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PIC16(L)F1717/8/9

TABLE 1-3: PIC16(L)F1717/9 PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_lyppuet O_F’;g:t Description
ouT® C10UT CMOS | Comparator 1 output.
C20UT CMOS | Comparator 2 output.
CCP1 CMOS | Compare/PWM1 output.
CCP2 CMOS | Compare/PWM2 output.
NCO10UT CMOS | Numerically controlled oscillator output.
PWM3OUT CMOS | PWM3 output.
PWM40OUT CMOS | PWM4 output.
COG1A CMOS | Complementary output generator output A.
COG1B CMOS | Complementary output generator output B.
COG1C CMOS | Complementary output generator output C.
COG1D CMOS | Complementary output generator output D.
SDA®G) OD | I?C Data output.
SCK CMOS | SPI clock output.
scL® OD | I2C clock output.
SDO CMOS | SPI data output.
TX/ICK CMOS | EUSART asynchronous TX data/synchronous clock out.
DT® CMOS | EUSART synchronous data output.
CLC10UT CMOS | Configurable Logic Cell 1 output.
CLC20UT CMOS | Configurable Logic Cell 2 output.
CLC30UT CMOS | Configurable Logic Cell 3 output.
CLC40UT CMOS | Configurable Logic Cell 4 output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain

Note 1:
2:

3:

TTL = TTL compatible input ST
HV = High Voltage

= Schmitt Trigger input with CMOS levels I2C = Schmitt Trigger input with 1’c
XTAL = Crystal levels

Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.

All pin digital outputs default to PORT latch data. Alternate outputs can be selected as the peripheral digital output with
the PPS output selection registers.
These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
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3.0 MEMORY ORGANIZATION

These devices contain the following types of memory:

* Program Memory
- Configuration Words
- Device ID
- UserID
- Flash Program Memory
» Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM

Note 1: The method to access Flash memory
through the PMCON registers is described
in Section 10.0 “Flash Program Memory
Control”.

The following features are associated with access and
control of program memory and data memory:

* PCL and PCLATH
» Stack
* Indirect Addressing

3.1 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory space. Table 3-1 shows the memory sizes
implemented for the PIC16(L)F1717/8/9 family.
Accessing a location above these boundaries will cause
a wrap-around within the implemented memory space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figure 3-1).

3.2 High-Endurance Flash

This device has a 128-byte section of high-endurance
program Flash memory (PFM) in lieu of data EEPROM.
This area is especially well suited for nonvolatile data
storage that is expected to be updated frequently over
the life of the end product. See Section 10.2 “Flash
Program Memory Overview” for more information on
writing data to PFM. See Section 3.2.1.2 “Indirect
Read with FSR” for more information about using the
FSR registers to read byte data stored in PFM.

TABLE 3-1: DEVICE SIZES AND ADDRESSES
Device Program Memory Space Last Program Memory High-Endurance Flash
(Words) Address Memory Address Range?
PIC16(L)F1717 8,192 1FFFh 1F80h-1FFFh
PIC16(L)F1718/9 16,384 3FFFh 3F80h-3FFFh

