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PIC16(L)F1717/8/9

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Website at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

« Microchip’s Worldwide Website; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our website at www.microchip.com to receive the most current information on all of our products.

© 2014-2015 Microchip Technology Inc. DS40001740B-page 11




PIC16(L)F1717/8/9

1.0 DEVICE OVERVIEW

TABLE 1-1: DEVICE PERIPHERAL
The PIC16(L)F1717/8/9 devices are described within c

this data sheet. They are available in the following SUMMARY
package configurations: N8
» 28-pin SPDIP, SSOP, SOIC, QFN and UQFN E E E
* 40-pin PDIP and UQFN Peripheral % % %
* 44-pin TQFP S1313
Figure 1-1 and Figure 1-2 show block diagrams of the aja|a
PIC16(L)F1717/8/9 devices. Table 1-2 shows the Analog-to-Digital Converter (ADC) ° ° °
pinout descriptions. Fixed Voltage Reference (FVR) o« | o | o
Reference Table 1-1 for peripherals available per device. Zero-Cross Detection (ZCD) . . .
Temperature Indicator ° ° °
Complementary Output Generator (COG)
o6 [e]e]e
Numerically Controlled Oscillator (NCO)
Nco [ e]e]s
Digital-to-Analog Converter (DAC)
DAC1 ° ° °
DAC2 . ° °
Capture/Compare/PWM (CCP/ECCP) Modules
CCP1 ° ° °
CCP2 ° ° °
Comparators
C1 ° ° °
C2 ° ° °
Configurable Logic Cell (CLC)
CLCH1 ° ° °
CLC2 ° ° °
CLC3 ) ° °
CLC4 ° ° °
Enhanced Universal Synchronous/Asynchronous
Receiver/Transmitter (EUSART)
[EUSART [ o | o | o
Master Synchronous Serial Ports
[vssP [+ [+ ]«
Op Amp
OpAmp1 | o | o | @
OpAmp2 | e ° °
Pulse-Width Modulator (PWM)
PWM3 ° ° °
PWM4 ) ° °
Timers
Timer0 . ° °
Timer1 ° ° °
Timer2 . ° °

DS40001740B-page 12 © 2014-2015 Microchip Technology Inc.
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FIGURE 1-1: PIC16(L)F1718 BLOCK DIAGRAM
Program
Flash Memory
RAM PORTA
—| PORTB
CLKOUT Timing
Generation
[
CLKIN "L'E'Imggg CcPU —p| PORTC
“ Oscillator 4
Figure 2-1: Core Block Diagram
MCLR X—
@= NCO
€= ZCD
Op Amps PWM Timer0 Timer1 Timer2 MSSP Comparators
€= COG
Temp. ADC
indicator | 108t €1 FVR =P DACs CCPs EUSART CLCs

Note 1:

See applicable chapters for more information on peripherals.

© 2014-2015 Microchip Technology Inc.
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8.3 Register Definitions: Voltage Regulator Control

REGISTER 8-1: VREGCON: VOLTAGE REGULATOR CONTROL REGISTER®™

u-0 uU-0 u-0 u-0 uU-0 uU-0 R/W-0/0 R/W-1/1
— — — — — — VREGPM Reserved
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 7-2 Unimplemented: Read as ‘0’
bit 1 VREGPM: Voltage Regulator Power Mode Selection bit

1 = Low-Power Sleep mode enabled in Sleep(z)
Draws lowest current in Sleep, slower wake-up

0 = Normal-Power mode enabled in Sleep(z)
Draws higher current in Sleep, faster wake-up

bit 0 Reserved: Read as ‘1’. Maintain this bit set.

Note 1: PIC16F1717/8/9 only.
2: See Section 34.0 “Electrical Specifications”.

TABLE 8-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Erfg;z;eé
STATUS — — — TO PD z DC C 28
VREGCON® — — — — — — | VREGPM |Reserved | 101
WDTCON — — WDTPS<4:0> SWDTEN 104
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used in Power-Down mode.

