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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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PIC16C717/770/771
   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



PIC16C717/770/771
FIGURE 3-6: BLOCK DIAGRAM OF RA7/OSC1/CLKIN PIN
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PIC16C717/770/771
TABLE 4-1: PROGRAM MEMORY READ REGISTER SUMMARY

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

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

10Eh PMDATH — — PMD13 PMD12 PMD11 PMD10 PMD9 PMD8 --xx xxxx --uu uuuu

10Ch PMDATL PMD7 PMD6 PMD5 PMD4 PMD3 PMD2 PMD1 PMD0 xxxx xxxx uuuu uuuu

10Fh PMADRH — — — — PMA11 PMA10 PMA9 PMA8 ---- xxxx ---- uuuu

10Dh PMADRL PMA7 PMA6 PMA5 PMA4 PMA3 PMA2 PMA1 PMA0 xxxx xxxx uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Program Memory Read.
DS41120C-page 44   1999-2013 Microchip Technology Inc.



PIC16C717/770/771
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.



PIC16C717/770/771
8.2.3 SOFTWARE INTERRUPT MODE 

When generate software interrupt is chosen, the CCP1
pin is not affected. Only an ECCP interrupt is generated
(if enabled).

8.2.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action. 

The special event trigger output of ECCP resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timer1.

The special event trigger output of ECCP module will
also start an A/D conversion if the A/D module is
enabled.      

FIGURE 8-2: COMPARE MODE 
OPERATION BLOCK 
DIAGRAM

TABLE 8-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1     

Note: The special event trigger will not set the
interrupt flag bit TMR1IF (PIR1<0>).

CCPR1H CCPR1L

TMR1H TMR1L

Comparator
Q S

R

Output
Logic

Special Event Trigger

Set flag bit CCP1IF
(PIR1<2>)

matchRB3/CCP1/

TRISB<3>
CCP1CON<3:0>
Mode Select

Output Enable

P1A Pin

Special event trigger will:
RESET Timer1, but not set interrupt flag bit
TMR1IF (PIR1<0>).

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

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

PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

TRISB PORTB Data Direction Register 1111 1111 1111 1111

TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register xxxx xxxx uuuu uuuu

TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1register xxxx xxxx uuuu uuuu

T1CON — — T1CKPS
1

T1CKP
S0

T1OSCEN T1SYNC TMR1CS TMR1O
N

--00 0000 --uu uuuu

CCPR1L Capture/Compare/PWM register1 (LSB) xxxx xxxx uuuu uuuu

CCPR1H Capture/Compare/PWM register1 (MSB) xxxx xxxx uuuu uuuu

CCP1CON PWM1M1 PWM1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0000 0000 0000 0000

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0'.  Shaded cells are not used by Capture and Timer1.
 1999-2013 Microchip Technology Inc. DS41120C-page 55



PIC16C717/770/771
8.3.7 SYSTEM IMPLEMENTATION

When the ECCP module is used in the PWM mode, the
application hardware must use the proper external pull-
up and/or pull-down resistors on the PWM output pins.
When the microcontroller powers up, all of the I/O pins
are in the high-impedance state. The external pull-up
and pull-down resistors must keep the power switch
devices in the off state until the microcontroller drives
the I/O pins with the proper signal levels, or activates
the PWM output(s).

8.3.8 START-UP CONSIDERATIONS

Prior to enabling the PWM outputs, the P1A, P1B, P1C
and P1D latches may not be in the proper states.
Enabling the TRISB bits for output at the same time
with the CCP module may cause damage to the power
switch devices. The CCP1 module must be enabled in
the proper Output mode with the TRISB bits enabled as
inputs. Once the CCP1 completes a full PWM cycle,
the P1A, P1B, P1C and P1D output latches are prop-
erly initialized. At this time, the TRISB bits can be
enabled for outputs to start driving the power switch
devices. The completion of a full PWM cycle is indi-
cated by the TMR2IF bit going from a '0' to a '1'.

8.3.9 SET UP FOR PWM OPERATION

The following steps should be taken when configuring
the ECCP module for PWM operation:

1. Configure the PWM module:

a) Disable the CCP1/P1A, P1B, P1C and/or
P1D outputs by setting the respective
TRISB bits.

b) Set the PWM period by loading the PR2
register.

c) Set the PWM duty cycle by loading the
CCPR1L register and CCP1CON<5:4>
bits.

d) Configure the ECCP module for the desired
PWM operation by loading the CCP1CON
register. With the CCP1M<3:0> bits select
the active high/low levels for each PWM
output. With the PWM1M<1:0> bits select
one of the available Output modes: Single,
Half-Bridge, Full-Bridge, Forward or Full-
Bridge Reverse.

e) For Half-Bridge Output mode, set the dead-
band delay by loading the P1DEL register.

