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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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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FIGURE 2-3: REGISTER FILE MAP 
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2.2.2 SPECIAL FUNCTION REGISTERS

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

The special function registers can be classified into two
sets; core (CPU) and peripheral. Those registers asso-
ciated with the core functions are described in detail in
this section. Those related to the operation of the
peripheral features are described in detail in that
peripheral feature section.

TABLE 2-1: PIC16C717/770/771 SPECIAL FUNCTION REGISTER SUMMARY 

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

POR,
BOR

Details 
on 

Page:

   Bank 0

00h(3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 23

01h TMR0 Timer0 module’s register xxxx xxxx 45

02h(3) PCL Program Counter's (PC) Least Significant Byte 0000 0000 22

03h(3) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 14

04h(3) FSR Indirect data memory address pointer xxxx xxxx 23

05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RA0 xxxx 0000 25

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 xxxx xx11 33

07h — Unimplemented — —

08h — Unimplemented — —

09h — Unimplemented — —

0Ah(1,3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 22

0Bh(3) INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 16

0Ch PIR1 — ADIF — — SSPIF CCP1IF TMR2IF TMR1IF -0---0000 18

0Dh PIR2 LVDIF — — — BCLIF — — — 0--- 0--- 20

0Eh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register xxxx xxxx 47

0Fh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register xxxx xxxx 47

10h T1CON — — T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON --00 0000 47

11h TMR2 Timer2 module’s register 0000 0000 51

12h T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 51

13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx 70

14h SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 67

15h CCPR1L Capture/Compare/PWM Register1 (LSB) xxxx xxxx 54

16h CCPR1H Capture/Compare/PWM Register1 (MSB) xxxx xxxx 54

17h CCP1CON PWM1M1 PWM1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0000 0000 53

18h — Unimplemented — —

19h — Unimplemented — —

1Ah — Unimplemented — —

1Bh — Unimplemented — —

1Ch — Unimplemented — —

1Dh — Unimplemented — —

1Eh ADRESH A/D High Byte Result Register xxxx xxxx 107

1Fh ADCON0 ADCS1 ADCS0 CHS2 CHS1 CHS0 GO/DONE CHS3 ADON 0000 0000 107

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0'. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose 
contents are transferred to the upper byte of the program counter.

2: Other (non Power-up) Resets include external RESET through MCLR and Watchdog Timer Reset.
3: These registers can be addressed from any bank.
 1999-2013 Microchip Technology Inc. DS41120C-page 11
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   Bank 2 

100h(3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 23

101h TMR0 Timer0 module’s register xxxx xxxx 45

102h(3) PCL Program Counter's (PC) Least Significant Byte 0000 0000 22

103h(3) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 14

104h(3) FSR Indirect data memory address pointer xxxx xxxx 23

105h — Unimplemented — —

106h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xx11 33

107h — Unimplemented — —

108h — Unimplemented — —

109h — Unimplemented — —

10Ah(1,3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 22

10Bh(3) INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 16

10Ch PMDATL Program memory read data low xxxx xxxx

10Dh PMADRL Program memory read address low xxxx xxxx

10Eh PMDATH — — Program memory read data high --xx xxxx

10Fh PMADRH — — — — Program memory read address high ---- xxxx

110h-
11Fh

— Unimplemented — —

   Bank 3 

180h(3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 23

181h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 15

182h(3) PCL Program Counter's (PC) Least Significant Byte 0000 0000 22

183h(3) STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 14

184h(3) FSR Indirect data memory address pointer xxxx xxxx 23

185h — Unimplemented — —

186h TRISB PORTB Data Direction Register 1111 1111 33

187h — Unimplemented — —

188h — Unimplemented — —

189h — Unimplemented — —

18Ah(1,3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 22

18Bh(3) INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 16

18Ch PMCON1 Reserved — — — — — — RD 1--- ---0

18Dh-
18Fh

— Unimplemented — —

TABLE 2-1: PIC16C717/770/771 SPECIAL FUNCTION REGISTER SUMMARY  (CONTINUED)

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

POR,
BOR

Details 
on 

Page:

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0'. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose 
contents are transferred to the upper byte of the program counter.

