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PIC16(L)F1713/6

TABLE 3-11: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on Valueon all
Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 other
POR, BOR
Resets
Bank 10
50Ch
— |— Unimplemented — —
510h
511h |OPA1CON oPatEN | opatse | — Joeae | — | — OPA1PCH<1:0> 00-0 --00 |00-0 --00
512h
— — Unimplemented — —
514h
515h |OPA2CON oPa2N | opazsp | — Joemus | — | — OPA2PCH<1:0> 00-0 --00 |00-0 --00
516h
— |— Unimplemented — —
51Fh
Bank 11
58Ch
to |— Unimplemented — —
59Fh
Bank 12
60Ch
to |[— Unimplemented — —
616h
617h |PWM3DCL PWM3DC<1:0> — — — — — — XX-=- ---- uu-- ----
618h [PWM3DCH PWM3DCH<7:0> XXXX XXXX |uuuu uuuu
619h |PWM3CON PWM3EN | — PWM3OUT | PWM3POL — — — — 0-x0 ---- |u-uu ----
61Ah |PWM4DCL PWM4DCL<1:0> — — — — — — XX-=- ---- uu-- ----
61Bh [PWM4DCH PWM4DCH<7:0> XXXX XXXX |uuuu uuuu
61Ch |PWM4CON PWM4EN | — PWM40UT | PWM4POL — — — — 0-x0 ---- |u-uu ----
61Dh
— |— Unimplemented — —
61Fh
Bank 13
68Ch
to |[— Unimplemented — —
690h
691h |COG1PHR — — COG Rising Edge Phase Delay Count Register - - XX XXXX [--uu uuuu
692h |COG1PHF — — COG Falling Edge Phase Delay Count Register - - XX XXXX [--uu uuuu
693h [COG1BLKR — — COG Rising Edge Blanking Count Register - - XX XXXX [--uu uuuu
694h |COG1BLKF — — COG Falling Edge Blanking Count Register - - XX XXXX [--uu uuuu
695h |COG1DBR — — COG Rising Edge Dead-band Count Register - - XX XXXX [--uu uuuu
696h |COG1DBF — — COG Falling Edge Dead-band Count Register - - XX XXXX [--uu uuuu
697h |COG1CONO G1EN G1LD — G1CS<1:0> G1MD<2:0> 00-0 0000 |[00-0 0000
698h |COG1CON1 G1RDBS G1FDBS — — G1POLD G1POLC G1POLB G1POLA 00-- 0000 |[00-- 0000
699h |COG1RIS G1RIS7 G1RIS6 G1RIS5 G1RIS4 G1RIS3 G1RIS2 G1RIS1 G1RISO 0000 0000 |-000 0000
69Ah |COG1RSIM G1RSIM7 | G1RSIM6 | G1RSIM5 | G1RSIM4 | G1RSIM3 | G1RSIM2 | G1RSIM1 G1RSIMO 0000 0000 |-000 0000
69Bh |COG1FIS G1FIS7 G1FIS6 G1FIS5 G1FIS4 G1FIS3 G1FIS2 G1FIS1 G1FISO 0000 0000 |-000 0000
69Ch |COG1FSIM G1FSIM7 | G1FSIM6 | G1FSIM5 | G1FSIM4 | G1FSIM3 | G1FSIM2 | G1FSIM1 G1FSIMO 0000 0000 |-000 0000
69Dh |COG1ASDO G1ASE G1ARSEN G1ASDBD<1:0> G1ASDAC<1:0> — — 0001 01-- |0001 O1--
69Eh |COG1ASD1 — — — — G1AS3E G1AS2E G1AS1E G1ASOE ---- 0000 (---- 0000
69Fh |COG1STR G1SDATD | G1SDATC | G1SDATB | G1SDATA | G1STRD G1STRC G1STRB G1STRA 0000 0001 |0000 0001
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Note

Shaded locations are unimplemented, read as ‘0.
1: Unimplemented, read as ‘1’.