Note 1: High-endurance Flash applies to the low byte of each address in the range.
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TABLE 3-5: PIC16(L)F1717 MEMORY MAP, BANK 8-23
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch — 60Ch — 68Ch — 70Ch — 78Ch —
40Dh — 48Dh — 50Dh — 58Dh — 60Dh — 68Dh — 70Dh — 78Dh —
40Eh — 48Eh — 50Eh — 58Eh — 60Eh — 68Eh — 70Eh — 78Eh —
40Fh — 48Fh — 50Fh — 58Fh — 60Fh — 68Fh — 70Fh — 78Fh —
410h — 490h — 510h — 590h — 610h — 690h — 710h — 790h —
411h — 491h — 511h OPA1CON 591h — 611h — 691h COG1PHR 711h — 791h —
412h — 492h — 512h — 592h — 612h — 692h COG1PHF 712h — 792h —
413h — 493h — 513h — 593h — 613h — 693h COG1BLKR 713h — 793h —
414h — 494h — 514h — 594h — 614h — 694h COG1BLKF 714h — 794h —
415h TMR4 495h — 515h OPA2CON 595h — 615h — 695h COG1DBR 715h — 795h —
416h PR4 496h — 516h — 596h — 616h — 696h COG1DBF 716h — 796h —
417h T4CON 497h — 517h — 597h — 617h PWM3DCL 697h| COGI1CONO | 717h — 797h —
418h — 498h NCO1ACCL 518h — 598h — 618h PWM3DCH 698h| COG1CONT1 718h — 798h —
41%h — 499 NCO1ACCH 519h — 599h — 619h PWM3CON 699h COG1RIS 719h — 799h —
41Ah — 49Ah| NCO1ACCU | 51Ah — 59Ah — 61Ah PWM4DCL 69Ah COG1RSIM 71Ah — 79Ah —
41Bh — 49Bh NCO1INCL 51Bh — 59Bh — 61Bh PWM4DCH 69Bh COG1FIS 71Bh — 79Bh —
41Ch TMR6 49Ch NCO1INCH 51Ch — 59Ch — 61Ch PWM4CON 69Ch COG1FSIM 71Ch — 79Ch —
41Dh PR6 49Dh NCO1INCU 51Dh — 59Dh — 61Dh — 69Dh COG1ASDO | 71Dh — 79Dh —
41Eh T6CON 49Eh NCO1CON 51Eh — 59Eh — 61Eh — 69Eh COG1ASD1 71Eh — 79Eh —
41Fh — 49Fh NCO1CLK 51Fh — 59Fh — 61Fh — 69Fh COG1STR 71Fh — 79Fh —
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
General Purpose
General General General General Register 48 Bytes ) ) )
Purpose Purpose Purpose Purpose 64Fh Unimplemented Unimplemented Unimplemented
Register Register Register Register 650h . Read as ‘0’ Read as ‘0’ Read as ‘0’
80 Bytes 80 Bytes 80 Bytes 80 Bytes Unémp(ljeme‘nt’ed
46Fh 4EFh 56Fh 5EFh g6Fn| eadas 0 | eepy 76Fh 7EFh
470h 4FOh 570h 5F0h 670h 6F0h 770h 7FOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h —7Fh 70h - 7Fh 70h —7Fh 70h —7Fh 70h - 7Fh
47Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh 7FFh
BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21 BANK 22 BANK 23
800h 880h 900h 980h AO0Oh A80h BOOh B80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
80Bh 88Bh 90Bh 98Bh AOBh A8Bh BOBh B8Bh
80Ch 88Ch 90Ch 98Ch AOCh A8Ch BOCh B8Ch
Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
86Fh 8EFh 96Fh 9EFh A6Fh AEFh B6Fh BEFh
870h Accesses 8FOh Accesses 970h Accesses 9FOh Accesses A70h Accesses AFOh Accesses B70h Accesses BFOR Accesses
70h —7Fh 70h - 7Fh 70h - 7Fh 70h —7Fh 70h —7Fh 70h - 7Fh 70h —7Fh 70h - 7Fh
87Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh BFFh
Legend: = Unimplemented data memory locations, read as ‘0’.
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PIC16(L)F1717/8/9

FIGURE 6-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
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11.0 1/0 PORTS

Each port has six standard registers for its operation.
These registers are:

» TRISx registers (data direction)

* PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

* INLVLx (input level control)

» ODCONXx registers (open-drain)

» SLRCONX registers (slew rate)

Some ports may have one or more of the following
additional registers. These registers are:

* ANSELXx (analog select)
* WPUXx (weak pull-up)

In general, when a peripheral is enabled on a port pin,
that pin cannot be used as a general purpose output.
However, the pin can still be read.

TABLE 11-1: PORT AVAILABILITY PER

DEVICE
<C [ad] (@] [a) L
Devi E |l k| | R |E
evice o |l ol ol o] o
o o o o o

PIC16(L)F1717 ° °
PIC16(L)F1718 ° °
PIC16(L)F1719 ) ° ° ° °
The Data Latch (LATx registers) is useful for

read-modify-write operations on the value that the 1/0
pins are driving.

A write operation to the LATx register has the same
effect as a write to the corresponding PORTX register.
A read of the LATx register reads of the values held in
the 1/0 PORT latches, while a read of the PORTx
register reads the actual I/O pin value.

Ports that support analog inputs have an associated
ANSELX register. When an ANSEL bit is set, the digital
input buffer associated with that bit is disabled.
Disabling the input buffer prevents analog signal levels
on the pin between a logic high and low from causing
excessive current in the logic input circuitry. A
simplified model of a generic /O port, without the
interfaces to other peripherals, is shown in Figure 11-1.

