Power-up Timer (PWRT)
Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
* Interrupts
* Watchdog Timer (WDT)
e SLEEP
« Code Protection
 ID Locations
 In-Circuit Serial Programming

These devices have a Watchdog Timer, which can be
enabled or disabled using a configuration bit. It runs off
its own RC oscillator for added reliability.

There are two timers that offer necessary delays on
power-up. One is the Oscillator Start-up Timer (OST),
intended to keep the chip in RESET until the crystal
oscillator is stable. The other is the Power-up Timer
(PWRT), which provides a fixed delay of 72 ms (nomi-
nal) on power-up only. It is designed to keep the part in
RESET while the power supply stabilizes, and is
enabled or disabled using a configuration bit. With
these two timers on-chip, most applications need no
external RESET circuitry.

SLEEP mode is designed to offer a very low current
Power-down mode. The user can wake-up from
SLEEP through external RESET, Watchdog Timer
Wake-up, or through an interrupt.

Several oscillator options are also made available to
allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. Configuration bits are used to select the
desired oscillator mode.

Additional information on special features is available
in the PIC™ Mid-Range Reference Manual (DS33023).

11.1 Configuration Bits

The configuration bits can be programmed (read as
‘0"), or left unprogrammed (read as ‘1’), to select vari-
ous device configurations. These bits are mapped in
program memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space, which can be accessed
only during programming.

© 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.
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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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RETFIE Return from Interrupt

Syntax: [label] RETFIE

Operands: None

Operation: TOS — PC,
1 - GIE

Status Affected: None

RETLW Return with Literal in W

Syntax: [label] RETLW k

Operands: 0<k<255

Operation: k — (W);
TOS — PC

Status Affected: None

Description: The W register is loaded with the
eight-bit literal ‘k’. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.

RETURN Return from Subroutine

Syntax: [label] RETURN

Operands: None

Operation: TOS —» PC

Status Affected:  None

Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.

RLF Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘" are
rotated one bit to the left through
the Carry Flag. If ‘d’ = ‘0’, the
result is placed in the W register.
If ‘d’ = ‘1", the result is stored
back in register ‘f'.
RRF Rotate Right f through Carry
Syntax: [label] RRF f,d
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘f’ are
rotated one bit to the right through
the Carry Flag. If ‘d’ = ‘0’, the
result is placed in the W register.
If‘'d’='1", the result is placed back
in register ‘f'.
—~[C)-+[Regser }
SLEEP
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1-T0,
0—-PD
Status Affected:  TO, PD
Description: The power-down status bit, PD is

cleared. Time-out status bit, TO
is set. Watchdog Timer and its
prescaler are cleared.

The processor is put into SLEEP
mode with the oscillator stopped.

© 2007 Microchip Technology Inc.
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SUBLW Subtract W from Literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k- (W) — (W)
Status Affected: C, DC, Z
Description: The W register is subtracted (2's
complement method) from the
eight-bit literal ‘k’. The result is
placed in the W register.
SUBWF Subtract W from f
Syntax: [label] SUBWEF f,d
Operands: 0<f<127
d e [0,1]
Operation: (f) - (W) — (destination)
Status Affected: C, DC, Z
Description: Subtract (2's complement method)
W register from register ‘f'. If
‘d’ =0, the resultis stored in the W
register. If ‘'d’ = ‘1’, the result is
stored back in register ‘f’.
SWAPF Swap Nibbles in f
Syntax: [label] SWAPF fd
Operands: 0<f<127
de [0,1]
Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)
Status Affected: None
Description: The upper and lower nibbles of

register ‘f’ are exchanged. If

‘d’ =0, the result is placed in W
register. If ‘d’ = ‘1’, the result is
placed in register ‘f'.

XORLW Exclusive OR Literal with W
Syntax: [label] XORLW k
Operands: 0<k<255

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

Status Affected: z

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

XORWF Exclusive OR W with f

Syntax: [label] XORWF fd

Operands: 0<f<127

de [0,1]

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

Status Affected: Z

Description: Exclusive OR 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".
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14.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

Ambient temperature UNAET DIAS. ........oiiii ettt e et e e e e sat bt e e e e e atbeneeeeeanseeeeens -55 to +125°C
SLOrage tEMPETALUIE .......uiiiiiiiiiiiiiei e e et e e e e e e eeeeeees s s s asbenenrenee -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RAZ) .. -0.3V to (VDD + 0.3V)
Voltage 0N VDD With FESPECE 10 VSS ...uuiiiiiiiiiiiiie ettt e e e e s s e e e e ntbe e e e e eatbae e e e e satbaaaeeeas -0.3t0 +6.5V
Voltage 0N MCLR With reSPeCct t0 VSS (NOTE 2) ..........oeveeeeeeeeeeeeeeseeeeeeee e s eees e eeeee oo ee e 0to +13.5V
Voltage 0N RAZ With TESPECT 10 VSS ....uiiiiiiiiiiiie ettt e e et e e e e e st e e e e e s satb e e e e e s nteeeaeessnsaeees 0to +12V
Total power diSSIPAtION (INOTE L) ...cooeieiiie ettt ettt e e e ettt e e e s et et e e e s s s aeeeea e e saeeeeaeeannsbeeaeeeansbseeaeeaasnnneeaeaanns 1.0w
Maximum CUITENE QUL OF WSS PN w.iiiiiiiiiiiii ettt et e e et e e e e s e et e e e st e e e e e e s b et e e e e s sateeeeeensntbaeeeeantbaneas 300 mA
Maximum CUITENE INEO VDD PN ...eeieeieiiiiitee ettt e ettt e e ekttt ee e e e et et e ae e s s aeeeeeeeaameeeeeaeaansbeeeaeaannteeeaeannsbeeaeeannnaeneas 250 mA
Input clamp current, K (VI < O 0OF VI3 VDD) ..ouoiiiiieiiieeeeieeeteeeete ettt ettt ettt ettt ae et se e besseteetess b ensetesseresbeseens +20 mA

