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Welcome to E-XFL.COM

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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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DS41206B-page ii
Trademarks

The Microchip name and logo, the Microchip logo, Accuron, 
dsPIC, KEELOQ, KEELOQ logo, microID, MPLAB, PIC, 
PICmicro, PICSTART, PRO MATE, PowerSmart, rfPIC, and 
SmartShunt are registered trademarks of Microchip 
Technology Incorporated in the U.S.A. and other countries.

AmpLab, FilterLab, Linear Active Thermistor, Migratable 
Memory, MXDEV, MXLAB, PS logo, SEEVAL, SmartSensor 
and The Embedded Control Solutions Company are 
registered trademarks of Microchip Technology Incorporated 
in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard, 
dsPICDEM, dsPICDEM.net, dsPICworks, ECAN, 
ECONOMONITOR, FanSense, FlexROM, fuzzyLAB, 
In-Circuit Serial Programming, ICSP, ICEPIC, Mindi, MiWi, 
MPASM, MPLAB Certified logo, MPLIB, MPLINK, PICkit, 
PICDEM, PICDEM.net, PICLAB, PICtail, PowerCal, 
PowerInfo, PowerMate, PowerTool, REAL ICE, rfLAB, 
rfPICDEM, Select Mode, Smart Serial, SmartTel, Total 
Endurance, UNI/O, WiperLock and ZENA are trademarks of 
Microchip Technology Incorporated in the U.S.A. and other 
countries.

SQTP is a service mark of Microchip Technology Incorporated 
in the U.S.A.

All other trademarks mentioned herein are property of their 
respective companies.

© 2007, Microchip Technology Incorporated, Printed in the 
U.S.A., All Rights Reserved.

 Printed on recycled paper.
© 2007 Microchip Technology Inc.

Microchip received ISO/TS-16949:2002 certification for its worldwide 
headquarters, design and wafer fabrication facilities in Chandler and 
Tempe, Arizona, Gresham, Oregon and Mountain View, California. The 
Company’s quality system processes and procedures are for its PIC® 

MCUs and dsPIC® DSCs, KEELOQ® code hopping devices, Serial 
EEPROMs, microperipherals, nonvolatile memory and analog 
products. In addition, Microchip’s quality system for the design and 
manufacture of development systems is ISO 9001:2000 certified.



PIC16F716

TABLE 1-1: PIC16F716 PINOUT DESCRIPTION 

Name Function Input Type Output Type Description

MCLR/VPP MCLR ST — Master clear (Reset) input. This pin is an active-low Reset to 
the device.

VPP P — Programming voltage input
OSC1/CLKIN OSC1 XTAL — Oscillator crystal input 

CLKIN CMOS — External clock source input
CLKIN ST — RC Oscillator mode

OSC2/CLKOUT OSC2 XTAL — Oscillator crystal output. Connects to crystal or resonator in 
Crystal Oscillator mode.

CLKOUT — CMOS In RC mode, OSC2 pin outputs CLKOUT which has 1/4 the 
frequency of OSC1, and denotes the instruction cycle rate. 

RA0/AN0 RA0 TTL CMOS Bidirectional I/O
AN0 AN — Analog Channel 0 input

RA1/AN1 RA1 TTL CMOS Bidirectional I/O
AN1 AN — Analog Channel 1 input

RA2/AN2 RA2 TTL CMOS Bidirectional I/O
AN2 AN — Analog Channel 2 input

RA3/AN3/VREF RA3 TTL CMOS Bidirectional I/O
AN3 AN — Analog Channel 3 input
VREF AN — A/D reference voltage input

RA4/T0CKI RA4 ST OD Bidirectional I/O. Open drain when configured as output.
T0CKI ST — Timer0 external clock input

RB0/INT/ECCPAS2 RB0 TTL CMOS Bidirectional I/O. Programmable weak pull-up.
INT ST — External Interrupt

ECCPAS2 ST — ECCP Auto-Shutdown pin
RB1/T1OSO/T1CKI RB1 TTL CMOS Bidirectional I/O. Programmable weak pull-up.

T1OSO — XTAL Timer1 oscillator output. Connects to crystal in Oscillator 
mode.