2: Other (non Power-up) Resets include external RESET through MCLR and Watchdog Timer Reset.
3: These registers can be addressed from any bank.
 1999-2013 Microchip Technology Inc. DS41120C-page 13
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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.

Additional information on I/O ports may be found in the
PIC Mid-Range MCU Family Reference Manual,
(DS33023).

3.1 I/O Port Analog/Digital Mode

The PIC16C717/770/771 have two I/O ports: PORTA
and PORTB. Some of these port pins are mixed-signal
(can be digital or analog). When an analog signal is

present on a pin, the pin must be configured as an ana-
log input to prevent unnecessary current draw from the
power supply. The Analog Select Register (ANSEL)
allows the user to individually select the Digital/Analog
mode on these pins. When the Analog mode is active,
the port pin will always read 0. 

REGISTER 3-1: ANALOG SELECT REGISTER (ANSEL: 9Dh)

3.2 PORTA and the TRISA Register

PORTA is a 8-bit wide bi-directional port. The corre-
sponding 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
Hi-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, this value is modified, and then written to the port
data latch.

Pins RA<3:0> are multiplexed with analog functions,
such as analog inputs to the A/D converter, analog
VREF inputs, and the onboard bandgap reference out-
puts. When the analog peripherals are using any of

these pins as analog input/output, the ANSEL register
must have the proper value to individually select the
Analog mode of the corresponding pins.

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.

Pin RA5 is multiplexed with the device RESET (MCLR)
and programming input (VPP) functions. The RA5/
MCLR/VPP input only pin has a Schmitt Trigger input
buffer. All other RA port pins have Schmitt Trigger input
buffers and full CMOS output buffers.

Pins RA6 and RA7 are multiplexed with the oscillator
input and output functions.

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 1: On a Power-on Reset, the ANSEL regis-
ter configures these mixed-signal pins as
Analog mode.

2: If a pin is configured as Analog mode, the
RA pin will always read '0' and RB pin will
always read '1', even if the digital output is
active.

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

— — ANS5 ANS4 ANS3 ANS2 ANS1 ANS0

bit 7 bit 0

bit 7-6 Reserved: Do not use

bit 5-0 ANS<5:0>: Analog Select between analog or digital function on pins AN<5:0>, respectively.

0 = Digital I/O. Pin is assigned to port or special function.
1 = Analog Input. Pin is assigned as analog input.

Note: Setting a pin to an analog input disables the digital input buffer on the pin. The cor-
responding TRIS bit should be set to Input mode when using pins as analog inputs.

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

Note: Upon RESET, the ANSEL register config-
ures the RA<3:0> pins as analog inputs.
All RA<3:0> pins will read as '0'.
 1999-2013 Microchip Technology Inc. DS41120C-page 25
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FIGURE 3-9: BLOCK DIAGRAM OF RB6/T1OSO/T1CKI/P1C
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NOTES:
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7.2 Timer2 Interrupt

The Timer2 module has an 8-bit period register PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

7.3 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
Synchronous Serial Port module which optionally uses
it to generate shift clock.