2:  Unimplemented on PIC16(L)F1713/6.
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6.2.2.7 Internal Oscillator Clock Switch
Timing

When switching between the HFINTOSC, MFINTOSC

and the LFINTOSC, the new oscillator may already be

shut down to save power (see Figure 6-7). If this is the
case, there is a delay after the IRCF<3:0> bits of the

OSCCON register are modified before the frequency

selection takes place. The OSCSTAT register will

reflect the current active status of the HFINTOSC,

MFINTOSC and LFINTOSC oscillators. The sequence

of a frequency selection is as follows:

1. IRCF<3:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. The current clock is held low and the clock
switch circuitry waits for a rising edge in the new
clock.

5. The new clock is now active.

6. The OSCSTAT register is updated as required.

7. Clock switch is complete.

See Figure 6-7 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected. Clock switching
time delays are shown in Table 6-1.

Start-up delay specifications are located in the
oscillator tables of Section 34.0 “Electrical
Specifications”.

DS40001726C-page 68
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TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpizt;
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 83
OPTION_REG WPUEN INTEDG | TMROCS | TMROSE PSA PS<2:0> 256
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 84
PIE2 OSFIE C2IE C1IE — BCL1IE TMRGIE TMRA4IE CCP2IE 85
PIE3 — NCOIE COGIE ZCDIE CLC4IE CLC3IE CLC2IE CLC1IE 86
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMRI1IF 87
PIR2 OSFIF C2IF C1IF — BCL1IF TMRG6IF TMRA4IF CCP2IF 88
PIR3 — NCOIF COGIF ZCDIF CLC4IF CLC3IF CLC2IF CLC1IF 89
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by interrupts.

DS40001726C-page 90 © 2013-2016 Microchip Technology Inc.
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11.1.7 PORTA FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTA pin is multiplexed with other functions.

Each pin defaults to the PORT latch data after reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs are not shown in the peripheral pin select lists.
These inputs are active when the 1/O pin is set for
Analog mode using the ANSELA register. Digital output
functions may continue to control the pin when it is in
Analog mode.

DS40001726C-page 118

© 2013-2016 Microchip Technology Inc.



PIC16(L)F1713/6

11.3 PORTB Registers

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 11-10). 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., enable the output driver and
put the contents of the output latch on the selected pin).
Example 11-1 shows how to initialize an 1/O port.

Reading the PORTB register (Register 11-9) 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 (LATB).

11.3.1 DIRECTION CONTROL

The TRISB register (Register 11-10) controls the
PORTB pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISB register are maintained set when using them
as analog inputs. /O pins configured as analog inputs
always read ‘0’.

11.3.2 OPEN-DRAIN CONTROL

The ODCONB register (Register 11-14) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONB bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONB bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.3.3 SLEW RATE CONTROL

The SLRCONB register (Register 11-15) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONB bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONB bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.3.4 INPUT THRESHOLD CONTROL

The INLVLB register (Register 11-16) controls the input
voltage threshold for each of the available PORTB input
pins. A selection between the Schmitt Trigger CMOS or
the TTL Compatible thresholds is available. The input
threshold is important in determining the value of a read
of the PORTB register and also the level at which an
interrupt-on-change occurs, if that feature is enabled.
See Table 34-4: 1/0O Ports for more information on
threshold levels.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

11.3.5 ANALOG CONTROL

The ANSELB register (Register 11-12) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELB bits has no effect on digital out-
put functions. A pin with TRIS clear and ANSELB set will
still operate as a digital output, but the Input mode will be
analog. This can cause unexpected behavior when exe-
cuting read-modify-write instructions on the affected
port.

Note:  The ANSELB bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

11.3.6 PORTB FUNCTIONS AND OUTPUT
PRIORITIES

Each pin defaults to the PORT latch data after reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0 “Peripheral Pin Select
(PPS) Module” for more information. Analog input
functions, such as ADC and Op Amp inputs, are not
shown in the peripheral pin select lists. These inputs
are active when the 1/O pin is set for Analog mode using
the ANSELB register. Digital output functions continue
to may continue to control the pin when it is in Analog
mode.