2. Configure and start TMR2:

a) Clear the TMR2 interrupt flag bit by clearing
the TMR2IF bit in the PIR1 register.

b) Set the TMR2 prescale value by loading the
T2CKPS<1:0> bits in the T2CON register.

c) Enable Timer2 by setting the TMR2ON bit
in the T2CON register.

3. Enable PWM outputs after a new cycle has
started:

a) Wait until TMR2 overflows (TMR2IF bit
becomes a ’1’). The new PWM cycle begins
here.

b) Enable the CCP1/P1A, P1B, P1C and/or
P1D pin outputs by clearing the respective
TRISB bits.

TABLE 8-3: REGISTERS ASSOCIATED WITH PWM     

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

86h, 186h TRISB  PORTB Data Direction Register 1111 1111 1111 1111

11h TMR2  Timer2 register 0000 0000 0000 0000

92h PR2  Timer2 period register 1111 1111 1111 1111

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

15h CCPR1L  Capture/Compare/PWM register1 (LSB) xxxx xxxx uuuu uuuu

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

97h P1DEL  PWM1 Delay value 0000 0000 0000 0000

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0'.  Shaded cells are not used by ECCP module in PWM mode.
DS41120C-page 64   1999-2013 Microchip Technology Inc.
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9.2.11 I2C MASTER MODE REPEATED 
START CONDITION TIMING

A Repeated START condition occurs when the RSEN
bit (SSPCON2<1>) is set high while the I2C module is
in the idle state. When the RSEN bit is set, the SCL pin
is asserted low. When the SCL pin is sampled low, the
baud rate generator is loaded with the contents of
SSPADD<6:0> and begins counting. The SDA pin is
released (brought high) for one baud rate generator
count (TBRG). When the baud rate generator times out,
if SDA is sampled high, the SCL pin will be de-asserted
(brought high). When SCL is sampled high, the baud
rate generator is reloaded with the contents of
SSPADD<6:0> and begins counting. SDA and SCL
must be sampled high for one TBRG period. This action
is then followed by assertion of the SDA pin (SDA is
low) for one TBRG period while SCL is high. As soon as
a START condition is detected on the SDA and SCL
pins, the S bit (SSPSTAT<3>) will be set. Following
this, the baud rate generator is reloaded with the con-
tents of SSPAD<6:0> and begins counting. When the
BRG times out a third time, the RSEN bit in the
SSPCON2 register is automatically cleared and SCL is
pulled low. The SSPIF flag is set, which indicates the
Restart sequence is complete.

    

Immediately following the SSPIF bit transition to true,
the user may write the SSPBUF with the 7-bit address
in 7-bit mode, or the default first address in 10-bit
mode. After the first eight bits are transmitted and an
ACK is received, the user may then perform one of the
following:

• Transmit an additional eight bits of address (if the 
user transmitted the first half of a 10-bit address 
with R/W = 0), 

• Transmit eight bits of data (if the user transmitted 
a 7-bit address with R/W = 0), or

• Receive eight bits of data (if the user transmitted 
either the first half of a 10-bit address or a 7-bit 
address with R/W = 1).

9.2.11.1 WCOL STATUS FLAG

If the user writes the SSPBUF when a Repeated
START sequence is in progress, then WCOL is set and
the contents of the buffer are unchanged (the write
doesn’t occur).      

FIGURE 9-17: REPEAT START CONDITION WAVEFORM       

Note 1: If RSEN is set while another event is in
progress, it will not take effect. Queuing of
events is not allowed.

2: A bus collision during the Repeated
START condition occurs if either of the
following is true: 

a) SDA is sampled low when SCL
goes from low to high.

b) SCL goes low before SDA is
asserted low. This may indicate
that another master is attempting
to transmit a data “1”.

Note: Because queueing of events is not
allowed, writing of the lower five bits of
SSPCON2 is disabled until the Repeated
START condition is complete.