FIGURE 7-1: Timer2 Block Diagram

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Comparator

TMR2
Sets flag

TMR2 reg

output (1)

RESET

Postscaler

Prescaler

PR2 reg

2

Fosc/4

1:1 1:16

1:1, 1:4, 1:16

EQ

4

bit TMR2IF

Note: TMR2 register output can be software
selected by the SSP Module as a baud
clock.

to

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

0Bh,8Bh,
10Bh,18Bh

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

0Ch PIR1 — ADIF — — SSPIF CCP1IF TMR2IF TMR1IF -0-- 0000 -0-- 0000

8Ch PIE1 — ADIE — — SSPIE CCP1IE TMR2IE TMR1IE -0-- 0000 -0-- 0000

11h TMR2 Timer2 register 0000 0000 0000 0000

12h T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 -000 0000

92h PR2 Timer2 Period Register 1111 1111 1111 1111

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer2 module.
DS41120C-page 52   1999-2013 Microchip Technology Inc.
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REGISTER 9-2: SYNC SERIAL PORT CONTROL REGISTER (SSPCON: 14h) (CONTINUED)     

bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bits

0000 = SPI Master mode, clock = FOSC/4

0001 = SPI Master mode, clock = FOSC/16 

0010 = SPI Master mode, clock = FOSC/64

0011 = SPI Master mode, clock = TMR2 output/2

0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled. 

0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin.

0110 = I2C Slave mode, 7-bit address 

0111 = I2C Slave mode, 10-bit address

1000 = I2C Master mode, clock = FOSC / (4  (SSPADD+1) ) 

1001 = Reserved

1010 = Reserved

1011 = Firmware controlled Master mode (slave idle)

1100 = Reserved

1101 = Reserved

1110 = 7-bit Slave mode with START and STOP condition interrupts

1111 = 10-bit Slave mode with START and STOP condition interrupts

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
DS41120C-page 68 Advance Information  1999-2013 Microchip Technology Inc.



PIC16C717/770/771
9.2.17 MULTI -MASTER 
COMMUNICATION, BUS 
COLLISION, AND BUS 
ARBITRATION

Multi-master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, bus arbitration is initiated when one mas-
ter outputs a '1' on SDA (by letting SDA float high) and
another master asserts a '0'. If the expected data on
SDA is a '1' and the data sampled on the SDA pin = '0',
then a bus collision has taken place. The master that
expected a ‘1’ will set the Bus Collision Interrupt Flag,
BCLIF, and reset the I2C port to its IDLE state.
(Figure 9-23).

A bus collision during transmit results in the following
events:

• The transmission is halted.

• The BF flag is cleared

• The SDA and SCL lines are de-asserted

• The restriction on writing to the SSPBUF during 
transmission is lifted. 

When the user services the bus collision interrupt ser-
vice routine, and if the I2C bus is free, the user can
resume communication by asserting a START condi-
tion.

A bus collision during a START, Repeated START,
STOP or Acknowledge condition results in the following
events:

• The condition is aborted.
• The SDA and SCL lines are de-asserted.
• The respective control bits in the SSPCON2 regis-

ter are cleared.

When the user services the bus collision interrupt ser-
vice routine, and if the I2C bus is free, the user can
resume communication by asserting a START condi-
tion.

The Master will continue to monitor the SDA and SCL
pins, and if a STOP condition occurs, the SSPIF bit will
be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of START and STOP conditions allows the
determination of when the bus is free. Control of the I2C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is idle and the S and P bits are
cleared.

FIGURE 9-23: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE       
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DS41120C-page 94 Advance Information  1999-2013 Microchip Technology Inc.



PIC16C717/770/771
9.2.18 CONNECTION CONSIDERATIONS 
FOR I2C BUS

For Standard mode I2C bus devices, the values of
resistors Rp and Rs in Figure 9-31 depends on the fol-
lowing parameters

• Supply voltage

• Bus capacitance

• Number of connected devices (input current + 
leakage current).

The supply voltage limits the minimum value of resistor
Rp due to the specified minimum sink current of 3 mA
at VOL max = 0.4V for the specified output stages. For

example, with a supply voltage of VDD = 5V+10% and
VOL max = 0.4V at 3 mA, Rp min = (5.5-0.4)/0.003 =
1.7 k VDD as a function of Rp is shown in Figure 9-31.
The desired noise margin of 0.1VDD for the low level
limits the maximum value of Rs. Series resistors are
optional and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections, and pins. This capacitance limits the max-
imum value of Rp due to the specified rise time
(Figure 9-31).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register, and controls the slew rate
of the I/O pins when in I2C mode (master or slave).