Note 1: PIC16F1717/8/9 only.

© 2014-2015 Microchip Technology Inc. DS40001740B-page 101
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FIGURE 10-6: FLASH PROGRAM MEMORY WRITE FLOWCHART

/ 7 Start \‘
K Write Operation /

y \ 4
Determine number of words Enable Write/Erase
to be written into Program or Operation (WREN = 1)
Configuration Memory.
The number of words cannot >
exceed the number of words v
per row.

(word_cnt) Load the value to write
o (PMDATH:PMDATL)

4{ L 4
Write Latches to Flash

: Update the word counter
Disable Interrupts .
(GIE=0) (wordfcnt--) (LWLO =0)
' '
Select Unlc?ck Sequence
Program or Config. Memory Last word to Yes Figure 10-3
(CFGS) write ?
y
4 No CPU stalls while Write
Select Row Address operation completes
(PMADRH:PMADRL) Unlock Sequence (2ms typical)
¢ Figure 10-3
Select Write Operation v
(FREE =0)
" Disable
v No delay when writing to Write/Erase Operation
Program Memory Latches (WREN = 0)
Load Write Latches Only
(LWLO =1) :
Re-enable Interrupts
(GIE=1)
Increment Address
(PMADRH:PMADRL++) ,

End
Write Operation
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REGISTER 11-12: ANSELB: PORTB ANALOG SELECT REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — ANSBS ANSB4 ANSB3 ANSB2 ANSB1 ANSBO
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSB<5:0>: Analog Select between Analog or Digital Function on Pins RB<5:0>, respectively

0 = Digital I/0. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.

REGISTER 11-13: WPUB: WEAK PULL-UP PORTB REGISTER(®}:?)

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUB?7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
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 7-0 WPUB<7:0>: Weak Pull-up Register bits

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global WPUEN bit of the OPTION_REG register must be cleared for individual pull-ups to be enabled.
2:  The weak pull-up device is automatically disabled if the pin is configured as an output.

© 2014-2015 Microchip Technology Inc. DS40001740B-page 131
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11.5 PORTC Registers

11.5.1 DATA REGISTER

PORTC is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISC
(Register 11-18). Setting a TRISC bit (= 1) will make the
corresponding PORTC pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISC bit (= 0) will make the corresponding
PORTC 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 PORTC register (Register 11-17) 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 (LATC).

11.5.2 DIRECTION CONTROL

The TRISC register (Register 11-18) controls the
PORTC pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISC register are maintained set when using them
as analog inputs. /O pins configured as analog inputs
always read ‘0’.

11.5.3 INPUT THRESHOLD CONTROL

The INLVLC register (Register 11-24) controls the input
voltage threshold for each of the available PORTC
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 PORTC register and also the
level at which an interrupt-on-change occurs, if that
feature is enabled. See Table 34-4: 1/O Ports for more
information on threshold levels.

11.5.4 OPEN-DRAIN CONTROL

The ODCONC register (Register 11-22) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONC bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONC bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.5.5 SLEW RATE CONTROL

The SLRCONC register (Register 11-23) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONC bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONC bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.5.6 ANALOG CONTROL

The ANSELC register (Register 11-20) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELC 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 ANSELC bits has no effect on digital
output functions. A pin with TRIS clear and ANSELC set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

Note:  The ANSELC 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.

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.

11.5.7 PORTC 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 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 ANSELC register. Digital output
functions may continue to control the pin when it is in
Analog mode.

DS40001740B-page 134

© 2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9

11.7 PORTD Registers
(PIC16(L)F1717/9 only)

11.7.1 DATA REGISTER

PORTD is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISD
(Register 11-26). Setting a TRISD bit (= 1) will make the
corresponding PORTD pin an input (i.e., put the
corresponding output driver in a High-lmpedance mode).
Clearing a TRISD bit (= 0) will make the corresponding
PORTD 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 PORTD register (Register 11-25) 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 (LATD).