SDA

SCL

Sr = Repeated START

Write to SSPCON2 

Write to SSPBUF occurs here.Falling edge of ninth clock
End of Xmit

At completion of START bit, 
hardware clears RSEN bit

1st Bit

Set S (SSPSTAT<3>)

TBRG

TBRG

SDA = 1,

SDA = 1, 

SCL (no change)

SCL = 1occurs here.

TBRG TBRG TBRG

     and sets SSPIF
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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.
 1999-2013 Microchip Technology Inc. Advance Information DS41120C-page 99



PIC16C717/770/771
10.3 Low Voltage Detect (LVD)

This module is used to generate an interrupt when the
supply voltage falls below a specified “trip” voltage.
This module operates completely under software
control. This allows a user to power the module on
and off to periodically monitor the supply voltage, and
thus minimize total current consumption.

The LVD module is enabled by setting the LVDEN bit in
the LVDCON register. The “trip point” voltage is the
minimum supply voltage level at which the device can
operate before the LVD module asserts an interrupt.
When the supply voltage is equal to or less than the trip
point, the module will generate an interrupt signal set-
ting interrupt flag bit LVDIF. If interrupt enable bit LVDIE
was set, then an interrupt is generated. The LVD inter-
rupt can wake the device from SLEEP. The "trip point"
voltage is software programmable to any one of 16 val-
ues, five of which are reserved (See Figure 10-1). The
trip point is selected by programming the LV<3:0> bits
(LVDCON<3:0>).

Once the LV bits have been programmed for the spec-
ified trip voltage, the low-voltage detect circuitry is then
enabled by setting the LVDEN (LVDCON<4>) bit. 

If the bandgap reference voltage is previously unused
by either the brown-out circuitry or the voltage refer-
ence circuitry, then the bandgap circuit requires a time
to start-up and become stable before a low voltage con-
dition can be reliably detected. The low-voltage inter-
rupt flag is prevented from being set until the bandgap
has reached a stable reference voltage. 

When the bandgap is stable the BGST (LVDCON<5>)
bit is set indicating that the low-voltage interrupt flag bit
is released to be set if VDD is equal to or less than the
LVD trip point.

10.3.1 EXTERNAL ANALOG VOLTAGE INPUT

The LVD module has an additional feature that allows
the user to supply the trip voltage to the module from
an external source. This mode is enabled when
LV<3:0> = 1111. When these bits are set the compar-
ator input is multiplexed from an external input pin
(RA1/AN1/LVDIN).

Note: The LVDIF bit can not be cleared until the
supply voltage rises above the LVD trip
point.  If interrupts are enabled, clear the
LVDIE bit once the first LVD interrupt
occurs to prevent reentering the interrupt
service routine immediately after exiting
the ISR.
DS41120C-page 104   1999-2013 Microchip Technology Inc.
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12.2.4 ER MODE

For timing insensitive applications, the ER (External
Resistor) Clock mode offers additional cost savings.
Only one external component, a resistor connected to
the OSC1 pin and VSS, is needed to set the operating
frequency of the internal oscillator. The resistor draws
a DC bias current which controls the oscillation fre-
quency. In addition to the resistance value, the oscilla-
tor frequency will vary from unit to unit, and as a
function of supply voltage and temperature. Since the
controlling parameter is a DC current and not a capac-
itance, the particular package type and lead frame will
not have a significant effect on the resultant frequency.

Figure 12-3 shows how the controlling resistor is con-
nected to the PIC16C717/770/771. For REXT values
below 38 k, the oscillator operation may become
unstable, or stop completely. For very high REXT values
(e.g. 1M), the oscillator becomes sensitive to noise,
humidity and leakage. Thus, we recommend keeping
REXT between 38 k and 1 M.

FIGURE 12-3: EXTERNAL RESISTOR

The Electrical Specification section shows the relation-
ship between the REXT resistance value and the oper-
ating frequency as well as frequency variations due to
operating temperature for given REXT and VDD values.

The ER Oscillator mode has two options that control
the OSC2 pin. The first allows it to be used as a general
purpose I/O port. The other configures the pin as CLK-
OUT. The ER oscillator does not run during RESET.

12.2.5 INTRC MODE

The internal RC oscillator provides a fixed 4 MHz (nom-
inal) system clock at VDD = 5V and 25C, see “Electri-
cal Specifications” section for information on variation
over voltage and temperature. The INTRC oscillator
does not run during RESET.

12.2.6 CLKOUT

In the INTRC and ER modes, the PIC16C717/770/771
can be configured to provide a clock out signal by pro-
gramming the configuration word. The oscillator fre-
quency, divided by 4, can be used for test purposes or
to synchronize other logic.