DS40001726C-page 124
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REGISTER 13-7: IOCCP: INTERRUPT-ON-CHANGE PORTC POSITIVE EDGE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
I0CCP7 I0CCP6 IOCCP5 IOCCP4 IOCCP3 IOCCP2 I0CCP1 I0CCPO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 IOCCP<7:0>: Interrupt-on-Change PORTC Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a positive going edge. IOCCFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 13-8: IOCCN: INTERRUPT-ON-CHANGE PORTC NEGATIVE EDGE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
IOCCN7 IOCCNG6 IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 IOCCN<7:0>: Interrupt-on-Change PORTC Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. IOCCFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

© 2013-2016 Microchip Technology Inc. DS40001726C-page 145
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18.0 COMPLEMENTARY OUTPUT
GENERATOR (COG) MODULE

The primary purpose of the Complementary Output
Generator (COQG) is to convert a single output PWM sig-
nal into a two output complementary PWM signal. The
COG can also convert two separate input events into a
single or complementary PWM output.

The COG PWM frequency and duty cycle are deter-
mined by a rising event input and a falling event input.
The rising event and falling event may be the same
source. Sources may be synchronous or asynchronous
to the COG_clock.

The rate at which the rising event occurs determines
the PWM frequency. The time from the rising event
input to the falling event input determines the duty
cycle.

A selectable clock input is used to generate the phase
delay, blanking, and dead-band times. Dead-band time
can also be generated with a programmable time delay,
which is independent from all clock sources.

Simplified block diagrams of the various COG modes
are shown in Figure 18-2 through Figure 18-6.

The COG module has the following features:
+ Six modes of operation:
- Steered PWM mode
- Synchronous Steered PWM mode
- Forward Full-Bridge mode
- Reverse Full-Bridge mode
- Half-Bridge mode
- Push-Pull mode
+ Selectable COG_clock clock source
* Independently selectable rising event sources
» Independently selectable falling event sources
* Independently selectable edge or level event
sensitivity
» Independent output polarity selection

» Phase delay with independent rising and falling
delay times

» Dead-band control with:

- independent rising and falling event
dead-band times

- Synchronous and asynchronous timing

+ Blanking control with independent rising and
falling event blanking times

* Auto-shutdown control with:
- Independently selectable shutdown sources
- Auto-restart enable

- Auto-shutdown pin override control
(high, low, off, and Hi-Z)

18.1 Fundamental Operation

18.1.1 STEERED PWM MODES

In steered PWM mode, the PWM signal derived from
the input event sources is output as a single phase
PWM which can be steered to any combination of the
four COG outputs. Outputs are selected by setting the
GxSTRA through GxSTRD bits of the COGxSTR
register (Register 18-9). When the steering bits are
cleared, then the output data is the static level
determined by the GxSDATA through GxSDATD bits of
the COGxSTR register. Output steering takes effect on
the instruction cycle following the write to the
COGXSTR register.

Synchronous steered PWM mode is identical to the
steered PWM mode except that changes to the output
steering take effect on the first rising event after the
COGxSTR register write. Static output data is not
synchronized.

Steering mode configurations are shown in Figure 18-2
and Figure 18-3.

Steered PWM and synchronous steered PWM modes
are selected by setting the GxMD bits of the
COGxCONQO register (Register 18-1) to ‘000’ and ‘001’
respectively.

18.1.2 FULL-BRIDGE MODES

In both Forward and Reverse Full-Bridge modes, two of
the four COG outputs are active and the other two are
inactive. Of the two active outputs, one is modulated by
the PWM input signal and the other is on at 100% duty
cycle. When the direction is changed, the dead-band
time is inserted to delay the modulated output. This
gives the unmodulated driver time to shut down,
thereby, preventing shoot-through current in the series
connected power devices.

In Forward Full-Bridge mode, the PWM input modu-
lates the COGxD output and drives the COGA output at
100%.

In Reverse Full-Bridge mode, the PWM input modu-
lates the COGxB output and drives the COGxC output
at 100%.

The full-bridge configuration is shown in Figure 18-4.
Typical full-bridge waveforms are shown in
Figure 18-12 and Figure 18-13.