11.7.2 DIRECTION CONTROL

The TRISD register (Register 11-26) controls the
PORTD pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISD register are maintained set when using them
as analog inputs. /O pins configured as analog inputs
always read ‘0.

11.7.3 INPUT THRESHOLD CONTROL

The INLVLD register (Register 11-32) controls the input
voltage threshold for each of the available PORTD
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 PORTD register and also the
level at which an interrupt-on-change occurs, if that
feature is enabled. See Table 34-4: |/O Ports for more
information on threshold levels.

11.7.4 OPEN-DRAIN CONTROL

The ODCOND register (Register 11-30) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCOND bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCOND bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.7.5 SLEW RATE CONTROL

The SLRCOND register (Register 11-31) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCOND bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCOND bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.7.6 ANALOG CONTROL

The ANSELD register (Register 11-28) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELD 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 ANSELD bits has no effect on digital
output functions. A pin with TRIS clear and ANSELD set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

Note:  The ANSELD 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.

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.

11.7.7 PORTD 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 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 ANSELD register. Digital output
functions may continue to control the pin when it is in
Analog mode.

© 2014-2015 Microchip Technology Inc.
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17.1 PWMx Pin Configuration

All PWM outputs are multiplexed with the PORT data
latch. The user must configure the pins as outputs by
clearing the associated TRIS bits.

17.11 FUNDAMENTAL OPERATION

The PWM module produces a 10-bit resolution output.
Timer2 and PR2 set the period of the PWM. The
PWMxDCL and PWMxDCH registers configure the
duty cycle. The period is common to all PWM modules,
whereas the duty cycle is independently controlled.

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

* TMR2 is cleared

* The PWM output is active. (Exception: When the
PWM duty cycle = 0%, the PWM output will
remain inactive.)

* The PWMxDCH and PWMxDCL register values
are latched into the buffers.

Note: The Timer2 postscaler has no effect on the I

PWM operation.

Note: The Timer2 postscaler is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than the

PWM output.

All PWM outputs associated with Timer2 are set when
TMR2 is cleared. Each PWMx is cleared when TMR2
is equal to the value specified in the corresponding
PWMxDCH (8 MSb) and PWMxDCL<7:6> (2 LSb)
registers. When the value is greater than or equal to
PR2, the PWM output is never cleared (100% duty
cycle).

Note: The PWMxDCH and PWMxDCL registers
are double buffered. The buffers are
updated when Timer2 matches PR2. Care
should be taken to update both registers
before the timer match occurs.

17.1.2 PWM OUTPUT POLARITY

The output polarity is inverted by setting the PWMxPOL
bit of the PWMxCON register.

17.1.3 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 17-1.

EQUATION 17-1: PWM PERIOD

PWM Period = [(PR2)+ 1] e 4e TOSC e
(TMR2 Prescale Value)

Note: Tosc = 1/Fosc

17.1.4 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit value
to the PWMxDCH and PWMxDCL register pair. The
PWMxDCH register contains the eight MSbs and the
PWMxDCL<7:6>, the two LSbs. The PWMxDCH and
PWMxDCL registers can be written to at any time.

Equation 17-2 is used to calculate the PWM pulse
width.

Equation 17-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 17-2: PULSE WIDTH

Pulse Width = (PWMxDCH:PWMxDCL<7:6>) e
Tosc e (TMR2 Prescale Value)

Note: Tosc = 1/Fosc

EQUATION 17-3: DUTY CYCLE RATIO

_ (PWMxDCH:PWMxDCL<7:6>)
4(PR2+ 1)

Duty Cycle Ratio

The 8-bit timer TMR2 register is concatenated with the
two Least Significant bits of 1/Fosc, adjusted by the
Timer2 prescaler to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to 1:1.

