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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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PIC16C712/716
2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these PIC®

microcontroller devices.  Each block (Program Memory
and Data Memory) has its own bus so that concurrent
access can occur.

Additional information on device memory may be found
in the PIC® Mid-Range Reference Manual, (DS33023).

2.1 Program Memory Organization

The PIC16C712/716 has a 13-bit Program Counter
(PC) capable of addressing an 8K x 14 program mem-
ory space. PIC16C712 has 1K x 14 words of program
memory and PIC16C716 has 2K x 14 words of program
memory. Accessing a location above the physically
implemented address will cause a wraparound. 

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP 
AND STACK OF THE 
PIC16C712

FIGURE 2-2: PROGRAM MEMORY MAP 
AND STACK OF PIC16C716
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PIC16C712/716
2.2.2.2 OPTION_REG Register

The OPTION_REG register is a readable and writable
register, which contains various control bits to configure
the TMR0 prescaler/WDT postscaler (single assign-
able register known also as the prescaler), the External
INT Interrupt, TMR0 and the weak pull-ups on PORTB.

FIGURE 2-5: OPTION_REG REGISTER (ADDRESS 81h)

Note: To achieve a 1:1 prescaler assignment for
the TMR0 register, assign the prescaler to
the Watchdog Timer.

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR Reset

bit7 bit0

bit 7: RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

bit  6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RB0/INT pin
0 = Interrupt on falling edge of RB0/INT pin

bit  5: T0CS: TMR0 Clock Source Select bit
1 = Transition on RA4/T0CKI pin
0 = Internal instruction cycle clock (CLKOUT)

bit  4: T0SE: TMR0 Source Edge Select bit
1 = Increment on high-to-low transition on RA4/T0CKI pin
0 = Increment on low-to-high transition on RA4/T0CKI pin

bit  3: PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit  2-0: PS2:PS0: Prescaler Rate Select bits

000
001
010
011
100
101
110
111

1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128
1 : 256

1 : 1
1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128

Bit Value TMR0 Rate WDT Rate
DS41106C-page 14  1999-2013 Microchip Technology Inc.



PIC16C712/716
2.2.2.4 PIE1 Register

This register contains the individual enable bits for the
peripheral interrupts.

FIGURE 2-7: PIE1 REGISTER (ADDRESS 8Ch)

Note: Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

U-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

— ADIE — — — CCP1IE TMR2IE TMR1IE R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
-n = Value at POR Reset

bit7 bit0

bit 7: Unimplemented: Read as ‘0’

bit  6: ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit  5-3: Unimplemented: Read as ‘0’

bit  2: CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit  1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit  0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt
DS41106C-page 16  1999-2013 Microchip Technology Inc.



PIC16C712/716
2.5 Indirect Addressing, INDF and 
FSR Registers

The INDF register is not a physical register. Addressing
INDF actually addresses the register whose address is
contained in the FSR register (FSR is a pointer). This is
indirect addressing.

EXAMPLE 2-1: INDIRECT ADDRESSING

• Register file 05 contains the value 10h
• Register file 06 contains the value 0Ah
• Load the value 05 into the FSR register
• A read of the INDF register will return the value of 

10h
• Increment the value of the FSR register by one 

(FSR = 06)
• A read of the INDR register now will return the 

value of 0Ah.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although Status bits may be affected).

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

EXAMPLE 2-2: HOW TO CLEAR RAM 
USING INDIRECT 
ADDRESSING

An effective 9-bit address is obtained by concatenating
the 8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figure 2-10. However, IRP is not used in the
PIC16C712/716.

FIGURE 2-10: DIRECT/INDIRECT ADDRESSING

          MOVLW  0x20  ;initialize pointer
          MOVWF  FSR   ;  to RAM
NEXT      CLRF   INDF  ;clear INDF register
          INCF   FSR   ;inc pointer
          BTFSS  FSR,4 ;all done?
          GOTO   NEXT  ;NO, clear next
CONTINUE
          :            ;YES, continue

Note 1: For register file map detail see Figure 2-3.