Full-Bridge Forward and Full-Bridge Reverse modes
are selected by setting the GxMD bits of the
COGxCONOQO register to ‘010’ and ‘011’, respectively.

© 2013-2016 Microchip Technology Inc.
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FIGURE 18-3: SIMPLIFIED COG BLOCK DIAGRAM (SYNCHRONOUS STEERED PWM MODE, GXMD = 1)
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REGISTER 18-5: COGxFIS: COG FALLING EVENT INPUT SELECTION REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
GxFIS7 GxFI1S6 GxFIS5 GxF1S4 GxFIS3 GxF1S2 GxFIS1 GxFISO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 GxFIS7: COGx Falling Event Input Source 7 Enable bit

1 = NCO1_out is enabled as a falling event input
0 = NCO1_out has no effect on the falling event
bit 6 GxFIS6: COGx Falling Event Input Source 6 Enable bit
1 = PWM3 output is enabled as a falling event input
0 = PWM3 has no effect on the falling event
bit 5 GxFIS5: COGx Falling Event Input Source 5 Enable bit
1 = CCP2 output is enabled as a falling event input
0 = CCP2 output has no effect on the falling event
bit 4 GxFIS4: COGx Falling Event Input Source 4 Enable bit
1 = CCP1is enabled as a falling event input
0 = CCP1 has no effect on the falling event
bit 3 GxFIS3: COGx Falling Event Input Source 3 Enable bit
1 = CLC1 output is enabled as a falling event input
0 = CLC1 output has no effect on the falling event
bit 2 GxFIS2: COGx Falling Event Input Source 2 Enable bit
1 = Comparator 2 output is enabled as a falling event input
0 = Comparator 2 output has no effect on the falling event
bit 1 GxFIS1: COGx Falling Event Input Source 1 Enable bit
1 = Comparator 1 output is enabled as a falling event input
0 = Comparator 1 output has no effect on the falling event
bit 0 GxFIS0: COGx Falling Event Input Source 0 Enable bit

1 = Pin selected with COGxPPS control register is enabled as falling event input
0 = Pin selected with COGxPPS control has no effect on the falling event

© 2013-2016 Microchip Technology Inc. DS40001726C-page 193
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TABLE 29-3: SUMMARY OF REGISTERS ASSOCIATED WITH CCP

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁg;?;
CCP1CON — — DC1B<1:0> CCP1M<3:0> 284
CCPR1L Capture/Compare/PWM Register 1 (LSB) 281*
CCPTMRS P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> CA1TSEL<1:0> 272
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF 10CIF 83
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMRI1IE 84
PIE2 OSFIE C2IE C1IE — BCL1IE TMRGIE TMRA4IE CCP2IE 85
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 87
PIR2 OSFIF C2IF C1IF — BCL1IF TMRG6IF TMRA4IF CCP2IF 88
PR2 Timer2 Period Register 268*
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 126
ANSELC ANSC7 ANSC6 ANSC5 ANSC4 ANSC3 ANSC2 — — 131
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 125
TRISC TRISC7 TRISC6 TRISC5S TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 130
RxyPPS — — — RxyPPS<4:0> 137
CCP1PPS = = = CCP1PPS<4:0> 136
CCP2PPS — — — CCP2PPS<4:0> 136
T2CON — T20UTPS<3:0> TMR20N T2CKPS<1:0> 270
TMR2 Timer2 Module Register 268
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the CCP.

*

Page provides register information.
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30.4 1°C MODE OPERATION

All MSSP I2C communication is byte oriented and
shifted out MSb first. Six SFR registers and two
interrupt flags interface the module with the PIC®
microcontroller and user software. Two pins, SDA and
SCL, are exercised by the module to communicate
with other external 12C devices.

30.4.1 BYTE FORMAT

All communication in 12C is done in 9-bit segments. A
byte is sent from a master to a slave or vice-versa, fol-
lowed by an Acknowledge bit sent back. After the
eighth falling edge of the SCL line, the device output-
ting data on the SDA changes that pin to an input and
reads in an acknowledge value on the next clock
pulse.