FIGURE 9-31: SAMPLE DEVICE CONFIGURATION FOR I2C BUS       

TABLE 9-3: REGISTERS ASSOCIATED WITH I2C OPERATION         

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR MCLR, WDT

0Bh, 8Bh, 
10Bh,18Bh

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

0Ch PIR1 — ADIF — — SSPIF CCP1IF TMR2IF TMR1IF -0-- 0000 -0-- 0000

8Ch PIE1 — ADIE — — SSPIE CCP1IE TMR2IE TMR1IE -0-- 0000 -0-- 0000

0Dh PIR2 LVDIF — — — BCLIF — — CCP2IF 0--- 0--0 0--- 0--0

8Dh PIE2 LVDIE — — — BCLIE — — CCP2IE 0--- 0--0 0--- 0--0

13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx uuuu uuuu

14h SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 0000 0000

91h SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000

94h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 0000 0000

93h SSPADD Synchronous Serial Port (I2C Mode) Address Register 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the MSSP in I2C mode.

RpRp

VDD + 10%

SDA

SCL

Note: I2C devices with input levels related to VDD must have one common supply line to which the pull-up resistor is also 

DEVICE

Cb=10 pF to 400 pF

RsRs

connected.
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12.4 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when a
VDD rise is detected (in the range of 1.5V - 2.1V).
Enable the internal MCLR feature to eliminate external
RC components usually needed to create a Power-on
Reset. A maximum rise time for VDD is specified. See
Electrical Specifications for details. For a long rise time,
enable external MCLR function and use circuit as
shown in Figure 12-5.

Two delay timers, (PWRT on OST), have been pro-
vided which hold the device in RESET after a POR
(dependent upon device configuration) so that all oper-
ational parameters have been met prior to releasing the
device to resume/begin normal operation.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature,...) must be met to ensure
operation. If these conditions are not met, the device
must be held in RESET until the operating conditions
are met. Brown-out Reset may be used to meet the
start-up conditions, or if necessary an external POR cir-
cuit may be implemented to delay end of RESET for as
long as needed.

FIGURE 12-5: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR 
SLOW VDD RAMP)

12.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed TPWRT time-out
on power-up type RESETS only. For a POR, the PWRT
is invoked when the POR pulse is generated. For a
BOR, the PWRT is invoked when the device exits the
RESET condition (VDD rises above BOR trip point).
The Power-up Timer operates on an internal RC oscil-
lator. The chip is kept in RESET as long as the PWRT
is active. The PWRT’s time delay is designed to allow
VDD to rise to an acceptable level. A configuration bit is
provided to enable/disable the PWRT for the POR only.
For a BOR the PWRT is always available regardless of
the configuration bit setting.

The power-up time delay will vary from chip-to-chip due
to VDD, temperature and process variation. See DC
parameters for details.

12.6 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal oscil-
lator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on a power-up type RESET or a wake-
up from SLEEP.

12.7 Programmable Brown-Out Reset 
(PBOR)

The Programmable Brown-out Reset module is used to
generate a RESET when the supply voltage falls below
a specified trip voltage. The trip voltage is configurable
to any one of four voltages provided by the BORV<1:0>
configuration word bits.

Configuration bit, BODEN, can disable (if clear/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below the specified trip point for
longer than TBOR, (parameter #35), the brown-out situ-
ation will RESET the chip. A RESET may not occur if
VDD falls below the trip point for less than TBOR. The
chip will remain in Brown-out Reset until VDD rises
above VBOR. The Power-up Timer will be invoked at
that point and will keep the chip in RESET an additional
TPWRT. If VDD drops below VBOR while the Power-up
Timer is running, the chip will go back into a Brown-out
Reset and the Power-up Timer will be re-initialized.
Once VDD rises above VBOR, the Power-up Timer will
again begin a TPWRT time delay. Even though the
PWRT is always enabled when brown-out is enabled,
the PWRT configuration word bit should be cleared
(enabled) when brown-out is enabled. 