2: Maintain clear for upward compatibility with future products.

3: Not implemented.

Data
Memory(1)

Indirect AddressingDirect Addressing

bank select location select

RP1:RP0 6 0from opcode IRP FSR register7 0

bank select location select

00 01 10 11

Bank 0 Bank 1 Bank 2 Bank 3

FFh

80h

7Fh

00h

17Fh

100h

1FFh

180h

(3) (3)

(2) (2)
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PIC16C712/716
TABLE 3-1: PORTA FUNCTIONS

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit# Buffer Function

RA0/AN0 bit 0 TTL Input/output or analog input

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

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

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

RA4/T0CKI bit 4 ST
Input/output or external clock input for Timer0
Output is open drain type

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

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on

POR,
BOR

Value on all 
other Resets

05h PORTA — — —(1) RA4 RA3 RA2 RA1 RA0 --xx xxxx --xu uuuu

85h TRISA — — —(1) PORTA Data Direction Register --11 1111 --11 1111

9Fh ADCON1 — — — — — PCFG2 PCFG1 PCFG0 ---- -000 ---- -000

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

Note 1: Reserved bits; Do Not Use.
 1999-2013 Microchip Technology Inc. DS41106C-page 23



PIC16C712/716
3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input, (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output,
(i.e., put the contents of the output latch on the selected
pin).

EXAMPLE 3-2: INITIALIZING PORTB

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF RB0 PIN 

BCF    STATUS, RP0  ; 
CLRF   PORTB        ; Initialize PORTB by
                    ; clearing output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0xCF         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISB        ; Set RB<3:0> as inputs
                    ; RB<5:4> as outputs

                    ; RB<7:6> as inputs

Data Latch

RBPU(1)

P

VDD

QD

CK

QD

CK

Q D

EN

DATA BUS

WR PORT

WR TRIS

RD TRIS

RD PORT

weak
pull-up

RD PORT

RB0/INT

I/O
pin

TTL
Input
Buffer

Schmitt Trigger
Buffer

TRIS Latch

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

VSS

 VDD
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PIC16C712/716
FIGURE 3-7: BLOCK DIAGRAM OF RB7:RB4 PINS 

TABLE 3-3: PORTB FUNCTIONS

Data Latch

From other

RBPU(1)

P

VDD

I/O

QD

CK

QD

CK

Q D

EN

Q D

EN

DATA BUS

WR PORT

WR TRIS

Set RBIF

TRIS Latch

RD TRIS

RD PORT

RB7:RB4 pins

weak
pull-up

RD PORT

Latch

TTL
Buffer

pin

ST
Buffer

RB7:RB6 in Serial Programming mode

Q3

Q1

Note 1: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

VSS

 VDD

Name Bit# Buffer Function

RB0/INT bit 0 TTL/ST(1) Input/output pin or external interrupt input. Internal software 
programmable weak pull-up.

RB1/T1OS0/
T1CKI

bit 1 TTL/ST(1) Input/output pin or Timer1 oscillator output, or Timer1 clock input. Internal 
software programmable weak pull-up. See Timer1 section for detailed 
operation.

RB2/T1OSI bit 2 TTL/ST(1) Input/output pin or Timer1 oscillator input. Internal software programmable 
weak pull-up. See Timer1 section for detailed operation.

RB3/CCP1 bit 3 TTL/ST(1) Input/output pin or Capture 1 input, or Compare 1 output, or PWM1 output.  
Internal software programmable weak pull-up.  See CCP1 section for 
detailed operation.

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(2) Input/output pin (with interrupt-on-change). Internal software programmable 
weak pull-up. Serial programming clock.