The clock signal, SCL, is provided by the master. Data
is valid to change while the SCL signal is low, and
sampled on the rising edge of the clock. Changes on
the SDA line while the SCL line is high define special
conditions on the bus, explained below.

30.4.2 DEFINITION OF 1°C TERMINOLOGY

There is language and terminology in the description
of 12C communication that have definitions specific to
I2C. That word usage is defined below and may be
used in the rest of this document without explanation.
This table was adapted from the Philips I°C
specification.

30.4.3 SDA AND SCL PINS

Selection of any I2C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain. These
pins should be set by the user to inputs by setting the
appropriate TRIS bits.

TABLE 30-2:

I2C BUS TERMS

TERM

Description

Transmitter

The device which shifts data out
onto the bus.

Receiver The device which shifts data in
from the bus.

Master The device that initiates a transfer,
generates clock signals and termi-
nates a transfer.

Slave The device addressed by the
master.

Multi-master A bus with more than one device
that can initiate data transfers.

Arbitration Procedure to ensure that only one

master at a time controls the bus.
Winning arbitration ensures that
the message is not corrupted.

Synchronization

Procedure to synchronize the
clocks of two or more devices on
the bus.

Idle No master is controlling the bus,
and both SDA and SCL lines are
high.

Active Any time one or more master
devices are controlling the bus.

Addressed Slave device that has received a

Slave matching address and is actively
being clocked by a master.

Matching Address byte that is clocked into a

Address slave that matches the value

stored in SSPADD.

Write Request

Slave receives a matching
address with R/W bit clear, and is
ready to clock in data.

Note 1: Data is tied to output zero when an 12c
mode is enabled.

2:  Any device pin can be selected for SDA
and SCL functions with the PPS peripheral.
These functions are bidirectional. The SDA
input is selected with the SSPDATPPS
registers. The SCL input is selected with
the SSPCLKPPS registers. Outputs are
selected with the RxyPPS registers. Itis the
user’s responsibility to make the selections
so that both the input and the output for
each function is on the same pin.

Read Request

Master sends an address byte with
the R/W bit set, indicating that it
wishes to clock data out of the
Slave. This data is the next and all
following bytes until a Restart or
Stop.

Clock Stretching | When a device on the bus hold
SCL low to stall communication.
Bus Collision Any time the SDA line is sampled

low by the module while it is out-
putting and expected high state.

30.4.4 SDA HOLD TIME

The hold time of the SDA pin is selected by the SDAHT
bit of the SSPCONS register. Hold time is the time SDA
is held valid after the falling edge of SCL. Setting the
SDAHT bit selects a longer 300 ns minimum hold time
and may help on buses with large capacitance.
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30.6.13.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out (Case 1).

b) After the SCL pin is deasserted, SCL is sampled
low before SDA goes high (Case 2).

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD and
counts down to zero. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 30-38). If the SCL pin is sampled
low before SDA is allowed to float high, a bus collision
occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 30-39).

FIGURE 30-38: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG TBRG | SDA sampled
low after TBRG,
_______________ set BCLIF
SDA
SDA asserted low
SCL
PEN 4 L
BCLIF
P 0’
SSPIF 0’
FIGURE 30-39: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG |
SDA
T Assert SDA SCL goes low before SDA goes high,
/ set BCLIF
SCL \
PEN 4 L
BCLIF
P 0’
SSPIF )
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REGISTER 31-3: BAUD1CON: BAUD RATE CONTROL REGISTER

R-0/0 R-1/1 u-0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 ABDOVF: Auto-Baud Detect Overflow bit

Asynchronous mode:
1 = Auto-baud timer overflowed
0 = Auto-baud timer did not overflow
Synchronous mode:
Don't care
bit 6 RCIDL: Receive Idle Flag bit
Asynchronous mode:
1 = Receiver is Idle
0 = Start bit has been received and the receiver is receiving
Synchronous mode:

Don’t care
bit 5 Unimplemented: Read as ‘0’
bit 4 SCKP: Synchronous Clock Polarity Select bit

Asynchronous mode:

1 = Transmit inverted data to the TX/CK pin

0 = Transmit non-inverted data to the TX/CK pin

Synchronous mode:

1 = Data is clocked on rising edge of the clock

0 = Data is clocked on falling edge of the clock
bit 3 BRG16: 16-bit Baud Rate Generator bit

1 = 16-bit Baud Rate Generator is used
0 = 8-bit Baud Rate Generator is used

bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:
1 = Receiver is waiting for a falling edge. No character will be received, byte RCIF will be set. WUE
will automatically clear after RCIF is set.
0 = Receiver is operating normally
Synchronous mode:
Don’t care
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Auto-Baud Detect mode is enabled (clears when auto-baud is complete)
0 = Auto-Baud Detect mode is disabled
Synchronous mode:
Don’t care
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RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘" are rotated
one bit to the right through the Carry
flag. If ‘d’ is ‘0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is
placed back in register .
|—> Register
SLEEP Enter Sleep mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
170,
0—->PD
Status Affected: TO, PD
Description: The power-down Status bit, PDis

cleared. Time-out Status bit, TO is
set. Watchdog Timer and its
prescaler are cleared.

The processor is put into Sleep mode
with the oscillator stopped.

SUBLW Subtract W from literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k- (W) —> (W)
Status Affected: C,DC,zZ
Description: The W register is subtracted (2’s
complement method) from the 8-bit
literal ‘k’. The result is placed in the W
register.
C=0 W >k
Cc=1 W <k
DC=0 W<3:0> > k<3:0>
DC=1 W<3:0> < k<3:0>
SUBWF Subtract W from f
Syntax: [label] SUBWF fd
Operands: 0<f<127
d e [0,1]
Operation: (f) - (W) — (destination)
Status Affected: C, DC, Z
Description: Subtract (2's complement method) W
register from register ‘f’. If ‘d’ is ‘0’, the
result is stored in the W
register. If ‘d’ is ‘1’, the result is stored
back in register f.
C=0 W > f
Cc=1 W<f
DC=0 W<3:0> > f<3:0>
DC=1 W<3:0> < f<3:0>
SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{,d}
Operands: 0<f<127
d e [0,1]
Operation: f) — (W) - (E) — dest
Status Affected: C,DC,Z
Description: Subtract W and the BORROW flag

(CARRY) from register ‘f’ (2's
complement method). If ‘d” is ‘0’, the
result is stored in W. If ‘'d’ is ‘1’, the
result is stored back in register ‘f.
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SWAPF Swap Nibbles in f

Syntax: [label] SWAPF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)

Status Affected: None

Description: The upper and lower nibbles of
register ‘f are exchanged. If ‘d’ is ‘0’,
the result is placed in the W register. If
‘d’"is ‘1’, the result is placed in register
.

TRIS Load TRIS Register with W

Syntax: [label] TRIS f

Operands: 5<f<7

Operation: (W) —> TRIS register ‘f

Status Affected: None

Description: Move data from W register to TRIS

register.

When ‘f = 5, TRISA is loaded.
When ‘f = 6, TRISB is loaded.
When ‘f = 7, TRISC is loaded.

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k — (W)
Status Affected: 4
Description: The contents of the W register are
XOR’ed with the 8-bit literal ‘k’. The
result is placed in the W register.
XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127
d e [0,1]
Operation: (W) .XOR. (f) — (destination)
Status Affected: 4
Description: Exclusive OR the contents of the W

register with register ‘f’. If ‘d’ is ‘0’, the
result is stored in the W register. If ‘d’
is ‘1’, the result is stored back in
register ‘f.
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34.0 ELECTRICAL SPECIFICATIONS

34.1 Absolute Maximum Ratings("

Ambient temperature UNder Dias .............oiiiiiiiiii e -40°C to +125°C
StOrage tEMPEIALUIE ..ottt n -65°C to +150°C
Voltage on pins with respect to Vss
on VDD pin
(O 1] i i 7 TSRS UPRR PSPPSR -0.3V to +6.5V
PICTBLEAT A3/ ...ttt ettt ettt sb e e s sab e beeenbeesaeeen -0.3V to +4.0V
ON IMCLR PN ettt ettt ettt ettt e e e e e e e et e e et e e s ee et ee s et e er e -0.3V to +9.0V
Lol T= 11 o 1Y o S -0.3V to (VDD + 0.3V)