In the INTRC and ER modes, if the CLKOUT output is
enabled, CLKOUT is held low during RESET.

12.2.7 DUAL SPEED OPERATION FOR ER 
AND INTRC MODES

A software programmable dual speed oscillator is avail-
able in either ER or INTRC Oscillator modes. This fea-
ture allows the applications to dynamically toggle the
oscillator speed between normal and slow frequencies.
The nominal slow frequency is 37 kHz. In ER mode, the
slow speed operation is fixed and does not vary with
resistor size. Applications that require low current
power savings, but cannot tolerate putting the part into
SLEEP, may use this mode.

The OSCF bit in the PCON register is used to control
Dual Speed mode. See the PCON Register,
Register 2-8, for details.

When changing the INTRC or ER internal oscillator
speed, there is a period of time when the processor is
inactive. When the speed changes from fast to slow,
the processor inactive period is in the range of 100 S
to 300 S. For speed change from slow to fast, the pro-
cessor is in active for 1.25 S to 3.25 S.

RA7/OSC1/CLKIN

RA6/OSC2/CLKOUT

PIC16C717/770/771
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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
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FIGURE 12-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       

FIGURE 12-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    

FIGURE 12-9: SLOW VDD RISE TIME (MCLR TIED TO VDD)      

TPWRT

TOST

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

TOST

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

0V

5V

TPWRT

TOST

Note 1: Time dependent on oscillator circuit

(1)
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14.13 PICDEM 3 Low Cost PIC16CXXX 
Demonstration Board

The PICDEM 3 demonstration board is a simple dem-
onstration board that supports the PIC16C923 and
PIC16C924 in the PLCC package. It will also support
future 44-pin PLCC microcontrollers with an LCD Mod-
ule. All the necessary hardware and software is
included to run the basic demonstration programs. The
user can program the sample microcontrollers pro-
vided with the PICDEM 3 demonstration board on a
PRO MATE II device programmer, or a PICSTART Plus
development programmer with an adapter socket, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 3 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding hardware and connecting it
to the microcontroller socket(s). Some of the features
include a RS-232 interface, push button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the
PICDEM 3 demonstration board is a LCD panel, with 4
commons and 12 segments, that is capable of display-
ing time, temperature and day of the week. The
PICDEM 3 demonstration board provides an additional
RS-232 interface and Windows software for showing
the demultiplexed LCD signals on a PC. A simple serial
interface allows the user to construct a hardware
demultiplexer for the LCD signals. 

14.14 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. All neces-
sary hardware is included to run basic demo programs,
which are supplied on a 3.5-inch disk. A programmed
sample is included and the user may erase it and
program it with the other sample programs using the
PRO MATE II device programmer, or the PICSTART
Plus development programmer, and easily debug and
test the sample code. In addition, the PICDEM 17 dem-
onstration board supports downloading of programs to
and executing out of external FLASH memory on board.
The PICDEM 17 demonstration board is also usable
with the MPLAB ICE in-circuit emulator, or the
PICMASTER emulator and all of the sample programs
can be run and modified using either emulator. Addition-
ally, a generous prototype area is available for user
hardware.

14.15 KEELOQ Evaluation and 
Programming Tools

KEELOQ evaluation and programming tools support
Microchip’s HCS Secure Data Products. The HCS eval-
uation kit includes a LCD display to show changing
codes, a decoder to decode transmissions and a pro-
gramming interface to program test transmitters.
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TABLE 14-1: DEVELOPMENT TOOLS FROM MICROCHIP
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15.2 DC Characteristics: PIC16C717/770/771 & PIC16LC717/770/771 (Commercial, 
Industrial, Extended)

DC CHARACTERISTICS

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

Operating voltage VDD range as described in Section 15.1 and 
Section 15.2.

Param.
No.