RB7 bit 7 TTL/ST(2) 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 or peripheral input.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
 1999-2013 Microchip Technology Inc. DS41106C-page 27



PIC16C712/716
4.0 TIMER0 MODULE

The Timer0 module timer/counter has the following
features:

• 8-bit timer/counter

• Readable and writable

• Internal or external clock select

• Edge select for external clock

• 8-bit software programmable prescaler

• Interrupt on overflow from FFh to 00h

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

Additional information on timer modules is available in
the PIC® Mid-Range Reference Manual, (DS33023).

4.1 Timer0 Operation

Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing bit T0CS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMR0 register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMR0 register.

Counter mode is selected by setting bit T0CS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment on every rising or falling edge of pin RA4/
T0CKI. The incrementing edge is determined by the
Timer0 Source Edge Select bit T0SE
(OPTION_REG<4>). Clearing bit T0SE selects the
rising edge. Restrictions on the external clock input are
discussed below.

When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (TOSC). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

Additional information on external clock requirements
is available in the PIC® Mid-Range Reference Manual,
(DS33023).

4.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module or as a postscaler for the Watchdog
Timer, respectively (Figure 4-2). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available, which is mutually exclusively shared
between the Timer0 module and the Watchdog Timer.
Thus, a prescaler assignment for the Timer0 module
means that there is no prescaler for the Watchdog
Timer and vice-versa.

The prescaler is not readable or writable.

The PSA and PS2:PS0 bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable. 

Setting bit PSA will assign the prescaler to the Watch-
dog Timer (WDT). When the prescaler is assigned to
the WDT, prescale values of 1:1, 1:2, ..., 1:128 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMR0 register (e.g., CLRF 1, MOVWF 1,
BSF 1,x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the WDT.  

FIGURE 4-1: TIMER0 BLOCK DIAGRAM    

Note: Writing to TMR0 when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.

Note 1: T0CS, T0SE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).

RA4/T0CKI

T0SE(1)

0

1

1

0
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T0CS(1)

FOSC/4

Programmable
Prescaler(2)

Sync with
Internal
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TMR0

PSout

(2-cycle delay)

PSout

Data Bus

8

PSA(1)PS2, PS1, PS0(1)
Set Interrupt
Flag bit T0IF
on overflow

3
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NOTES:
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PIC16C712/716
7.0 CAPTURE/COMPARE/PWM 
(CCP) MODULE(S)

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register, which can operate as a 16-bit capture
register, as a 16-bit compare register or as a PWM
master/slave Duty Cycle register. Table 7-1 shows the
timer resources of the CCP module modes.

Capture/Compare/PWM Register 1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

Additional information on the CCP module is available
in the PIC® Mid-Range Reference Manual, (DS33023).

TABLE 7-1: CCP MODE – TIMER 
RESOURCE

FIGURE 7-1: CCP1CON REGISTER (ADDRESS 17h)    

FIGURE 7-2: TRISCCP REGISTER (ADDRESS 87H) 

CCP Mode Timer Resource

Capture
Compare

PWM

Timer1
Timer1
Timer2

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 R = Readable bit
W = Writable bit
U = Unimplemented bit, read 

as ‘0’
-n = Value at POR Reset

bit7 bit0

bit 7-6: Unimplemented: Read as ‘0’

bit  5-4: DC1B1:DC1B0: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L.

bit  3-0: CCP1M3:CCP1M0: CCP1 Mode Select bits
0000 = Capture/Compare/PWM off (resets CCP1 module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCP1IF bit is set)
1001 = Compare mode, clear output on match (CCP1IF bit is set)
1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is unaffected)
1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1 and starts an A/D

conversion (if A/D module is enabled))
11xx = PWM mode

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — — — TCCP — TT1CK R = Readable bit
W = Writable bit
U = Unimplemented bit, read 

as ‘0’
-n = Value at POR Reset

bit7 bit0

bit 7-3: Reserved bits; Do Not Use

bit 2: TCCP – Tri-state control bit for CCP
0 = Output pin driven
1 = Output pin tristated

bit 1: Reserved bit; Do Not Use

bit 0: TT1CK – Tri-state control bit for T1CKI pin
0 = T1CKI pin is an output
1 = T1CKI pin is an input
 1999-2013 Microchip Technology Inc. DS41106C-page 39



PIC16C712/716
7.4 CCP1 Module and PORTB 
Operation

When the CCP module is disabled, PORTB<3>
operates as a normal I/O pin.  When the CCP module
is enabled, PORTB<3> operation is affected.
Multiplexing details of the CCP1 module are shown on
PORTB<3>, refer to Figure 3.6.