FIGURE 11-1: GENERIC I/O PORT

OPERATION

Read LATx

TRISX

¢ D Q

Write LATx
Write PORTX|

CK_ A VDD

Data Register

Data Bus
Read PORTx
To digital peripherals €¢—————
ANSELXx

1/0 pin

Vss

To analog peripherals <

11.1 PORTA Registers

11.1.1 DATA REGISTER

PORTA is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 11-2). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). Example 11-1 shows how to
initialize PORTA.

Reading the PORTA register (Register 11-1) 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 (LATA).

11.1.2 DIRECTION CONTROL

The TRISA register (Register 11-2) controls the
PORTA pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISA register are maintained set when using
them as analog inputs. I/O pins configured as analog
inputs always read ‘0’.

11.1.3 OPEN-DRAIN CONTROL

The ODCONA register (Register 11-6) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONA bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONA bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

DS40001740B-page 122
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PIC16(L)F1717/8/9

REGISTER 11-28: ANSELD: PORTD ANALOG SELECT 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
ANSD7 ANSD6 ANSDS5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO
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

ANSD<7:0>: Analog Select between Analog or Digital Function on Pins RD<7:0>, respectively(l)
0 = Digital I/0. Pin is assigned to port or digital special function.

1 = Analog input. Pin is assigned as analog input(Y). 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 11-29: WPUD: WEAK PULL-UP PORTD REGISTER(®:2)

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
WPUD7 WPUD6 WPUD5 WPUD4 WPUD3 WPUD2 WPUD1 WPUDO
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 WPUD<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 141
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11.9 PORTE Registers

1191  DATA REGISTER (RE<2:0>
PIC16(L)F1717/9 ONLY)

PORTE is a 4-bit wide input port and 3-bit wide output
port. The corresponding data direction register is TRISE
(Register 11-34). Setting a TRISE bit (= 1) will make the
corresponding PORTE pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISE bit (= 0) will make the corresponding
PORTE 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 PORTE register (Register 11-33) 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 (LATE).

11.9.2  DIRECTION CONTROL (TRISE<2:0>
PIC16(L)F1717/9 ONLY)

The TRISE register (Register 11-34) controls the
PORTE pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISE register are maintained set when using them
as analog inputs. /O pins configured as analog inputs
always read ‘0’.

11.9.3  INPUT THRESHOLD CONTROL
(PIC16(L)F1717/9 ONLY)

The INLVLE register (Register 11-40) controls the input
voltage threshold for each of the available PORTE
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 PORTE register and also the level
at which an interrupt-on-change occurs, if that feature
is enabled. See Table 34-4: 1/0 Ports for more
information on threshold levels.

11.9.4  OPEN-DRAIN CONTROL
(PIC16(L)F1717/9 ONLY)

The ODCONE register (Register 11-38) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONE bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONE bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

1195  SLEW RATE CONTROL
(PIC16(L)F1717/9 ONLY)

The SLRCONE register (Register 11-39) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONE bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONE bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.9.6  ANALOG CONTROL
(PIC16(L)F1717/9 ONLY)

The ANSELE register (Register 11-36) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELE 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 ANSELE bits has no effect on digital
output functions. A pin with TRIS clear and ANSELE 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 ANSELE 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.

11.9.7  PORTE FUNCTIONS AND OUTPUT
PRIORITIES (PIC16(L)F1717/9
ONLY)

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 ANSELE register. Digital output
functions may continue to control the pin when it is in
Analog mode.
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15.0 TEMPERATURE INDICATOR
MODULE

This family of devices is equipped with a temperature
circuit designed to measure the operating temperature
of the silicon die. The circuit's range of operating
temperature falls between -40°C and +85°C. The
output is a voltage that is proportional to the device
temperature. The output of the temperature indicator is
internally connected to the device ADC.

The circuit may be used as a temperature threshold
detector or a more accurate temperature indicator,
depending on the level of calibration performed. A one-
point calibration allows the circuit to indicate a
temperature closely surrounding that point. A two-point
calibration allows the circuit to sense the entire range
of temperature more accurately. Reference Application
Note AN1333, “Use and Calibration of the Internal
Temperature Indicator” (DS01333) for more details
regarding the calibration process.