T1CKI ST — Timer1 external clock input
RB2/T1OSI RB2 TTL CMOS Bidirectional I/O. Programmable weak pull-up.

T1OSI XTAL — Timer1 oscillator input. Connects to crystal in Oscillator mode.
RB3/CCP1/P1A RB3 TTL CMOS Bidirectional I/O. Programmable weak pull-up.

CCP1 ST CMOS Capture1 input, Compare1 output, PWM1 output.
P1A — CMOS PWM P1A output

RB4/ECCPAS0 RB4 TTL CMOS Bidirectional I/O. Programmable weak pull-up. Interrupt-on-
change.

ECCPAS0 ST — ECCP Auto-Shutdown pin
RB5/P1B RB5 TTL CMOS Bidirectional I/O. Programmable weak pull-up. Interrupt-on-

change. 
P1B — CMOS PWM P1B output

RB6/P1C RB6 TTL CMOS Bidirectional I/O. Programmable weak pull-up. Interrupt-on-
change. ST input when used as ICSP programming clock.

P1C — CMOS PWM P1C output
RB7/P1D RB7 TTL CMOS Bidirectional I/O. Programmable weak pull-up. Interrupt-on-

change. ST input when used as ICSP programming data.
P1D — CMOS PWM P1D output

VSS VSS P — Ground reference for logic and I/O pins.
VDD VDD P — Positive supply for logic and I/O pins.
Legend: I = Input AN = Analog input or output OD = Open drain

O = Output TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels
P = Power XTAL = Crystal CMOS = CMOS compatible input or output
DS41206B-page 6 © 2007 Microchip Technology Inc.



PIC16F716

2.2.2.1 STATUS Register
The STATUS register, shown in Register 2-1, contains
the arithmetic status of the ALU, the Reset status and
the bank select bits for data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended. 

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u u1uu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any Status bits, see the
“Instruction Set Summary.” 

             

Note 1: The PIC16F716 does not use bits IRP
and RP1 of the STATUS register. Main-
tain these bits clear to ensure upward
compatibility with future products.

2: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in
subtraction.

REGISTER 2-1: STATUS: STATUS REGISTER

Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RP0 TO PD Z DC C

bit 7 bit 0

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

bit 7 IRP: This bit is reserved and should be maintained as ‘0’
bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit 5 RP0: Register Bank Select bit (used for direct addressing)

1 = Bank 1 (80h-FFh)
0 = Bank 0 (00h-7Fh)

bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred

bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions), For Borrow, the polarity is 
reversed.
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/Borrow bit(1) (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the sec-
ond operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order bit 
of the source register.
© 2007 Microchip Technology Inc. DS41206B-page 11
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2.2.2.5 PIR1 Register
This register contains the individual flag bits for the
peripheral interrupts.

             

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-5: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

U-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
— ADIF — — — CCP1IF TMR2IF TMR1IF

bit 7 bit 0

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

bit 7 Unimplemented: Read as ‘0’
bit 6 ADIF: A/D Interrupt Flag bit 

1 = A/D conversion complete
0 = A/D conversion has not completed or has not been started

bit 5-3 Unimplemented: Read as ‘0’
bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

bit 1 TMR2IF: Timer2 to PR2 Match Interrupt Flag bit
1 = Timer2 to PR2 match occurred (must be cleared in software)
0 = Timer2 to PR2 match has not occurred

bit 0 TMR1IF: Timer1 Overflow Interrupt Flag bit
1 = Timer1 register overflowed (must be cleared in software)
0 = Timer1 has not overflowed
© 2007 Microchip Technology Inc. DS41206B-page 15
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2.3 PCL and PCLATH
The Program Counter (PC) is 13 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC<12:8>) is not directly
readable or writable and comes from PCLATH. On any
Reset, the PC is cleared. Figure 2-3 shows the two
situations for the loading of the PC. The upper example
in Figure 2-3 shows how the PC is loaded on a write to
PCL (PCLATH<4:0> → PCH). The lower example in
Figure 2-3 shows how the PC is loaded during a CALL or
GOTO instruction (PCLATH<4:3> → PCH).

