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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 -
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13
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External
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18-SOIC
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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 CMOSs — External clock source input
CLKIN ST — RC Oscillator mode
OSC2/CLKOUT 0OSC2 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.
RAO/ANO RAO TTL CMOS Bidirectional I/O
ANO 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 1/0
AN3 AN — Analog Channel 3 input
VREF AN — A/D reference voltage input
RA4/TOCKI RA4 ST oD Bidirectional I/0O. Open drain when configured as output.
TOCKI ST — Timer0 external clock input
RBO/INT/ECCPAS2 RBO TTL CMOS Bidirectional I/0. Programmable weak pull-up.
INT ST — External Interrupt
ECCPAS2 ST — ECCP Auto-Shutdown pin
RB1/T10SO/T1CKI RB1 TTL CMOS Bidirectional 1/0. Programmable weak pull-up.
T10SO — XTAL Timer1 oscillator output. Connects to crystal in Oscillator
mode.
T1CKI ST — Timer1 external clock input
RB2/T10SI RB2 TTL CMOS Bidirectional I/O. Programmable weak pull-up.
T10SI XTAL — Timer1 oscillator input. Connects to crystal in Oscillator mode.
RB3/CCP1/P1A RB3 TTL CMOS Bidirectional 1/0. Programmable weak pull-up.
CCP1 ST CMOS Capture1 input, Compare1 output, PWM1 output.
P1A — CMOS PWM P1A output
RB4/ECCPASO RB4 TTL CMOS Bidirectional I/0. Programmable weak pull-up. Interrupt-on-
change.
ECCPASO 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 1/0O pins.
VDD VDD P — Positive supply for logic and 1/O pins.
Legend: | =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

2.2.21 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

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

intended. subtraction.
For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).
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 RPO 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 RPO: 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{") (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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2225 PIR1 Register

Note: Interrupt flag bits get set when an interrupt
This register contains the individual flag bits for the condition occurs, regardless of the state of
peripheral interrupts. 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

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

— ADIF — — | — | ccriF TMR2IF | TMRI1IF
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 TMRA1IF: 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).

2.31 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 OxFF 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 CcALL 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 wupper 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

PCH PCL
12 87 0 Instruction with
| f | PCLas

I n .
PCLATH<4:0> 8 Destination
z ALU

PCLATH

PCH PCL
12 1110 87 0
| | | | GOTO, CALL

. 1
PCLATH<4:3> ﬂ:/: Opcode <10:0>

LI T T TTT]

PCLATH

24 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).

© 2007 Microchip Technology Inc.
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3.0 1/OPORTS

Some pins for these /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 b5-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/TOCKI pin. The RA4/TOCKI
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
ADCONT1 register (A/D Control Register 1).

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

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.

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

EXAMPLE 3-1:

INITIALIZING PORTA

BCF STATUS, RPO
CLRF PORTA

BSF STATUS, RPO
MOVLW OxXEF

MOVWF TRISA

;Initialize PORTA by
;clearing output

;data latches

;Select Bank 1

;Value used to
;initialize data
;direction

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

BCF STATUS, RPO ;Return to Bank 0
FIGURE 3-1: BLOCK DIAGRAM OF
RA<3:0>
DATA
BUS D Q
VDD
WR _ VDD
PORT— CK™ Q _D_d =
Data Latch -—|X|
WR
TRIS— CKT\_Q Vss  Vss
TRIS Latch Analog
Input
mode
RD TRIS TTL
Input
Buffer
1Q D
EN

RD PORT >

To A/D Converter

-€

© 2007 Microchip Technology Inc.
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FIGURE 3-4: BLOCK DIAGRAM OF RB1/T10SO/T1CKI PIN

RBPOM
T10osceN RBPUZ
e I

VDD
DATA BUS Data Latch
D Q RB1/T10SO/T1CKI
WR PORTB ck~Q
TRIS Latch
D Q Vss
WR TRISB ck\a

¢:< b—
RD TRISB
T10SCEN {>c

TTL Buffer

EN
RD PORTB

T10SI (From RB2)

\

TMR1 oscillator
To Timer1 clock input /_/I

R

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

FIGURE 3-5: BLOCK DIAGRAM OF RB2/T10SI PIN
VDD
(1)
T10SCEN RBPUE > weak
pull-up VDD
Data Latch
DATA BUS D Q RB2/T10SI
WR PORTB cKLa
TRIS Latch
— D Q Vss
WR TRISB cK™_a
L
RD TRIS
T10SCEN {>c )\
TTL Buffer
Q D g

T10SO (To RB1) Oscillator

EN H)<]_‘
RD PORTB . MR

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

DS41206B-page 22 © 2007 Microchip Technology Inc.
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4.0 TIMERO MODULE

The TimerO0 module is an 8-bit timer/counter with the
following features:

 8-bit timer/counter register (TMRO)

« 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 TimerO 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.

411 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 TOCS bit of the
OPTION register to ‘0’.

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

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

41.2 8-BIT COUNTER MODE

When used as a counter, the Timer0 module will
increment on every rising or falling edge of the TOCKI
pin. The incrementing edge is determined by the TOSE
bit of the OPTION register. Counter mode is selected by
setting the TOCS bit of the OPTION register to ‘1’.