15.1 Circuit Operation

Figure 15-1 shows a simplified block diagram of the
temperature circuit. The proportional voltage output is
achieved by measuring the forward voltage drop across
multiple silicon junctions.

Equation 15-1 describes the output characteristics of
the temperature indicator.

EQUATION 15-1: VouT RANGES

ngh Range: VOUT = VDD_4VT

Low Range: VOUT = VDD‘2VT

The temperature sense circuit is integrated with the
Fixed Voltage Reference (FVR) module. See
Section 14.0 “Fixed Voltage Reference (FVR)" for
more information.

The circuit is enabled by setting the TSEN bit of the
FVRCON register. When disabled, the circuit draws no
current.

The circuit operates in either high or low range. The high
range, selected by setting the TSRNG bit of the
FVRCON register, provides a wider output voltage. This
provides more resolution over the temperature range,
but may be less consistent from part to part. This range
requires a higher bias voltage to operate and thus, a
higher VDD is needed.

The low range is selected by clearing the TSRNG bit of
the FVRCON register. The low range generates a lower
voltage drop and thus, a lower bias voltage is needed to
operate the circuit. The low range is provided for low
voltage operation.

FIGURE 15-1: TEMPERATURE CIRCUIT

DIAGRAM

VDD

— TsEN

To ADC
Temp. Indicator

15.2 Minimum Operating VDD

When the temperature circuit is operated in low range,
the device may be operated at any operating voltage
that is within specifications.

When the temperature circuit is operated in high range,
the device operating voltage, VDD, must be high
enough to ensure that the temperature circuit is
correctly biased.

Table 15-1 shows the recommended minimum VDD vs.
range setting.

TABLE 15-1: RECOMMENDED VDD VS.
RANGE

Min. VDD, TSRNG =1 Min. VDD, TSRNG =0

3.6V 1.8V

15.3 Temperature Output

The output of the circuit is measured using the internal
Analog-to-Digital Converter. A channel is reserved for
the temperature circuit output. Refer to Section 21.0
“Analog-to-Digital Converter (ADC) Module” for
detailed information.
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18.4 Output Control

Upon disabling, or immediately after enabling the COG
module, the primary COG outputs are inactive and
complementary COG outputs are active.

18.4.1 OUTPUT ENABLES

There are no output enable controls in the COG mod-
ule. Instead, each device pin has an individual output
selection control called the PPS register. All four COG
outputs are available for selection in the PPS register
of every pin.

When a COG output is enabled by PPS selection, the
output on the pin has several possibilities, which
depend on the steering control, GXEN bit, and shut-
down state as shown in Table 18-1

TABLE 18-1: PIN OUTPUT STATES

GXEN COCE:i(tSTR Shutdown Output
X 0 Inactive | Static steering data
X 1 Active Shutdown override
0 1 Inactive Inactive state
1 1 Inactive | Active PWM signal

18.4.2 POLARITY CONTROL

The polarity of each COG output can be selected
independently. When the output polarity bit is set, the
corresponding output is active low. Clearing the output
polarity bit configures the corresponding output as
active high. However, polarity affects the outputs in
only one of the four shutdown override modes. See
Section 18.8, Auto-shutdown Control for more details.

Output polarity is selected with the GxPOLA through
GxPOLD bits of the COGxCON1 register
(Register 18-2).

18.5 Dead-Band Control

The dead-band control provides for non-overlapping
PWM output signals to prevent shoot-through current
in the external power switches. Dead time affects the
output only in the Half-Bridge mode and when chang-
ing direction in the Full-Bridge mode.

The COG contains two dead-band timers. One
dead-band timer is used for rising event dead-band
control. The other is used for falling event dead-band
control. Timer modes are selectable as either:

« Asynchronous delay chain

» Synchronous counter

The dead-band Tmer mode is selected for the
rising_event and falling_event dead-band times with

the respective GxRDBS and GxFDBS bits of the
COGxCONT1 register (Register 18-2).

In Half-Bridge mode, the rising_event dead-band time
delays all selected primary outputs from going active
for the selected dead time after the rising event.
COGxA and COGxC are the primary outputs in
Half-Bridge mode.

In Half-Bridge mode, the falling_event dead-band time
delays all selected complementary outputs from going
active for the selected dead time after the falling event.
COGxB and COGxD are the complementary outputs in
Half-Bridge mode.