DS40001740B-page 178

© 2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9

REGISTER 18-2:

COGxCON1: COG CONTROL REGISTER 1

R/W-0/0 R/W-0/0 U-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
GxRDBS GxFDBS = — GxPOLD GxPOLC GxPOLB GxPOLA
bit 7 bit 0

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

u = Bit is unchanged

‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets
q = Value depends on condition

bit 7

bit 6

bit 5-4
bit 3

bit 2

bit 1

bit 0

GxRDBS: COGx Rising Event Dead-band Timing Source Select bit

1 = Delay chain and COGxDBR are used for dead-band timing generation
0 = COGx_clock and COGxDBR are used for dead-band timing generation
GxFDBS: COGx Falling Event Dead-band Timing Source select bit

1 = Delay chain and COGxDF are used for dead-band timing generation
0 = COGx_clock and COGxDBF are used for dead-band timing generation

Unimplemented: Read as ‘0’
GxPOLD: COGxD Output Polarity Control bit

1 = Active level of COGxD output is low
0 = Active level of COGxD output is high

GxPOLC: COGxC Output Polarity Control bit

1 = Active level of COGxC output is low
0 = Active level of COGxC output is high

GxPOLB: COGxB Output Polarity Control bit

1 = Active level of COGxB output is low
0 = Active level of COGxB output is high

GxPOLA: COGxA Output Polarity Control bit

1 = Active level of COGXxA output is low
0 = Active level of COGXxA output is high

DS40001740B-page 204
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REGISTER 19-8:

CLCxGLS1: GATE 2 LOGIC SELECT REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxG2D4T | LCxG2D4N | LCxG2D3T | LCxG2D3N | LCxG2D2T | LCxG2D2N | LCxG2D1T | LCxG2D1N
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 LCxG2D4T: Gate 2 Data 4 True (non-inverted) bit
1 = LCxDA4T is gated into LCxG2
0 = LCxDA4T is not gated into LCxG2
bit 6 LCxG2D4N: Gate 2 Data 4 Negated (inverted) bit
1 = LCxD4N is gated into LCxG2
0 = LCxD4N is not gated into LCxG2
bit 5 LCxG2D3T: Gate 2 Data 3 True (non-inverted) bit
1 = LCxD3T is gated into LCxG2
0 = LCxD3T is not gated into LCxG2
bit 4 LCxG2D3N: Gate 2 Data 3 Negated (inverted) bit
1 = LCxD3N is gated into LCxG2
0 = LCxD3N is not gated into LCxG2
bit 3 LCxG2D2T: Gate 2 Data 2 True (non-inverted) bit
1 = LCxD2T is gated into LCxG2
0 = LCxD2T is not gated into LCxG2
bit 2 LCxG2D2N: Gate 2 Data 2 Negated (inverted) bit
1 = LCxD2N is gated into LCxG2
0 = LCxD2N is not gated into LCxG2
bit 1 LCxG2D1T: Gate 2 Data 1 True (non-inverted) bit
1 = LCxD1T is gated into LCxG2
0 = LCxD1T is not gated into LCxG2
bit 0 LCxG2D1N: Gate 2 Data 1 Negated (inverted) bit

1 = LCxD1N is gated into LCxG2
0 = LCxD1N is not gated into LCxG2

DS40001740B-page 228
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30.7 BAUD RATE GENERATOR

The MSSP module has a Baud Rate Generator
available for clock generation in both 1°C and SPI
Master modes. The Baud Rate Generator (BRG)
reload value is placed in the SSP1ADD register
(Register 30-6). When a write occurs to SSP1BUF, the
Baud Rate Generator will automatically begin counting
down.

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state.

An internal signal “Reload” in Figure 30-40 triggers the
value from SSP1ADD to be loaded into the BRG
counter. This occurs twice for each oscillation of the
module clock line. The logic dictating when the reload
signal is asserted depends on the mode the MSSP is
being operated in.

FIGURE 30-40:

Table 30-4 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSP1ADD.

EQUATION 30-1:

Fosc

FCLOCK = SSPxADD + 1)(4)

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM<3:0> j‘} SSP1ADD<7:0>

SSPM<3:0> —— Reload

SCL —P» Control

Reload
—>

SSPCLK ~— BRG Down Counter |<—— Fosc/2

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSP1ADD when used as a Baud Rate
Generator for I°C. Thisis an implementation
limitation.