2.3.1 MODIFYING PCL
Executing any instruction with the PCL register as the
destination simultaneously causes the Program
Counter PC<12:8> bits (PCH) to be replaced by the
contents of the PCLATH register. This allows the entire
contents of the program counter to be changed by
writing the desired upper 5 bits to the PCLATH register.
When the lower 8 bits are written to the PCL register, all
13 bits of the program counter will change to the values
contained in the PCLATH register and those being
written to the PCL register.

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). Care should be
exercised when jumping into a look-up table or
program branch table (computed GOTO) by modifying
the PCL register. Assuming that PCLATH is set to the
table start address, if the table length is greater than
255 instructions or if the lower 8 bits of the memory
address rolls over from 0xFF to 0x00 in the middle of
the table, then PCLATH must be incremented for each
address rollover that occurs between the table
beginning and the target location within the table.

For more information refer to Application Note AN556,
“Implementing a Table Read” (DS00556).

2.3.2 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 bit of the address is provided by
PCLATH<3>. When doing a CALL or GOTO instruction,
the user must ensure that the page select bit is
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<3> bit is not required for the RETURN
instructions (which POPs the address from the stack).

FIGURE 2-3: LOADING OF PC IN 
DIFFERENT SITUATIONS

2.4 Stack
The stack allows a combination of up to 8 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 PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed 8 times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

Instruction with
PCL as
Destination8

ALU

12 0

11
Opcode <10:0>

GOTO, CALL

PCLATH<4:3> 

PCLATH

PCLATH

8 7

PCLATH<4:0> 

12 1110 8 7 0
PCH PCL

PCH PCL

5

2

© 2007 Microchip Technology Inc. DS41206B-page 17



PIC16F716
3.0 I/O PORTS
Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose I/O pin.

3.1 PORTA and the TRISA Register
PORTA is a 5-bit wide bidirectional port. The
corresponding data direction register is TRISA. Setting
a TRISA bit (= 1) will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a High-impedance mode). Clearing a TRISA bit (= 0)
will make the corresponding PORTA pin an output (i.e.,
put the contents of the output latch on the selected pin). 

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

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/T0CKI pin. The RA4/T0CKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

PORTA pins, RA<3:0>, are multiplexed with analog
inputs and analog VREF input. The operation of each
pin is selected by clearing/setting the control bits in the
ADCON1 register (A/D Control Register 1).   

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

EXAMPLE 3-1: INITIALIZING PORTA

FIGURE 3-1: BLOCK DIAGRAM OF 
RA<3:0> 

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

Note: Setting RA3:0 to output while in Analog
mode will force pins to output contents of
data latch. 

BCF STATUS, RP0 ;
CLRF PORTA ;Initialize PORTA by

;clearing output
;data latches

BSF STATUS, RP0 ;Select Bank 1
MOVLW 0xEF ;Value used to 

;initialize data 
;direction

MOVWF TRISA ;Set RA<3:0> as inputs
;RA<4> as outputs 

BCF STATUS, RP0 ;Return to Bank 0

DATA
BUS

QD

QCK

QD

Q

Q D

EN

P

N

WR
PORT

WR
TRIS

Data Latch

TRIS Latch

RD TRIS

RD PORT

VSS

VDD

I/O pin

Analog
Input
mode

TTL
Input
Buffer

To A/D Converter 

VSS

VDD
CK
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FIGURE 3-4: BLOCK DIAGRAM OF RB1/T1OSO/T1CKI PIN 

FIGURE 3-5: BLOCK DIAGRAM OF RB2/T1OSI PIN 

QD

QCK

QD

QCK

TTL Buffer

TRIS Latch

Data Latch

RB1/T1OSO/T1CKI
DATA BUS

WR PORTB 

WR TRISB

T1OSCEN

RD PORTB

T1OSI (From RB2)

To Timer1 clock input

P

VDD

weak
pull-up

RBPU(1)
T1OSCEN

VSS

 VDD

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).

RD TRISB

DQ

EN

TMR1 oscillator

ST Buffer

P

VDD

weak
pull-up

QD

QCK

QD

QCK

TTL Buffer

TRIS Latch

Data Latch
DATA BUS

WR PORTB

WR TRISB

T1OSCEN

RD PORTB

RB2/T1OSI

RBPU(1)
T1OSCEN

VSS

 VDD

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION register).