FIGURE 4-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
Fosc/4
Data Bus
0
8
® 1 \
L S VY
1 2 Tey v
TOCKI 0
pin
ToCS - Set Flag bit TOIF
TOSE 8-bit on Overflow
Prescaler PSA
b
8
PSA
WDTE
PS<2:0> 1
| —» WDT
Time-out
0
31 kHz Watchdog J
INTOSC Timer PSA
Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION register.
2: WDTE bit is in the Configuration Word register.

© 2007 Microchip Technology Inc.
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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.

FIGURE 6-1: TIMER2 BLOCK DIAGRAM

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 TMR20ON bit in the
T2CON registerto 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).

Note: TMR2 is not cleared when T2CON is
written.

Prescaler
1:1,1:4, 1:16

e

T2CKPS<1:0>

Fosc/4 —————»|

Sets Flag
bit TMR2IF

A

TMR2
Output

Postscaler

1:1to0 1:16

}s

TOUTPS<3:0>

© 2007 Microchip Technology Inc.
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FIGURE 7-2: ANALOG INPUT MODEL
VDD
Sampling
e AN % vizoev _s_;"_'t?r] _.
: Rs IC < ' Rss !
: ‘\N\'—:—& AW : -D; :
: . CPIN _ (1) -
. @ " 5pF T VT = 0.6Vc>|LEAKAGE CHOLD = 10 pF
— ? _T_ l Vss
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
| LEAKAGE = Leakage current at the pin due to
various junctions
Ric = Interconnect Resistance
. . 567891011
SS = Sampllng Switch Sampllng Switch
CHOLD = Sample/Hold Capacitance (kQ)

Note 1: See Section 12.0 “Electrical Characteristics”.

FIGURE 7-3: ADC TRANSFER FUNCTION

Full-Scale Range

FFh
FEh
FDh
FCh
FBh

~— 1 LSB ideal

A ____ Full-Scale
04h - Transition
03h -
02h -
01h -

00h

4»‘ L— 1 LSB ideal T
Vss Zero-Scale VDD/VREF+

Transition

ADC Output Code

> 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. Setthe 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. Setthe 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 RBO/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 RBO/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 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF of the INTCON register. The interrupt can
be enabled/disabled by setting/clearing enable bit
TOIE 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 FOh-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 ;jSave status to bank zero STATUS TEMP register
MOVF PCLATH, W ;Oonly 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
MOVWE 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, L. 14-Bit Opcode Status
Description Cycles 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 XXXX Z
COMF f,d Complement f 1 00 1001 dfff ffff Z 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff V4 1,2
DECFSZz f, d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
INCF f,d Increment f 1 00 1010 dfff ffff Z 1,2
INCFSZ f, d Increment f, Skip if 0 1(2) 00 1111 dfff ffff 1,2,3
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 dfff f£fff 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 dfff ffff| C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff V4 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 O0lbb 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 o0100| 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 o0011| 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 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’.

If this instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if

assigned to the TimerO module.
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(")
CCP1
(Capture Mode)—m
' 50 - 51 —= !

:q— 5 —mm

CCP1 % | : 3’;

(Compare or PWM Mode) :

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

TABLE 12-6: CAPTURE/COMPARE/PWM REQUIREMENTS

P:lr:.m Sym Characteristic Min Typt| Max | Units| Conditions
50* TecL |CCP1 input low [No Prescaler 0.5Tcy+20 | — | — ns
time With Prescaler ‘Standard 10 — | — | ns
51* TecH |CCP1 input high [No Prescaler 0.5Tcy+20 | — | — ns
time With Prescaler ‘Standard 10 — | — | ns
52* TecP |CCP1 input period 3Tcy +40 — | — ns |N = prescale
N 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.
1 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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FIGURE 13-2:

MAXIMUM Ipp vs. Fosc OVER Vbp (EC MODE)
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FIGURE 13-3: TYPICAL Ipp vs. Fosc OVER Vbb (HS MODE)
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FIGURE 13-19: VoH vs. loH OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 13-20: VOH vs. loH 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]

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

A ek A e Wk e

NOTE 1
N

~ IR bz

|

[

>

}7

A1 —
— b1
b — | & |——— eB —=

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 Al .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1l .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 bl .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

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.

Microchip Technology Drawing C04-007B

DS41206B-page 122 © 2007 Microchip Technology Inc.



PIC16F716

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 Total Pages Sent

RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16F716 Literature Number: DS41206B
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. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?

DS41206B-page 128 © 2007 Microchip Technology Inc.



MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://support.microchip.com
Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, MI
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Habour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Fuzhou
Tel: 86-591-8750-3506
Fax: 86-591-8750-3521

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Shunde
Tel: 86-757-2839-5507
Fax: 86-757-2839-5571

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7250
Fax: 86-29-8833-7256

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-4182-8400
Fax: 91-80-4182-8422

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Gumi
Tel: 82-54-473-4301
Fax: 82-54-473-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Penang
Tel: 60-4-646-8870
Fax: 60-4-646-5086

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459

Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820

12/08/06

DS41206B-page 134

© 2007 Microchip Technology Inc.