Output clamp current, lok (Vo <0 or Vo > VDD)

Maximum output current sunk by any I/O pin..................

Maximum output current sourced by any 1/O PIN ........oooiiiii e e e e et e e e e aane e e e e e neeeeae s 25 mA
Maximum current SUNK by PORTA, PORTB.......coiiiiiiiiiie ettt ettt e et a e s et e e e e e s e e e e e s sstb e e e e e snsrees 200 mA
Maximum current sourced by PORTA, PORTB ........uuiiiiiiiiiiiiie et ee ettt e e e et e e e e e s nnte e e e e eannebaeaeeannneeeas 200 mA
Maximum current SUNK DY PORTC ... ..uuiiiiiiiiiiiie et ettt e e et e e e e s st e e e e s e e e e e e s s et e e e e s asateeeeeeasntbaeeeeannnnreeas 200 mA
Maximum current SOUrCEA DY PORTC ....ccoiiiiiiiiie ettt ettt e e e e et e e e e e e e et e e e e s e saeeeeaeaanneeeaeaannsbaeaeeaannnneeas 200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD X {IDD - X IoH} + > {(VDD - VOH) x loH} + > (Vol x loL)

2: Voltage spikes at the MCLR pin may cause unpredictable results. A series resistor of greater than 1 kQ
should be used to pull MCLR to VDD, rather than tying the pin directly to VDD.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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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 14-8:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

|
RA4/TOCKI ]L
|

|
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40
!

41

42

45 -

46

47 48
TMRO or
TMR1 ><
Note: Refer to Figure 14-3 for load conditions. I
TABLE 14-4: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pf;\\lrsm Symbol Characteristic Min Typt| Max |Units Conditions
40* |TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns [Must also meet
With Prescaler 10 — | = ns |Parameter 42
41* | TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy +20 — — ns |Must also meet
With Prescaler 10 — | = ns |Parameter 42
42* | TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns [N =prescale value
20 or Jcy + 40 (2,4, ..., 256)
N
45* | TtlH T1CKI High Time [Synchronous, Prescaler = 1 0.5Tcy +20 — — ns |Must also meet
Synchronous,  |Standard(F) 15 — — ns |Parameter 47
Prescaler = 2,4,8 | Extended(LF) 25 — | = ns
Asynchronous | Standard(F) 30 — — ns
Extended(LF) 50 — — ns
46* | TtlL T1CKI Low Time |[Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous,  |Standard(F) 15 — — ns |Parameter 47
Prescaler = 2,4,8 | Extended(LF) 25 — | = ns
Asynchronous | Standard(F) 30 — — ns
Extended(LF) 50 — — ns
47* | Tt1P T1CKI Input Synchronous Standard(F) Greater of: — — ns |N=prescalevalue
Period 30 or Tcy + 40 (1, 2,4,8)
N
Extended(LF) Greater of: N = prescale value
50 or Jcy + 40 1,2,4,8)
N
Asynchronous |Standard(F) 60 — — ns
Extended(LF) 100 — — ns
Ft1 Timerl Oscillator Input Frequency Range DC — 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 | TCKEZtmrl |Delay from External Clock Edge to Timer Increment 2 Tosc — |7Tosc| —

*

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.
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15.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are
not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified oper-
ating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” represents (mean + 3c) or (mean - 30)

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

FIGURE 15-1:

TYPICAL Ibb vs. Fosc OVER Vbb (HS MODE)
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FIGURE 15-2: MAXIMUM Ipbb vs. Fosc OVER VbbD (HS MODE)
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FIGURE 15-3: TYPICAL IpD vs. Fosc OVER VDD (XT MODE)
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FIGURE 15-4: MAXIMUM Ipbb vs. Fosc OVER VbbD (XT MODE)
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28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

N

AT S B e B e B e Y e O e N e B e B e B e B e B

NOTE 1

@ g
d
4
4
4
d
d
4
4
d
d
2

Notes:

[
g JL
—~=—Db e eB
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 .120 135 .150
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1l .240 .285 .295
Overall Length 1.345 1.365 1.400
Tip to Seating Plane L 110 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width bl .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B

DS39597C-page 118

© 2007 Microchip Technology Inc.



PIC16F72

Timing Diagrams
A/D CONVEISION .....eviiiiiiiieeiiee e aiee e 105
Brown-out RESEt .......ccoviiiiiiiiicee e 96
Capture/Compare/PWM (CCP1)....
CLKO and I/O ....

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

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

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

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

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

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

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

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

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

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

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