RD TRIS

DQ

EN

T1OSO (To RB1)
TMR1
Oscillator
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4.0 TIMER0 MODULE
The Timer0 module is an 8-bit timer/counter with the
following features:

• 8-bit timer/counter register (TMR0)
• 8-bit prescaler (shared with Watchdog Timer)
• Programmable internal or external clock source
• Programmable external clock edge selection
• Interrupt on overflow

Figure 4-1 is a block diagram of the Timer0 module.

4.1 Timer0 Operation
When used as a timer, the Timer0 module can be used
as either an 8-bit timer or an 8-bit counter.

4.1.1 8-BIT TIMER MODE
When used as a timer, the Timer0 module will
increment every instruction cycle (without prescaler).
Timer mode is selected by clearing the T0CS bit of the
OPTION register to ‘0’.

When TMR0 is written, the increment is inhibited for
two instruction cycles immediately following the write. 

4.1.2 8-BIT COUNTER MODE
When used as a counter, the Timer0 module will
increment on every rising or falling edge of the T0CKI
pin. The incrementing edge is determined by the T0SE
bit of the OPTION register. Counter mode is selected by
setting the T0CS bit of the OPTION register to ‘1’. 

FIGURE 4-1: BLOCK DIAGRAM OF THE TIMER0/WDT PRESCALER 

Note: The value written to the TMR0 register can
be adjusted, in order to account for the two
instruction cycle delay when TMR0 is
written.

T0CKI

T0SE
pin

TMR0 

Watchdog
Timer

WDT
Time-out

PS<2:0>
WDTE

Data Bus

Set Flag bit T0IF
on Overflow

T0CS

Note 1: T0SE, T0CS, PSA, PS<2:0> are bits in the OPTION register.
2: WDTE bit is in the Configuration Word register.

0

1

0

1

0

1

8

8

8-bit
Prescaler

0

1

FOSC/4

PSA

PSA

PSA
31 kHz

INTOSC

Sync
2 TCY
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6.0 TIMER2 MODULE
The Timer2 module is an 8-bit timer with the following
features: 

• 8-bit timer register (TMR2)
• 8-bit period register (PR2)
• Interrupt on TMR2 match with PR2
• Software programmable prescaler (1:1, 1:4, 1:16)
• Software programmable postscaler (1:1 to 1:16)

See Figure 6-1 for a block diagram of Timer2.

6.1 Timer2 Operation
The clock input to the Timer2 module is the system
instruction clock (FOSC/4). The clock is fed into the
Timer2 prescaler, which has prescale options of 1:1,
1:4 or 1:16. The output of the prescaler is then used to
increment the TMR2 register.

The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match occurs, two things happen:

• TMR2 is reset to 00h on the next increment cycle
• The Timer2 postscaler is incremented

The match output of the Timer2/PR2 comparator is
then fed into the Timer2 postscaler. The postscaler has
postscale options of 1:1 to 1:16 inclusive. The output of
the Timer2 postscaler is used to set the TMR2IF
interrupt flag bit in the PIR2 register.

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR2ON bit in the
T2CON register to a ‘1’. Timer2 is turned off by clearing
the TMR2ON bit to a ‘0’.

The Timer2 prescaler is controlled by the T2CKPS bits
in the T2CON register. The Timer2 postscaler is
controlled by the TOUTPS bits in the T2CON register.
The prescaler and postscaler counters are cleared
when:

• A write to TMR2 occurs.
• A write to T2CON occurs.
• Any device Reset occurs (Power-on Reset, MCLR 

Reset, Watchdog Timer Reset, or Brown-out 
Reset).

FIGURE 6-1: TIMER2 BLOCK DIAGRAM       

Note: TMR2 is not cleared when T2CON is
written.