In Full-Bridge mode, the dead-time delay occurs only
during direction changes. The modulated output is
delayed for the falling_event dead time after a direction
change from forward to reverse. The modulated output
is delayed for the rising_event dead time after a direc-
tion change from reverse to forward.

18.5.1 ASYNCHRONOUS DELAY CHAIN
DEAD-BAND DELAY

Asynchronous dead-band delay is determined by the
time it takes the input to propagate through a series of
delay elements. Each delay element is a nominal five
nanoseconds.

Set the COGxDBR register (Register 18-10) value to
the desired number of delay elements in the
rising_event dead-band time. Set the COGxDBF regis-
ter (Register 18-11) value to the desired number of
delay elements in the falling_event dead-band time.
When the value is zero, dead-band delay is disabled.

18.5.2 SYNCHRONOUS COUNTER
DEAD-BAND DELAY

Synchronous counter dead band is timed by counting
COG_clock periods from zero up to the value in the
dead-band count register. Use Equation 18-1 to
calculate dead-band times.

Set the COGxDBR count register value to obtain the
desired rising_event dead-band time. Set the
COGxDBF count register value to obtain the desired
falling_event dead-band time. When the value is zero,
dead-band delay is disabled.

18.5.3 SYNCHRONOUS COUNTER
DEAD-BAND TIME UNCERTAINTY

When the rising and falling events that trigger the
dead-band counters come from asynchronous inputs,
it creates uncertainty in the synchronous counter
dead-band time. The maximum uncertainty is equal to
one COG_clock period. Refer to Example 18-1 for
more detail.

When event input sources are asynchronous with no
phase delay, use the asynchronous delay chain
dead-band mode to avoid the dead-band time
uncertainty.
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18.13 Register Definitions: COG Control

REGISTER 18-1: COGxCONO: COG CONTROL REGISTER 0

R/W-0/0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
GxEN GxLD — GxCS<1:0> GxMD<2:0>
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 GXEN: COGx Enable bit
1 = Module is enabled
0 = Module is disabled
bit 6 GxLD: COGx Load Buffers bit
1 = Phase, blanking, and dead-band buffers to be loaded with register values on next input events
0 = Register to buffer transfer is complete
bit 5 Unimplemented: Read as ‘0’
bit 4-3 GxCS<1:0>: COGx Clock Selection bits
11 = Reserved. Do not use.
10 = COG_clock is HFINTOSC (stays active during Sleep)
01 = COG_clock is Fosc
00 = COG_clock is Fosc/4
bit 2-0 GxMD<2:0>: COGx Mode Selection bits

11x = Reserved. Do not use.

101 = COG outputs operate in Push-Pull mode

100 = COG outputs operate in Half-Bridge mode

011 = COG outputs operate in Reverse Full-Bridge mode

010 = COG outputs operate in Forward Full-Bridge mode

001 = COG outputs operate in synchronous steered PWM mode
000 = COG outputs operate in steered PWM mode
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REGISTER 18-10: COGxDBR: COG RISING EVENT DEAD-BAND COUNT REGISTER

uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — GxDBR<5:0>
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 g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 GxDBR<5:0>: Rising Event Dead-band Count Value bits
GxRDBS =1:
= Number of delay chain element periods to delay primary output after rising event
GxRDBS = 0:

= Number of COGx clock periods to delay primary output after rising event

REGISTER 18-11: COGxDBF: COG FALLING EVENT DEAD-BAND COUNT REGISTER

uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — GxDBF<5:0>
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 g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 GxDBF<5:0>: Falling Event Dead-band Count Value bits
GxFDBS =1:
= Number of delay chain element periods to delay complementary output after falling event input
GxFDBS = 0:

= Number of COGx clock periods to delay complementary output after falling event input
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19.1.5 CLCx SETUP STEPS

The following steps should be followed when setting up
the CLCx:

» Disable CLCx by clearing the LCxEN bit.

» Select desired inputs using CLCxSELO through
CLCxSELS3 registers (See Table 19-1).

» Clear any associated ANSEL bits.

» Set all TRIS bits associated with inputs.

+ Clear all TRIS bits associated with outputs.

» Enable the chosen inputs through the four gates
using CLCxGLSO0, CLCxGLS1, CLCxGLS2, and
CLCxGLSS3 registers.

» Select the gate output polarities with the
LCxPOLy bits of the CLCxPOL register.

+ Select the desired logic function with the
LCxMODE<2:0> bits of the CLCxCON register.