Note 1: External Power-on Reset circuit is 
required only if VDD power-up slope is too 
slow. The diode D helps discharge the 
capacitor quickly when VDD powers down.

2: R < 40 k is recommended to make sure 
that voltage drop across R does not violate 
the device’s electrical specification.

3: R1 = 100 to 1 k will limit any current 
flowing into MCLR from external capacitor 
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge 
(ESD) or Electrical Overstress (EOS).

4: External MCLR must be enabled 
(MCLRE = 1).

C

R1
RD

VDD

MCLR

PIC16C717/770/771

VDD
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TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS 

Register Power-on Reset or
Brown-out Reset

MCLR Reset or
WDT Reset

Wake-up via WDT or 
Interrupt

W xxxx xxxx uuuu uuuu uuuu uuuu

INDF 0000 0000 uuuu uuuu uuuu uuuu

TMR0 xxxx xxxx uuuu uuuu uuuu uuuu

PCL 0000h 0000h  PC + 1(1)

STATUS 0001 1xxx 000q quuu(2) uuuq quuu(2)

FSR xxxx xxxx uuuu uuuu uuuu uuuu

PORTA xxxx 0000 uuuu 0000 uuuu uuuu

PORTB xxxx xx11 uuuu uu11 uuuu uuuu

PCLATH ---0 0000 ---0 0000 ---u uuuu

INTCON 0000 000x 0000 000u uuuu uuqq

PIR1 -0-- 0000 -0-- 0000 -0-- uuuu

PIR2 0--- 0--- 0--- 0--- q--- q---

TMR1L xxxx xxxx uuuu uuuu uuuu uuuu

TMR1H xxxx xxxx uuuu uuuu uuuu uuuu

T1CON --00 0000 --uu uuuu --uu uuuu

TMR2 0000 0000 0000 0000 uuuu uuuu

T2CON -000 0000 -000 0000 -uuu uuuu

SSPBUF xxxx xxxx uuuu uuuu uuuu uuuu

SSPCON 0000 0000 0000 0000 uuuu uuuu

CCPR1L xxxx xxxx uuuu uuuu uuuu uuuu

CCPR1H xxxx xxxx uuuu uuuu uuuu uuuu

CCP1CON 0000 0000 0000 0000 uuuu uuuu

ADRESH xxxx xxxx uuuu uuuu uuuu uuuu

ADCON0 0000 0000 0000 0000 uuuu uuuu

OPTION_REG 1111 1111 1111 1111 uuuu uuuu

TRISA 1111 1111 1111 1111 uuuu uuuu

TRISB 1111 1111 1111 1111 uuuu uuuu

PIE1 -0-- 0000 -0-- 0000 -u-- uuuu

PIE2 0--- 0--- 0--- 0--- u--- u---

PCON ---- 1-qq ---- 1-uu ---- u-uu

PR2 1111 1111 1111 1111 1111 1111

SSPADD 0000 0000 0000 0000 uuuu uuuu

SSPSTAT 0000 0000 0000 0000 uuuu uuuu

WPUB 1111 1111 1111 1111 uuuu uuuu

IOCB 1111 0000 1111 0000 uuuu uuuu

Legend: u   = unchanged,     x   =   unknown,    - =   unimplemented bit, read as '0',  q = value depends on condition
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 

(0004h).
2: See Table 12-5 for RESET value for specific condition.
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FIGURE 12-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)    