Comparator

TMR2 Sets Flag

TMR2

Output

Reset

Postscaler

Prescaler

PR2

2

FOSC/4

1:1 to 1:16

1:1, 1:4, 1:16

EQ

4

bit TMR2IF

TOUTPS<3:0>

T2CKPS<1:0>
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FIGURE 7-2: ANALOG INPUT MODEL        

FIGURE 7-3: ADC TRANSFER FUNCTION

CPINVA

Rs ANx

5 pF

VDD

VT = 0.6V

VT = 0.6V ILEAKAGE(1)

RIC ≤ 1k

Sampling
Switch
SS Rss

CHOLD = 10 pF

VSS

6V

Sampling Switch

5V
4V
3V
2V

5 6 7 8 9 10 11

(kΩ)

VDD

Legend: CPIN
VT
I LEAKAGE

RIC
SS
CHOLD

= Input Capacitance
= Threshold Voltage
= Leakage current at the pin due to

= Interconnect Resistance
= Sampling Switch
= Sample/Hold Capacitance

various junctions

RSS

Note 1: See Section 12.0 “Electrical Characteristics”.
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A
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C
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e

FDh
FCh
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Full-Scale

FBh

1 LSB ideal

VSS Zero-Scale
Transition

VDD/VREF+

Transition

1 LSB ideal

Full-Scale Range

Analog Input Voltage
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NOTES:
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8.3.4 OPERATION IN SLEEP MODE
In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the CCP1
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMR2 will continue from its
previous state.

8.3.5 CHANGES IN SYSTEM CLOCK 
FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency.

8.3.6 EFFECTS OF RESET
Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

8.3.7 SETUP FOR PWM OPERATION
The following steps should be taken when configuring
the CCP module for PWM operation:

1. Disable the PWM pin (CCP1) output drivers by
setting the associated TRIS bit.

2. Set the PWM period by loading the PR2 register.
3. Configure the CCP module for the PWM mode

by loading the CCP1CON register with the
appropriate values.

4. Set the PWM duty cycle by loading the CCPR1L
register and DC1B bits of the CCP1CON register.

5. Configure and start Timer2:
• Clear the TMR2IF interrupt flag bit of the 

PIR1 register.
• Set the Timer2 prescale value by loading the 

T2CKPS bits of the T2CON register.
• Enable Timer2 by setting the TMR2ON bit of 

the T2CON register.
6. Enable PWM output after a new PWM cycle has

started:
• Wait until Timer2 overflows (TMR2IF bit of 

the PIR1 register is set).
• Enable the CCP1 pin output driver by 

clearing the associated TRIS bit.
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9.10.1 INT INTERRUPT
External interrupt on RB0/INT pin is edge triggered,
either rising if bit INTEDG of the OPTION register is set,
or falling if the INTEDG bit is clear. When a valid edge
appears on the RB0/INT pin, flag bit INTF of the
INTCON register is set. This interrupt can be disabled
by clearing enable bit INTE of the INTCON register.
Flag bit INTF must be cleared in software in the Inter-
rupt Service Routine before re-enabling this interrupt.
The INT interrupt can wake-up the processor from
Sleep, if bit INTE was set prior to going into Sleep. The
status of global interrupt enable bit GIE decides
whether or not the processor branches to the interrupt
vector following wake-up. See Section 9.13
“Power-down Mode (Sleep)” for details on Sleep
mode.

9.10.2 TMR0 INTERRUPT
An overflow (FFh → 00h) in the TMR0 register will set
flag bit T0IF of the INTCON register. The interrupt can
be enabled/disabled by setting/clearing enable bit
T0IE of the INTCON register. (Section 4.0 “Timer0
Module”).

9.10.3 PORTB INTCON CHANGE
An input change on PORTB<7:4> sets flag bit RBIF of
the INTCON register. The interrupt can be
enabled/disabled by setting/clearing enable bit RBIE of
the INTCON register. (Section 3.2 “PORTB and the
TRISB Register”).

9.11 Context Saving During Interrupts
During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt, (i.e., W register and
STATUS register). This will have to be implemented in
firmware.

Example 9-1 stores and restores the W, STATUS,
PCLATH and FSR registers. Context storage registers,
W_TEMP, STATUS_TEMP, PCLATH_TEMP and
FSR_TEMP, must be defined in Common RAM which
are those addresses between 70h-7Fh in Bank 0 and
between F0h-FFh in Bank 1.