+ Select the desired polarity of the logic output with
the LCxPOL bit of the CLCxPOL register. (This
step may be combined with the previous gate
output polarity step).

« If driving a device pin, set the desired pin PPS
control register and also clear the TRIS bit
corresponding to that output.

« If interrupts are desired, configure the following
bits:

- Set the LCxINTP bit in the CLCxCON register
for rising event.

- Set the LCxINTN bit in the CLCxCON
register for falling event.

- Set the CLCXIE bit of the associated PIE
registers.

- Set the GIE and PEIE bits of the INTCON
register.

» Enable the CLCx by setting the LCxEN bit of the
CLCxCON register.

19.2 CLCx Interrupts

An interrupt will be generated upon a change in the
output value of the CLCx when the appropriate interrupt
enables are set. A rising edge detector and a falling
edge detector are present in each CLC for this purpose.

The CLCxIF bit of the associated PIR registers will be
set when either edge detector is triggered and its
associated enable bit is set. The LCxINTP enables
rising edge interrupts and the LCxINTN bit enables
falling edge interrupts. Both are located in the
CLCxCON register.

To fully enable the interrupt, set the following bits:

* LCxON bit of the CLCxCON register

» CLCxIE bit of the associated PIE registers

* LCxINTP bit of the CLCxCON register (for a rising
edge detection)

* LCxINTN bit of the CLCxCON register (for a
falling edge detection)

» PEIE and GIE bits of the INTCON register

The CLCxIF bit of the associated PIR registers, must
be cleared in software as part of the interrupt service. If
another edge is detected while this flag is being
cleared, the flag will still be set at the end of the
sequence.

19.3 Output Mirror Copies

Mirror copies of all LCxCON output bits are contained
in the CLCxDATA register. Reading this register reads
the outputs of all CLCs simultaneously. This prevents
any reading skew introduced by testing or reading the
CLCxOUT bits in the individual CLCxCON registers.

19.4 Effects of a Reset

The CLCxCON register is cleared to zero as the result
of a Reset. All other selection and gating values remain
unchanged.

19.5 Operation During Sleep

The CLC module operates independently from the
system clock and will continue to run during Sleep,
provided that the input sources selected remain active.

The HFINTOSC remains active during Sleep when the
CLC module is enabled and the HFINTOSC is
selected as an input source, regardless of the system
clock source selected.

In other words, if the HFINTOSC is simultaneously
selected as the system clock and as a CLC input
source, when the CLC is enabled, the CPU will go idle
during Sleep, but the CLC will continue to operate and
the HFINTOSC will remain active.

This will have a direct effect on the Sleep mode current.
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REGISTER 21-3: ADCON2: ADC CONTROL REGISTER 2

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 uU-0 u-0 uU-0
TRIGSEL<3:0> — — — —
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 7-4 TRIGSEL<3:0>: Auto-Conversion Trigger Selection bits®)
0000 = No auto-conversion trigger selected
0001 = CCP1
0010 = CCP2

0011 = Timer0 — TO_overflow®

0100 = Timer1 — T1_overflow®

0101 = Timer2 — T2_match

0110 = Comparator C1 — sync_C10UT
0111 = Comparator C2 — sync_C20UT
1000 = CLC1 - LC1_out

1001 = CLC2 - LC2_out

1010 = CLC3 - LC3_out

1011 = CLC4 - LC4_out

1100 = Timer4 — T4_match

1101 = Timer6 — T6_match

1110 = Reserved

1111 = Reserved

bit 3-0 Unimplemented: Read as ‘0’
Note 1: This is a rising edge sensitive input for all sources.
2: Signal also sets its corresponding interrupt flag.

REGISTER 21-4: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =0

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
ADRES<9:2>

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 ADRES<9:2>: ADC Result Register bits

Upper eight bits of 10-bit conversion result
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21.4 ADC Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 21-4. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD), refer
to Figure 21-4. The maximum recommended
impedance for analog sources is 10 kQ. As the

EQUATION 21-1: ACQUISITION TIME EXAMPLE

source impedance is decreased, the acquisition time
may be decreased. After the analog input channel is
selected (or changed), an ADC acquisition must be
done before the conversion can be started. To calculate
the minimum acquisition time, Equation 21-1 may be
used. This equation assumes that 1/2 LSb error is used
(1,024 steps for the ADC). The 1/2 LSb error is the
maximum error allowed for the ADC to meet its
specified resolution.