Sym Characteristic Min Typ† Max Units Conditions

Input Low Voltage
VIL I/O ports

D030 with TTL buffer VSS — 0.15VDD V For entire VDD range
D030A VSS — 0.8V V 4.5V  VDD 5.5V
D031 with Schmitt Trigger buffer VSS — 0.2VDD V For entire VDD range
D032 MCLR VSS — 0.2VDD V

D033 OSC1 (in XT, HS, LP and EC) VSS — 0.3VDD V
Input High Voltage

VIH I/O ports —

D040
with TTL buffer

2.0 — VDD V 4.5V  VDD 5.5V
D040A (0.25VDD 

+ 0.8V)
— VDD V For entire VDD range

D041 with Schmitt Trigger buffer 0.8VDD — VDD V For entire VDD range
D042 MCLR 0.8VDD — VDD V
D042A OSC1 (XT, HS, LP and EC) 0.7VDD — VDD V
D070 IPURB PORTB weak pull-up current 

per pin
50 250 400 A VDD = 5V, VPIN = VSS

Input Leakage Current (1,2)

D060 IIL I/O ports (with digital functions) — — 1 A Vss VPIN VDD, Pin at hi-impedance
D060A IIL I/O ports (with analog func-

tions)
— — 100 nA Vss VPIN VDD, Pin at hi-impedance

D061 RA5/MCLR/VPP — — 5 A Vss VPIN VDD

D063 OSC1 — — 5 A Vss VPIN VDD, XT, HS, LP and EC 
osc configuration

Output Low Voltage
D080 VOL I/O ports — — 0.6 V IOL = 8.5 mA, VDD = 4.5V

Output High Voltage
D090 VOH I/O ports(2) VDD - 0.7 — — V IOH = -3.0 mA, VDD = 4.5V

D150* VOD Open Drain High Voltage — — 10.5 V RA4 pin
Capacitive Loading Specs on 
Output Pins*

D100 COS
C2

OSC2 pin — — 15 pF In XT, HS and LP modes when exter-
nal clock is used to drive OSC1.

D101
D102

CIO

CB

All I/O pins and OSC2 (in RC 

mode) SCL, SDA in I2C mode

—
—

—
—

50
400

pF
pF

CVRH VRH pin — — 200 pF VRH output enabled
CVRL VRL pin — — 200 pF VRL output 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: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages.
2: Negative current is defined as current sourced by the pin.
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TABLE 15-3: CALIBRATED INTERNAL RC FREQUENCIES - PIC16C717/770/771 AND 
PIC16LC717/770/771

FIGURE 15-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING

FIGURE 15-8: BROWN-OUT RESET TIMING

AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C  TA  +70°C for commercial

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

Operating Voltage VDD range is described in Section  and Section

Parameter 
No.

Sym Characteristic Min Typ(1)* Max Units Conditions

FIRC
Internal Calibrated RC Frequency 3.65 4.00 4.28 MHz VDD = 5.0V

Internal RC Frequency* 3.55 4.00 4.31 MHz VDD = 2.5V

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is at 5V, 25C unless otherwise stated. These parameters are for design 

guidance only and are not tested.

VDD

MCLR

Internal
POR

PWRT
Time-out

OSC
Time-out

Internal
RESET

Watchdog
Timer

RESET

33

32

30

31
34

I/O Pins

34

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

VDD VBOR

35
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15.4.5 A/D CONVERTER MODULE

TABLE 15-11: PIC16C770/771 AND PIC16LC770/771 A/D CONVERTER CHARACTERISTICS:

Param. 
No.

Sym Characteristic Min Typ† Max Units Conditions

A01 NR Resolution — — 12 bits bit Min. resolution for A/D is 1 mV,
VREF+ = AVDD = 4.096V, 
VREF- = AVSS = 0V,
VREF-  VAIN  VREF+

A03 EIL Integral error — — ±2 LSb VREF+ = AVDD = 4.096V, 
VREF- = AVSS = 0V,
VREF-  VAIN  VREF+

A04 EDL Differential error — — +2

-1

LSb No missing codes to 12 bits
VREF+ = AVDD = 4.096V, 
VREF- = AVSS = 0V,
VREF-  VAIN  VREF+

A06 EOFF Offset error — — ±2 LSb VREF+ = AVDD = 4.096V, 
VREF- = AVSS = 0V,
VREF-  VAIN  VREF+

A07 EGN Gain Error — — ±2 LSb VREF+ = AVDD = 4.096V, 
VREF- = AVSS = 0V,
VREF-  VAIN  VREF+

A10 — Monotonicity — Note 3 — — AVSS   VAIN   VREF+

A20* VREF Reference voltage 
(VREF+ - VREF-)

4.096 — VDD 
+0.3V

V Absolute minimum electrical spec to 
ensure 12-bit accuracy.