P1DEL 0000 0000 0000 0000 uuuu uuuu

REFCON 0000 ---- 0000 ---- uuuu ----

LVDCON --00 0101 --00 0101 --uu uuuu

ANSEL --11 1111 --11 1111 --uu uuuu

ADRESL xxxx xxxx uuuu uuuu uuuu uuuu

ADCON1 0000 0000 0000 0000 uuuu uuuu

PMDATL xxxx xxxx uuuu uuuu uuuu uuuu

PMADRL xxxx xxxx uuuu uuuu uuuu uuuu

PMDATH --xx xxxx --uu uuuu --uu uuuu

PMADRH ---- xxxx ---- uuuu ---- uuuu

PMCON1 1--- ---0 1--- ---0 1--- ---0

TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS  (CONTINUED)

Register Power-on Reset or
Brown-out Reset

MCLR Reset or
WDT Reset

Wake-up via WDT or 
Interrupt

Legend: u   = unchanged,     x   =   unknown,    - =   unimplemented bit, read as '0',  q = value depends on condition
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 

(0004h).
2: See Table 12-5 for RESET value for specific condition.

TPWRT

TOST

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET
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12.12 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator, which does not require any external components.
This oscillator is independent from the processor clock.
If enabled, the WDT will run even if the main clock of
the device has been stopped, for example, by execu-
tion of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to

wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the STATUS regis-
ter will be cleared upon a Watchdog Timer time-out.

The WDT can be permanently disabled by program-
ming the configuration bit WDTE to ’0’ (Section 12.1).

WDT time-out period values may be found in Table 15-
4. Values for the WDT prescaler may be assigned using
the OPTION_REG register.  

FIGURE 12-11: WATCHDOG TIMER BLOCK DIAGRAM

TABLE 12-7: SUMMARY OF WATCHDOG TIMER REGISTERS

Note: The SLEEP instruction clears the WDT and
the postscaler, if assigned to the WDT,
restarting the WDT period.

From TMR0 Clock Source
(Figure 5-2)

To TMR0 (Figure 5-2)

Postscaler

WDT Timer

WDT 
Enable Bit(2)

0

1
M
U
X

PSA

8 - to - 1 MUX PS<2:0>(1)

0 1

MUX PSA(1)

WDT
Time-outNote 1: PSA and PS<2:0> are bits in the OPTION_REG register.

8

         2: WDTE bit in the configuration word.

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

2007h Config. bits(1) — BODEN MCLRE PWRTE WDTE FOSC2 FOSC1 FOSC0

81h,181h OPTION_REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: See Register 12-1 for the full description of the configuration word bits.
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15.1 DC Characteristics: PIC16C717/770/771 (Commercial, Industrial, Extended)
PIC16LC717/770/771 (Commercial, Industrial, Extended)

PIC16LC717/770/771

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

-40°C  TA  +85°C for industrial  
-40°C  TA  +125°C for extended

PIC16C717/770/771

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

-40°C  TA  +85°C for industrial  
-40°C  TA  +125°C for extended

Param. 
No.

Sym Characteristic Min Typ† Max Units Conditions

D001 VDD Supply Voltage 2.5 — 5.5 V

D001 VDD Supply Voltage 4.0 — 5.5 V

D002* VDR RAM Data Retention

Voltage(1)

— 1.5 — V

D002* VDR RAM Data Retention 
Voltage(1)

— 1.5 — V

D003* VPOR VDD start voltage to 
ensure internal Power-
on Reset signal

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

D003* VPOR VDD start voltage to 
ensure internal Power-
on Reset signal

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

D004* SVDD VDD rise rate to ensure 
internal Power-on Reset 
signal

0.05 — — V/ms See section on Power-on Reset for details. 
PWRT enabled

D004* SVDD VDD rise rate to ensure 
internal Power-on Reset 
signal

0.05 — — V/ms See section on Power-on Reset for details. 
PWRT enabled

* 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: This is the limit to which VDD can be lowered without losing RAM data.
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TABLE 15-5: TIMER0 AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

FIGURE 15-11: ENHANCED CAPTURE/COMPARE/PWM TIMINGS (ECCP)

Param. 
No.