Maximum current
on Vss pin®

SA0°C S TA S H8B°C ittt 350 mA
FB5°C S TA S HT125°C ittt e 120 mA

on Vob pin®
“A0°C S TA S H85°C ittt ettt a e bbbt e bt et e nneenaeean 250 mA
H85°C S TA S HT125°C ittt e 85 mA
Sunk by any standard [/O PiN .........ooiieiieiee e e nee e nees 50 mA
Sourced by any standard 1/O PIN .....ooeiiiii s 50 mA
Sourced by any Op AMP OUEPUL PIN ...eeiiiiiieeie e e e 100 mA
Clamp current, 1K (VPIN < 0 OF VPIN > VDD) ..coiiuuiiiiiieeiiieeesiee e eeeee e st eeetee e e e e smneeesnneeesanneeeseeeeasseeeenneeeennnees +20 mA
Total power dissipation(z) ............................................................................................................................... 800 mW

Note 1: Maximum current rating requires even load distribution across I/O pins. Maximum current rating may be
limited by the device package power dissipation characterizations, see Table 34-6: Thermal
Characteristics to calculate device specifications.

2:  Power dissipation is calculated as follows: Pbis = VDD x {IDD — . IoH} + > {(VDD — VOH) x IoH} + (VoI x loL).

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 35-55: VOH vs. loH Over FIGURE 35-56: VoL vs. loL Over
Temperature, VDD = 1.8V, PIC16LF1713/6 Only. Temperature, VDD = 1.8V, PIC16LF1713/6 Only.
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FIGURE 35-57: LFINTOSC Frequency, FIGURE 35-58: LFINTOSC Frequency,
PIC16LF1713/6 Only. PIC16F1713/6 Only.
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FIGURE 35-59: WDT Time-Out Period, FIGURE 35-60: WDT Time-Out Period,
PIC16F1713/6 Only. PIC16LF1713/6 Only.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 35-103: Comparator Hysteresis,
NP Mode (CxSP = 1), Vbbb = 5.5V, Typical
Measured Values, PIC16F1713/6 Only.
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FIGURE 35-105:  Comparator Offset, NP Mode
(CxSP =1), Vpp = 5.5V, Typical Measured Values
From -40°C to 125°C, PIC16F1713/6 Only.
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FIGURE 35-107:  Comparator Response Time
Over Voltage, NP Mode (CxSP = 1), Typical
Measured Values, PIC16F1713/6 Only.
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FIGURE 35-104: Comparator Offset, NP Mode
(CxSP =1), VbD = 5.0V, Typical Measured Values
at 25°C, PIC16F1713/6 Only.
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FIGURE 35-106:  Comparator Response Time
Over Voltage, NP Mode (CxSP = 1), Typical
Measured Values, PIC16LF1713/6 Only.
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FIGURE 35-108:  Comparator Output Filter
Delay Time Over Temp., NP Mode (CxSP = 1),
Typical Measured Values, PIC16LF1713/6 Only.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 300 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 35-115:  ZCD Pin Voltage, Typical
Measured Values
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FIGURE 35-116: ZCD Response Time Over
Voltage, Typical Measured Values.
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FIGURE 35-117: ZCD Pin Current Over ZCD
Pin Voltage, Typical Measured Values From -40°C
to 125°C.
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FIGURE 35-118: ZCD Pin Response Time
Over Current, Typical Measured Values From
-40°C to 125°C.
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FIGURE 35-119: COG Deadband Delay,
DBR/DBF = 32, Typical Measured Values

FIGURE 35-120: COG Deadband DBR/DBF
Delay Per Step, Typical Measured Values.
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THE MICROCHIP WEBSITE

Microchip provides online support via our website at
www.microchip.com. This website is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the website contains the following information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip website at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

+ Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the website
at: http://www.microchip.com/support
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