A21* VREF+ Reference V High
(AVDD or VREF+)

VREF- — AVDD V Min. resolution for A/D is 1 mV

A22* VREF- Reference V Low
(AVSS or VREF-)

AVSS — VREF+ V Min. resolution for A/D is 1 mV

A25* VAIN Analog input volt-
age

VREFL — VREFH V

A30* ZAIN Recommended 
impedance of ana-
log voltage source

— — 2.5 k

A50* IREF VREF input current 
(Note 2)

— — 10 A During VAIN acquisition. 
Based on differential of VHOLD to 
VAIN.
To charge CHOLD see Section 11.0.
During A/D conversion cycle.

* 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: When A/D is off, it will not consume any current other than minor leakage current. The power-down current
spec includes any such leakage from the A/D module.

2: VREF input current is from External VREF+, or VREF-, or AVSS, or AVDD pin, whichever is selected as refer-
ence input.

3: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
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TABLE 15-22: MASTER SSP I2C BUS DATA REQUIREMENTS      
Param.

No.
Symbol Characteristic Min Max Units Conditions

100* THIGH Clock high time 100 kHz mode 2(TOSC)(BRG + 1) — ms
400 kHz mode 2(TOSC)(BRG + 1) — ms

1 MHz mode(1) 2(TOSC)(BRG + 1) — ms

101* TLOW Clock low time 100 kHz mode 2(TOSC)(BRG + 1) — ms
400 kHz mode 2(TOSC)(BRG + 1) — ms

1 MHz mode(1) 2(TOSC)(BRG + 1) — ms

102* TR SDA and SCL 
rise time

100 kHz mode — 1000 ns Cb is specified to be from 
10 to 400 pF 400 kHz mode 20 + 0.1Cb 300 ns

1 MHz mode(1) — 300 ns

103* TF SDA and SCL 
fall time

100 kHz mode — 300 ns Cb is specified to be from 
10 to 400 pF 400 kHz mode 20 + 0.1Cb 300 ns

1 MHz mode(1) — 100 ns

90* TSU:STA START condition 
setup time

100 kHz mode 2(TOSC)(BRG + 1) — ms Only relevant for Repeated 
START 
condition

400 kHz mode 2(TOSC)(BRG + 1) — ms

1 MHz mode(1) 2(TOSC)(BRG + 1) — ms

91* THD:STA START condition 
hold time 

100 kHz mode 2(TOSC)(BRG + 1) — ms After this period the first clock 
pulse is generated400 kHz mode 2(TOSC)(BRG + 1) — ms

1 MHz mode(1) 2(TOSC)(BRG + 1) — ms

106* THD:DAT Data input 
hold time

100 kHz mode 0 — ns
400 kHz mode 0 0.9 ms

1 MHz mode(1) TBD — ns

107* TSU:DAT Data input 
setup time

100 kHz mode 250 — ns Note 2
400 kHz mode 100 — ns

1 MHz mode(1) TBD — ns

92* TSU:STO STOP condition 
setup time

100 kHz mode 2(TOSC)(BRG + 1) — ms
400 kHz mode 2(TOSC)(BRG + 1) — ms

1 MHz mode(1) 2(TOSC)(BRG + 1) — ms

109* TAA Output valid from 
clock

100 kHz mode — 3500 ns
400 kHz mode — 1000 ns

1 MHz mode(1) — — ns

110 TBUF Bus free time 100 kHz mode 4.7 ‡ — ms Time the bus must be free 
before a new transmission 
can start

400 kHz mode 1.3 ‡ — ms

1 MHz mode(1) TBD‡ — ms

D102 ‡ Cb Bus capacitive loading —  400 pF 

* These parameters are characterized but not tested. For the value required by the I2C specification, please refer to the 

PICmicroTM Mid-Range MCU Family Reference Manual (DS33023).
‡ These parameters are for design guidance only and are not tested, nor characterized.

Note 1: Maximum pin capacitance = 10 pF for all I2C pins. 
2: A Fast mode I2C bus device can be used in a Standard mode I2C bus system, but (TSU:DAT)  250 ns must then be met. 

This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does 
stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line. 
[(TR) + (TSU:DAT) = 1000 + 250 = 1250 ns], for 100 kHz mode, before the SCL line is released.
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PIC16C717/770/771
FIGURE 16-26: TYPICAL AND MAXIMUM IBOR VS. VDD (-40°C TO +125°C) (VBOR = 4.5V)

FIGURE 16-27: VOL VS. IOL (-40°C TO +125°C, VDD = 3.0V)
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