The example:

a) Stores the W register.
b) Stores the STATUS register in Bank 0.
c) Stores the PCLATH register.
d) Stores the FSR register.
e) Executes the Interrupt Service Routine code

(User-generated).
f) Restores all saved registers in reverse order

from which they were stored.

EXAMPLE 9-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM 

MOVWF W_TEMP ;Copy W to TEMP register, could be bank one or zero
SWAPF STATUS,W ;Swap status to be saved into W 
MOVWF STATUS_TEMP ;Save status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWF PCLATH_TEMP ;Save PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page
BCF STATUS, IRP ;Return to Bank 0
MOVF FSR, W ;Copy FSR to W
MOVWF FSR_TEMP ;Copy FSR from W to FSR_TEMP
:
:(ISR)
:
MOVF FSR_TEMP,W ;Restore FSR
MOVWF FSR ;Move W into FSR
MOVF PCLATH_TEMP, W ;Restore PCLATH
MOVWF PCLATH ;Move W into PCLATH
SWAPF STATUS_TEMP,W ;Swap STATUS_TEMP register into W 
MOVWF STATUS ;Move W into STATUS register
SWAPF W_TEMP,F ;Swap W_TEMP
SWAPF W_TEMP,W ;Swap W_TEMP into W
RETFIE ;Return from interrupt and enable GIE
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TABLE 10-2: PIC16F716 INSTRUCTION SET   

Mnemonic,
Operands Description Cycles

14-Bit Opcode Status
Affected Notes

MSb LSb

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF
ANDWF
CLRF
CLRW
COMF
DECF
DECFSZ
INCF
INCFSZ
IORWF
MOVF
MOVWF
NOP
RLF
RRF
SUBWF
SWAPF
XORWF

f, d
f, d

f
–

f, d
f, d
f, d
f, d
f, d
f, d
f, d

f
–

f, d
f, d
f, d
f, d
f, d

Add W and f
AND W with f
Clear f
Clear W
Complement f
Decrement f
Decrement f, Skip if 0
Increment f
Increment f, Skip if 0
Inclusive OR W with f
Move f
Move W to f
No Operation
Rotate Left f through Carry
Rotate Right f through Carry
Subtract W from f
Swap nibbles in f
Exclusive OR W with f

1
1
1
1
1
1

1(2)
1

1(2)
1
1
1
1
1
1
1
1
1

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0111
0101
0001
0001
1001
0011
1011
1010
1111
0100
1000
0000
0000
1101
1100
0010
1110
0110

dfff
dfff
lfff
0xxx
dfff
dfff
dfff
dfff
dfff
dfff
dfff
lfff
0xx0
dfff
dfff
dfff
dfff
dfff

ffff
ffff
ffff
xxxx
ffff
ffff
ffff
ffff
ffff
ffff
ffff
ffff
0000
ffff
ffff
ffff
ffff
ffff

C, DC, Z
Z
Z
Z
Z
Z

Z

Z
Z

C
C

C, DC, Z

Z

1, 2
1, 2

2

1, 2
1, 2

1, 2, 3
1, 2

1, 2, 3
1, 2
1, 2

1, 2
1, 2
1, 2
1, 2
1, 2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF
BSF
BTFSC
BTFSS

f, b
f, b
f, b
f, b

Bit Clear f
Bit Set f
Bit Test f, Skip if Clear
Bit Test f, Skip if Set

1
1

1 (2)
1 (2)

01
01
01
01

00bb
01bb
10bb
11bb

bfff
bfff
bfff
bfff

ffff
ffff
ffff
ffff

1, 2
1, 2

3
3

LITERAL AND CONTROL OPERATIONS
ADDLW
ANDLW
CALL
CLRWDT
GOTO
IORLW
MOVLW
RETFIE
RETLW
RETURN
SLEEP
SUBLW
XORLW

k
k
k
–
k
k
k
–
k
–
–
k
k

Add literal and W
AND literal with W
Call Subroutine
Clear Watchdog Timer
Go to address
Inclusive OR literal with W
Move literal to W
Return from interrupt
Return with literal in W
Return from Subroutine
Go into Standby mode
Subtract W from literal
Exclusive OR literal with W