TABLE 30-4: MSSP CLOCK RATE W/BRG

Fosc Fcy BRG Value 2 Rollg\féﬁscgf BRG)
32 MHz 8 MHz 13h 400 kHz
32 MHz 8 MHz 19h 308 kHz
32 MHz 8 MHz 4Fh 100 kHz
16 MHz 4 MHz 09h 400 kHz
16 MHz 4 MHz 0Ch 308 kHz
16 MHz 4 MHz 27h 100 kHz
4 MHz 1 MHz 09h 100 kHz

Note:  Referto the I/O port electrical and timing specifications in Table 34-10 and Figure 34-7 to ensure the system

is designed to support IOL requirements.

DS40001740B-page 344
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FIGURE 31-2: EUSART RECEIVE BLOCK DIAGRAM
SPEN RCIDL
RX/DT pin " 'Msb RSR Redgister Lsb
Pin Buffer Data ! X
and Control Recovery . 0 |Start :
" Baud Rate Generalor 7 a e S N e
' ——— | +n
' BRG16 ;
:—ﬁDT Multiplier | x4 | x16 |xe4]—" ;
; SYNC |1|x|o|o| o0 ; | | I
I|SP1BRGH‘ SP1BRG'—‘ BRGH |X|1|1]0|0 Z FERR RX9D|  RC1REG Register FIFo
' BRG16 [X|1]|0|1 '
_______________________________________ 8
Data Bus
—4

RCIF Interrupt
RCIE

The operation of the EUSART module is controlled
through three registers:

» Transmit Status and Control (TX1STA)
* Receive Status and Control (RC1STA)
» Baud Rate Control (BAUD1CON)

These registers are detailed in Register 31-1,
Register 31-2 and Register 31-3, respectively.

The RX and CK input pins are selected with the RXPPS
and CKPPS registers, respectively. TX, CK, and DT
output pins are selected with each pin’s RxyPPS register.
Since the RX input is coupled with the DT output in
Synchronous mode, it is the user’s responsibility to select
the same pin for both of these functions when operating
in Synchronous mode. The EUSART control logic will
control the data direction drivers automatically.

DS40001740B-page 352 © 2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9

FIGURE 31-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TX1REG I 1 ((
Word1  Word 2 ))
BRG Output | Lo L | L1 | | I | |
(Shift Clock) : : S S_l
TX/CK L ) _
pin T N\ StartBit < Bit0X__bitd S X bit7/8_stop it \Startbit < bito
TXIF bit ____1TOY = = e Word 1 ~—Word2 ———
(Transmit Buffer L] [ ((
Reg. Empty Flag) - < 1Tcy ))
TRMT bit Word 1 — Word2 —*
(Transmit Shift Transmit Shift Reg. Transmit Shift Reg
Reg. Empty Flag) — (( :
) )
Note: This timing diagram shows two consecutive transmissions.

TABLE 31-1: SUMMARY OF REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé
BAUD1CON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 362
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 90
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMR1IE 91
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 94
RC1STA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 361
RxyPPS — — — RxyPPS<4:0> 153
SP1BRGL SP1BRG<7:0> 363*
SP1BRGH SP1BRG<15:8> 363*
TRISB TRISB7 TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 130
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 135
TX1REG EUSART Transmit Data Register 353*
TX1STA CSRC TX9 TXEN SYNC SENDB | BRGH TRMT TX9D 360
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for asynchronous transmission.