Table 7-5 below shows the effects of the CCP module
operation on PORTB<3>

.

TABLE 7-5: CCP1 MODULE AND PORTB OPERATION

CCP1 
Module 
Mode

Control Bits CCP1 Module Operation PORTB<3> Operation

Off CCP1CON = --xx 0000 Off PORTB<3> functions as normal I/O.

Capture CCP1CON = --xx 01xx
TRISCCP = ---- -1-x

The CCP1 module will capture an event 
on the RB3/CCP1 pin which is driven by 
an external circuit.  The DCCP bit can 
read the signal on the RB3/CCP1 pin.

PORTB<3> always reads ‘0’ when 
configured as input. If PORTB<3> is 
configured as output, reading 
PORTB<3> will read the data latch. 
Writing to PORTB<3> will always 
store the result in the data latch, but it 
does not drive the RB3/CCP1 pin. 

CCP1CON = --xx 01xx
TRISCCP = ---- -0-x

The CCP1 module will capture an event 
on the RB3/CCP1 pin which is driven by 
the DCCP bit.  The DCCP bit can read 
the signal on the RB3/CCP1 pin.

Compare CCP1CON = --xx 10xx
TRISCCP = ---- -0-x

The CCP1 module produces an output 
on the RB3/CCP1 pin when a compare 
event occurs.  The DCCP bit can read 
the signal on the RB3/CCP1 pin.

PWM CCP1CON = --xx 11xx
TRISCCP = ---- -0-x

The CCP1 module produces the PWM 
signal on the RB3/CCP1 pin.  The 
DCCP bit can read the signal on the 
RB3/CCP1 pin.
DS41106C-page 44  1999-2013 Microchip Technology Inc.



PIC16C712/716
9.10 Interrupts

The PIC16C712/716 devices have up to 7 sources of
interrupt. The Interrupt Control Register (INTCON)
records individual interrupt requests in flag bits. It also
has individual and global interrupt enable bits. 

A Global Interrupt Enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be
disabled through their corresponding enable bits in
various registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on Reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RB0/INT pin interrupt, the RB port change interrupt
and the TMR0 overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the
Special Function Registers, PIR1 and PIR2. The corre-
sponding interrupt enable bits are contained in Special
Function Registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in Special Function
Register, INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts. 

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit or the GIE bit. 

FIGURE 9-14: INTERRUPT LOGIC

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding 
mask bit or the GIE bit. 

ADIF
ADIE

CCP1IF
CCP1IE

TMR2IF
TMR2IE

TMR1IF
TMR1IE

T0IF
T0IE

INTF
INTE

RBIF
RBIE

GIE

PEIE

Wake-up (If in Sleep mode)

Interrupt to CPU
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PIC16C712/716
9.10.1 INT INTERRUPT

External interrupt on RB0/INT pin is edge triggered,
either rising if bit INTEDG (OPTION_REG<6>) is set,
or falling if the INTEDG bit is clear. When a valid edge
appears on the RB0/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt 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 (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit T0IE
(INTCON<5>). (Section 4.0 “Timer0 Module”)

9.10.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>).
(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 reg-
isters during an interrupt, (i.e., W register and STATUS
register). This will have to be implemented in software.

Example 9-1 stores and restores the W and STATUS
registers. The register, W_TEMP, must be defined in
each bank and must be defined at the same offset from
the bank base address (i.e., if W_TEMP is defined at
0x20 in bank 0, it must also be defined at 0xA0 in bank
1).