1
1
2
1
2
1
1
2
2
2
1
1
1

11
11
10
00
10
11
11
00
11
00
00
11
11

111x
1001
0kkk
0000
1kkk
1000
00xx
0000
01xx
0000
0000
110x
1010

kkkk
kkkk
kkkk
0110
kkkk
kkkk
kkkk
0000
kkkk
0000
0110
kkkk
kkkk

kkkk
kkkk
kkkk
0100
kkkk
kkkk
kkkk
1001
kkkk
1000
0011
kkkk
kkkk

C, DC, Z
Z

TO, PD

Z

TO, PD
C, DC, Z

Z
Note 1: When an I/O register is modified as a function of itself (e.g., MOVF GPIO, 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 TMR0 register (and where applicable, d = 1), the prescaler will be cleared if 
assigned to the Timer0 module.

3: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second 
cycle is executed as a NOP.
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FIGURE 12-9: CAPTURE/COMPARE/PWM TIMINGS(1) 

TABLE 12-6: CAPTURE/COMPARE/PWM REQUIREMENTS 
Param 

No. Sym Characteristic Min Typ† Max Units Conditions

50* TccL CCP1 input low 
time

No Prescaler 0.5TCY + 20 — — ns

With Prescaler Standard 10 — — ns

51* TccH CCP1 input high 
time

No Prescaler 0.5TCY + 20 — — ns

With Prescaler Standard 10 — — ns

52* TccP CCP1 input period 3TCY + 40
N

— — ns N = prescale 
value (1,4, or 
16)

53* TccR CCP1 output rise time Standard — 10 40 ns

53A* Extended — — 80 ns

54* TccF CCP1 output fall time Standard — 10 40 ns

54A* Extended — — 80 ns

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance 

only and are not tested.

Note 1: Refer to Figure 12-3 for load conditions.

CCP1
(Capture Mode)

50 51

52

CCP1

53 54
(Compare or PWM Mode)
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FIGURE 13-2: MAXIMUM IDD vs. FOSC OVER VDD (EC MODE)

FIGURE 13-3: TYPICAL IDD vs. FOSC OVER VDD (HS MODE)

EC Mode
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D

 (m
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)

 5.5V
Typical: Statistical Mean @25°C
Maximum: Mean (Worst-case Temp) + 3σ
(-40°C to 125°C)

Typical IDD vs. FOSC Over Vdd
HS Mode

3.0V
3.5V
4.0V

4.5V

5.0V

5.5V

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
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D
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A

)

 
Typical: Statistical Mean @25°C
Maximum: Mean (Worst-case Temp) + 3σ
(-40°C to 125°C)
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FIGURE 13-19: VOH vs. IOH OVER TEMPERATURE (VDD = 3.0V)

FIGURE 13-20: VOH vs. IOH OVER TEMPERATURE (VDD = 5.0V)
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14.2 Package Details
The following sections give the technical details of the packages.

18-Lead Plastic Dual In-Line (P) – 300 mil Body [PDIP]

 

Notes:
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.

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

Units INCHES

Dimension Limits MIN NOM MAX

Number of Pins N 18

Pitch e .100 BSC

Top to Seating Plane A – – .210

Molded Package Thickness A2 .115 .130 .195

Base to Seating Plane A1 .015 – –

Shoulder to Shoulder Width E .300 .310 .325

Molded Package Width E1 .240 .250 .280

Overall Length D .880 .900 .920

Tip to Seating Plane L .115 .130 .150

Lead Thickness c .008 .010 .014

Upper Lead Width b1 .045 .060 .070

Lower Lead Width b .014 .018 .022

Overall Row Spacing  § eB – – .430

NOTE 1

N

E1

D

1 2 3

A

A1

A2

L

E

eB

c

e

b1

b

Microchip Technology Drawing C04-007B
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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: Technical Publications Manager

RE: Reader Response
Total Pages Sent ________

From: Name

Company
Address
City / State / ZIP / Country

Telephone: (_______) _________ - _________

Application (optional):

Would you like a reply?       Y         N

Device: Literature Number: 

Questions:

FAX: (______) _________ - _________

DS41206BPIC16F716

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. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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