*

Page provides register information.
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TABLE 31-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | A ctual % S\,Pa?feG Actual % SVP;L?EG Actual % S:jfeG Actual % S\,Pa?feG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 26666 300.0 0.00 16665 300.0 0.00 15359 300.0 0.00 9215
1200 1200 0.00 6666 1200 -0.01 4166 1200 0.00 3839 1200 0.00 2303
2400 2400 0.01 3332 2400 0.02 2082 2400 0.00 1919 2400 0.00 1151
9600 9604 0.04 832 9597 -0.03 520 9600 0.00 479 9600 0.00 287
10417 | 10417 0.00 767 10417 0.00 479 10425 0.08 441 10433 0.16 264
19.2k | 19.18k -0.08 416 19.23k  0.16 259 19.20k  0.00 239 19.20k  0.00 143
57.6k | 57.55k -0.08 138 5747k  -0.22 86 57.60k  0.00 79 57.60k  0.00 47
115.2k | 115.9k  0.64 68 116.3k  0.94 42 1152k 0.00 39 115.2k 0.00 23
SYNC =0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE | A ctual % SvPal?UReG Actual % Svpjfee Actual % S\lljal?feG Actual % Svpa?fee
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 0.01 3332 300.0 0.00 3071 300.1 0.04 832
1200 1200 -0.02 1666 1200 0.04 832 1200 0.00 767 1202 0.16 207
2400 2401 0.04 832 2398 0.08 416 2400 0.00 383 2404 0.16 103
9600 9615 0.16 207 9615 0.16 103 9600 0.00 95 9615 0.16 25
10417 | 10417 0 191 10417 0.00 95 10473 0.53 87 10417 0.00 23
19.2k | 19.23k 0.16 103 19.23k  0.16 51 19.20k  0.00 47 19.23k  0.16 12
576k | 57.14k -0.79 34 58.82k  2.12 16 57.60k  0.00 15 — — —
1152k | 117.6k 2.12 16 1M1.1k  -3.55 8 1152k 0.00 7 — — —
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MOVIW Move INDFn to W MOVLP Move literal to PCLATH
Syntax: [ label ] MOVIW ++FSRn Syntax: [label ] MOVLP k
[ label ] MOVIW --FSRn Operands: 0<k<127
[ label ] MOVIW FSRn++ )
[ label ] MOVIW FSRn-- Operation: k —» PCLATH
[ label | MOVIW K[FSRn] Status Affected: None
Operands: ne[0,1] Description: The 7-bit literal ‘k’ is loaded into the
mm e [00,01, 10, 11] PCLATH register.
-32<k<31
Operation: INDFn - W
Effective address is determined by MOVLW Move literal to W
* FSR + 1 (preincrement) -
- FSR- 1 (predecrement) Syntax: [label] MOVLW k
* FSR + k (relative offset) Operands: 0<k<255
gitﬁ;:he Move, the FSR value will be Operation: K = (W)
« FSR + 1 (all increments) Status Affected: None
+ FSR -1 (all decrements) Description: The 8-bit literal ‘K’ is loaded into W
* Unchanged register. The “don’t cares” will
Status Affected: z assemble as ‘0’s.
Words: 1
Mode Syntax mm Cycles: 1
Preincrement ++FSRn 00 Example: MWLW  Ox5A
Predecrement --FSRn 01 After Instruction
. W = Ox5A
Postincrement FSRn++ 10
Postdecrement FSRn-- 11
MOVWEF Move W to f
Syntax: label] MOVWF f
Description: This instruction is used to move data i [ ]
between W and one of the indirect Operands: 0<f<127
registers (INDFn). Before/after this Operation: (W) > (f)
move, the pointer (FSRn) is updated by )
pre/post incrementing/decrementing it. Status Affected: None
Description: Move data from W register to register
Note: The INDFn registers are not .
physical registers. Any instruction that Words: 1
accesses an INDFn register actually '
accesses the register at the address Cycles: 1
specified by the FSRn. Example: MOWE  OPTI ON_REG
o Before Instruction
FSRn is limited to the range 0000h - _
FFFFh. Incrementing/decrementing it OPTION—RE\?V__ %XT;
beyond these bounds will cause it to After Instruction =
rap-around.
wrap-arou OPTION_REG = Ox4F
W = Ox4F
MOVLB Move literal to BSR
Syntax: [label ] MOVLB k
Operands: 0<k<31
Operation: k - BSR
Status Affected: None
Description: The 5-bit literal 'k’ is loaded into the

Bank Select Register (BSR).
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FIGURE 34-19: SPI SLAVE MODE TIMING (CKE = 0)

« /L
) .

| SP7T1_''_SPT2.. i L :

' "
— - —_— -

. o ! SP7 SP7

— — —» e

SP79 sP78
: o % L
SDO . MSb X bit 6 - 22 -1 >< LSb I z
. : e )) —
' | SP75, SP76 SP77
SDI bit 6 - - 5+1 LSb In

. _SP74_
'« SP73

Note: Refer to Figure 34-4 for load conditions.