The example:

a) Stores the W register.

b) Stores the STATUS register in bank 0.

c) Stores the PCLATH register.

d) Executes the Interrupt Service Routine code
(User-generated).

e) Restores the STATUS register (and bank select
bit).

f) Restores the W and PCLATH registers.

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 
     CLRF     STATUS           ;bank 0, regardless of current bank, Clears IRP,RP1,RP0
     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     PCLATH_TEMP, W   ;Restore PCLATH
     MOVWF    PCLATH           ;Move W into PCLATH
     SWAPF    STATUS_TEMP,W    ;Swap STATUS_TEMP register into W 
                               ;(sets bank to original state)
     MOVWF    STATUS           ;Move W into STATUS register
     SWAPF    W_TEMP,F         ;Swap W_TEMP

     SWAPF    W_TEMP,W         ;Swap W_TEMP into W
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9.16  In-Circuit Serial Programming™

PIC16CXXX microcontrollers can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

For complete details on serial programming, please
refer to the In-Circuit Serial Programming™ (ICSP™)
Guide, (DS30277).
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11.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:

• Integrated Development Environment

- MPLAB® IDE Software

• Assemblers/Compilers/Linkers

- MPASMTM Assembler

- MPLAB C18 and MPLAB C30 C Compilers

- MPLINKTM Object Linker/
MPLIBTM Object Librarian

- MPLAB ASM30 Assembler/Linker/Library

• Simulators

- MPLAB SIM Software Simulator

• Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB ICE 4000 In-Circuit Emulator

• In-Circuit Debugger

- MPLAB ICD 2

• Device Programmers

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer

• Low-Cost Demonstration and Development 
Boards and Evaluation Kits

11.1 MPLAB Integrated Development 
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®

operating system-based application that contains:

• A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- Emulator (sold separately)

- In-Circuit Debugger (sold separately)

• A full-featured editor with color-coded context

• A multiple project manager

• Customizable data windows with direct edit of 
contents

• High-level source code debugging

• Visual device initializer for easy register 
initialization

• Mouse over variable inspection

• Drag and drop variables from source to watch 
windows

• Extensive on-line help

• Integration of select third party tools, such as 
HI-TECH Software C Compilers and IAR 
C Compilers

The MPLAB IDE allows you to:

• Edit your source files (either assembly or C)

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

• Debug using:

- Source files (assembly or C)

- Mixed assembly and C

- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
 1999-2013 Microchip Technology Inc. DS41106C-page 69



PIC16C712/716
12.2  DC Characteristics: PIC16LC712/716-04 (Commercial, Industrial) 

DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature 0°C  TA  +70°C for commercial

-40°C  TA  +85°C for industrial

Param 
No.

Sym. Characteristic Min. Typ† Max. Units Conditions

D001 VDD Supply Voltage 2.5
VBOR*

—
—

5.5
5.5

V
V BOR enabled (Note 7)

D002* VDR RAM Data Retention Voltage(1) — 1.5 — V

D003 VPOR VDD Start Voltage to ensure inter-
nal Power-on Reset signal

— VSS — V See section on Power-on Reset for details

D004*
D004A*

SVDD VDD Rise Rate to ensure internal 
Power-on Reset signal

0.05
TBD

—
—

—
—

V/ms PWRT enabled (PWRTE bit clear)
PWRT disabled (PWRTE bit set)
See section on Power-on Reset for details

D005 VBOR Brown-out Reset 
voltage trip point

3.65 — 4.35 V BODEN bit set

D010

D010A

IDD Supply Current(2,5) —

—

2.0

22.5

3.8

48

mA

A

XT, RC osc modes
FOSC = 4 MHz, VDD = 3.0V (Note 4)
LP osc mode
FOSC = 32 kHz, VDD = 3.0V, WDT disabled