Sym Characteristic Min Typ† Max Units Conditions

40* Tt0H T0CKI High Pulse Width No Prescaler 0.5TCY + 20 — — ns Must also meet 
parameter 42With Prescaler 10 — — ns

41* Tt0L T0CKI Low Pulse Width No Prescaler 0.5TCY + 20 — — ns Must also meet 
parameter 42With Prescaler 10 — — ns

42* Tt0P T0CKI Period No Prescaler TCY + 40 — — ns

With Prescaler Greater of:
20 or TCY + 40
                N

— — ns N = prescale value 
(2, 4, ..., 256)

45* Tt1H T1CKI High Time Synchronous, Prescaler = 1 0.5TCY + 20 — — ns Must also meet 
parameter 47 Synchronous, 

Prescaler = 
2,4,8

PIC16C717/770/771 15 — — ns

PIC16LC717/770/771 25 — — ns

Asynchronous PIC16C717/770/771 30 — — ns

PIC16LC717/770/771 50 — — ns

46* Tt1L T1CKI Low Time Synchronous, Prescaler = 1 0.5TCY + 20 — — ns Must also meet 
parameter 47 Synchronous, 

Prescaler = 
2,4,8

PIC16C717/770/771 15 — — ns

PIC16LC717/770/771 25 — — ns

Asynchronous PIC16C717/770/771 30 — — ns

PIC16LC717/770/771 50 — — ns

47* Tt1P T1CKI input period Synchronous PIC16C717/770/771 Greater of:
30 OR TCY + 40

        N

— — ns N = prescale value 
(1, 2, 4, 8)

PIC16LC717/770/771 Greater of:
50 OR TCY + 40

        N

— — ns N = prescale value 
(1, 2, 4, 8)

Asynchronous PIC16C717/770/771 60 — — ns

PIC16LC717/770/771 100 — — ns

Ft1 Timer1 oscillator input frequency range 
(oscillator enabled by setting bit T1OSCEN)

DC — 50 kHz

48 Tcke2tmr1 Delay from external clock edge to timer increment 2Tosc — 7Tosc —

* 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: Refer to Figure 15-4 for load conditions.

 RB3/CCP1/P1A
(Capture Mode)

50 51

52

53 54

RB3/CCP1/P1A
(Compare or PWM Mode)
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FIGURE 16-28: VOL VS. IOL (-40°C TO +125°C, VDD = 5.0V)

FIGURE 16-29: VOH VS. IOH (-40°C TO +125°C, VDD = 3.0V)
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FIGURE 16-30: VOH VS. IOH (-40°C TO +125°C, VDD = 5.0V)

FIGURE 16-31: MINIMUM AND MAXIMUM VIH/VIL VS. VDD (TTL INPUT,-40°C TO +125°C) 
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17.4 18-Lead Plastic Small Outline (SO) – Wide, 300 mil (SOIC)

Foot Angle  0 4 8 0 4 8

1512015120Mold Draft Angle Bottom

1512015120Mold Draft Angle Top

0.510.420.36.020.017.014BLead Width

0.300.270.23.012.011.009cLead Thickness

1.270.840.41.050.033.016LFoot Length

0.740.500.25.029.020.010hChamfer Distance

11.7311.5311.33.462.454.446DOverall Length

7.597.497.39.299.295.291E1Molded Package Width

10.6710.3410.01.420.407.394EOverall Width

0.300.200.10.012.008.004A1Standoff §

2.392.312.24.094.091.088A2Molded Package Thickness

2.642.502.36.104.099.093AOverall Height

1.27.050pPitch

1818nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits

MILLIMETERSINCHES*Units

L

c



h

45

1

2

D

p

nB

E1

E



A2

A1

A

* Controlling Parameter

Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 
.010” (0.254mm) per side.
JEDEC Equivalent:  MS-013
Drawing No. C04-051

§ Significant Characteristic

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