FIGURE 34-20: SPI SLAVE MODE TIMING (CKE = 1)

TSP71 SPT2

—= - ' ~— SP77

! SP75, SP76

Sbl MSbIn bit 6 - - -1 LSb In

' SP74

Note: Refer to Figure 34-4 for load conditions.

© 2014-2015 Microchip Technology Inc. DS40001740B-page 427



PIC16(L)F1717/8/9

Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.

Max.
240 Max: 85°C + 30

Typical: 25°C
- Typical

—

/
200 ///
~

%180
2 7
160
7
140
120
10020 25 3.0 3.5 4.0 4.5 5.0 55 6.0
Vob (V)
FIGURE 35-22: IDD, MFINTOSC Mode,

Fosc = 500 kHz, PIC16F1717/8/9 Only.

9
Max.
| T _—
7 —
/
6 // Typical
I — —
EN L — —
g 4 / //
|_—
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1
0
VoD (V)
FIGURE 35-19: IDD, LFINTOSC Mode,
Fosc = 31 kHz, PIC16LF1717/8/9 Only.
24 ‘
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22 B—
20 / Typical
z / —]
ERL /\__’
: 16 //
14 —
Typical: 25°C
102.0 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0
VoD (V)
FIGURE 35-20: IDD, LFINTOSC Mode,
Fosc = 31 kHz, PIC16F1717/8/9 Only.
180
170 ’F"‘ﬁs—z‘é%—“‘
160 Max. ///
|_—
150 //
i / Typical /
140 L~ —
8 / //
130 //
120 //
110 /
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Vob (V)

16 I
14 | [Typical: 25°C | toMHz_
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E o 8 MHz
8
T o8 i
4 MHz
06 — 2 MHz
/
0.4 —
e 1 MHz
|
0.2
16 18 20 22 24 26 28 30 32 34 36 38
Vob (V)
FIGURE 35-23: IDD Typical, HFINTOSC

Mode, PIC16LF1717/8/9 Only.

16 MHz

Iop (mA)

14 -Max: 85°C + 30
1.2
) / e

038 |
4 MHz

0.2

0.6 mHZ —
" M

16 18 20 22 24 26 28 3.0 3.2 3.4

Vob (V)

FIGURE 35-21: IbD, MFINTOSC Mode,
Fosc = 500 kHz, PIC16LF1717/8/9 Only.

3.6 3.8

FIGURE 35-24:
Mode, PIC16LF1717/8/9 Only.

IbD Maximum, HFINTOSC
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Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.

800

Max: -40°C + 30

T I: 25°C
700 «I b Max.
o /_/
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400
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\ O\
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200

16 1.8 20 22 24 26 2.8 3.0 3.2 3.4 3.6 3.8

Vob (V)
FIGURE 35-49: IPD, Comparator, NP Mode
(CxSP = 1), PIC16LF1717/8/9 Only.
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FIGURE 35-50: IPD, Comparator, NP Mode

(CxSP = 1), PIC16F1717/8/9 Only.
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FIGURE 35-51.: VOH vs. |IoH Over

Temperature, VDD = 5.0V, PIC16F1717/8/9 Only.
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FIGURE 35-52: VoL vs. loL Over
Temperature, VDD = 5.0V, PIC16F1717/8/9 Only.
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FIGURE 35-53: VOH vs. loH Over
Temperature, VDD = 3.0V.
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FIGURE 35-54: VoL vs. loL Over
Temperature, VDD = 3.0V.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights unless otherwise stated.
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