D020
D021
D021A

IPD Power-down Current(3,5) —
—
—

7.5
0.9
0.9

30
5
5

A
A
A

VDD = 3.0V, WDT enabled, -40C to +85C
VDD = 3.0V, WDT disabled, 0C to +70C
VDD = 3.0V, WDT disabled, -40C to +85C

D022*
D022A*

IWDT

IBOR

Module Differential Current(6)

Watchdog Timer
Brown-out Reset

—
—

6.0
TBD

20
200

A
A

WDTE bit set, VDD = 4.0V
BODEN bit set, VDD = 5.0V

1A FOSC LP Oscillator Operating Frequency
RC Oscillator Operating Frequency
XT Oscillator Operating Frequency
HS Oscillator Operating Frequency

0
0
0
0

—
—
—
—

200
4
4
20

KHz
MHz
MHz
MHz

All temperatures
All temperatures
All temperatures
All temperatures

* 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.
Note1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current 
consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD,   
MCLR = VDD; WDT enabled/disabled as specified. 

3: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with the 
part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD and VSS. 

4: For RC Osc mode, current through REXT is not included. The current through the resistor can be estimated by the formula 
Ir = VDD/2REXT (mA) with REXT in kOhm.

5: Timer1 oscillator (when enabled) adds approximately 20 A to the specification. This value is from characterization and is 
for design guidance only. This is not tested.

6: The  current is the additional current consumed when this peripheral is enabled. This current should be added to the base 
IDD or IPD measurement.

7: This is the voltage where the device enters the Brown-out Reset.  When BOR is enabled, the device will operate correctly to 
this trip point.
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12.4 AC (Timing) Characteristics

12.4.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created
using one of the following formats:

1. TppS2ppS

2. TppS

T

F Frequency T Time

Lowercase letters (pp) and their meanings:

pp

cc CCP1 osc OSC1

ck CLKOUT rd RD
cs CS rw RD or WR

di SDI sc SCK

do SDO ss SS
dt Data in t0 T0CKI

io I/O port t1 T1CKI

mc MCLR wr WR
Uppercase letters and their meanings:

S

F Fall P Period

H High R Rise

I Invalid (High-impedance) V Valid

L Low Z High-impedance
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TMR1L Register ...................................................  11, 31
Timer2

Block Diagram............................................................  36
Postscaler. See Postscaler, Timer2
PR2 Register .................................................. 12, 36, 42
Prescaler. See Prescaler, Timer2
T2CON Register ..................................................  11, 36
TMR2 Register .....................................................  11, 36
TMR2 to PR2 Match Enable (TMR2IE Bit) ................  16
TMR2 to PR2 Match Flag (TMR2IF Bit) ..................... 17
TMR2 to PR2 Match Interrupt ........................  36, 37, 42

Timing Diagrams
Time-out Sequence on Power-up .............................. 60
Wake-up from Sleep via Interrupt ............................... 65
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Brown-out Reset (BOR) .............................................  83
Capture/Compare/PWM (CCP)..................................  85
CLKOUT and I/O ........................................................ 82
External Clock ............................................................ 81
Oscillator Start-up Timer (OST) .................................  83
Power-up Timer (PWRT) ...........................................  83
Reset..........................................................................  83
Timer0 and Timer1.....................................................  84
Watchdog Timer (WDT) .............................................  83

W
W Register .........................................................................  62
Wake-up from Sleep ..........................................................  51
Wake-up from Sleep ..........................................................  64

Interrupts .............................................................  58, 59
MCLR Reset ..............................................................  59
Timing Diagram .........................................................  65
WDT Reset ................................................................ 59

Watchdog Timer (WDT)...............................................  51, 63
Block Diagram ...........................................................  63
Enable (WDTE Bit) ..............................................  52, 63
Postscaler. See Postscaler, WDT
Programming Considerations ....................................  63
RC Oscillator..............................................................  63
Time-out Period .........................................................  63
Timing Diagram .........................................................  83
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WWW Address ................................................................  101
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