Assumptions:

= TAMP + Tc + TCOFF

VAPPLIED[l— n+11 ] = VCHOLD
(2 H)-r
mll®
RC1 = veHoLp

VAPPLI ED[l— e

il

RC
VAPPLIED|1-e | = VAPPLIED|1-
2

Note: Where n = number of bits of the ADC.

Solving for Tc:

= 1.37ps
Therefore:
TACQ

4.62us

n+1

Tc = —CHOLD(RIC + Rss+ Rs) In(1/2047)
= —10pF(1k2+ 7k + 10k£2) In(0.0004885)

2us + 892ns+ [(50°C- 25°C)(0.05us/°C)]

Temperature = 50°C and external impedance of 10k 5.0V VbD

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
= 2us+ Tc + [(Temperature - 25°C)(0.05us/°C)]

The value for Tc can be approximated with the following equations:

;[1] VcHoLD charged to within 1/2 Isb

;[2] VcHoLD charge response to VAPPLIED

—] ;combining [1] and [2]
)—1

leakage specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
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290.3.9 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

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 Eﬁggzt;
CCP1CON — — DC1B<1:0> CCP1M<3:0> 294
CCPR1L | Capture/Compare/PWM Register 1 (LSB) 291*
CCPTMRS PATSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0> 286
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 90
PIE1 TMR1GIE | ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMR1IE 91
PIE2 OSFIE C2IE C1IE — BCL1IE | TMR6IE | TMR4IE | CCP2IE 92
PIR1 TMR1GIF | ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 94
PIR2 OSFIF C2IF C1IF — BCL1IF | TMR6IF | TMR4IF | CCP2IF 95
PR2 Timer2 Period Register 282*
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 ANSB1 ANSBO 131
ANSELC ANSC7 | ANSC6 | ANSC5 | ANSC4 | ANSC3 | ANSC2 — — 136
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 130
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 135
RxyPPS — — — RxyPPS<4:0> 153
CCP1PPS — — — CCP1PPS<4:0> 152
CCP2PPS — — — CCP2PPS<4:0> 152
T2CON — T20UTPS<3:0> | TMR20ON | T2CKPS<1:0> 284
TMR2 Timer2 Module Register 282
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the CCP.

* Page provides register information.
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FIGURE 30-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION
SCK K
SPI Master > SC
SDO | SDI SPI Slave
SDI |- SDO #1
General I/0 | SS
General I/0O
General I/O +—{SCK
- SDI SPI Slave
SDO #2
B SS
—» SCK
—= SDI SPI Slave
4——SDO #3
B SS

30.2.1 SPI MODE REGISTERS

The MSSP module has five registers for SPI mode
operation. These are:

* MSSP STATUS register (SSP1STAT)
* MSSP Control register 1 (SSP1CON1)
* MSSP Control register 3 (SSP1CON3)
» MSSP Data Buffer register (SSP1BUF)
* MSSP Address register (SSP1ADD)
* MSSP Shift register (SSP1SR)

(Not directly accessible)

SSP1CON1 and SSP1STAT are the control and STA-
TUS registers in SPI mode operation. The SSP1CON1
register is readable and writable. The lower six bits of
the SSP1STAT are read-only. The upper two bits of the
SSP1STAT are read/write.

In one SPI master mode, SSP1ADD can be loaded
with a value used in the Baud Rate Generator. More
information on the Baud Rate Generator is available in
Section 30.7 “Baud Rate Generator”.

SSP1SR is the shift register used for shifting data in
and out. SSP1BUF provides indirect access to the
SSP1SR register. SSP1BUF is the buffer register to
which data bytes are written, and from which data
bytes are read.

In receive operations, SSP1SR and SSP1BUF
together create a buffered receiver. When SSP1SR
receives a complete byte, it is transferred to SSP1BUF
and the SSP1IF interrupt is set.

During transmission, the SSP1BUF is not buffered. A
write to SSP1BUF will write to both SSP1BUF and
SSP1SR.

30.2.2 SPI MODE OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSP1CON1<5:0> and SSP1STAT<7:6>).
These control bits allow the following to be specified:

* Master mode (SCK is the clock output)

» Slave mode (SCK is the clock input)

* Clock Polarity (Idle state of SCK)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCK)

* Clock Rate (Master mode only)

» Slave Select mode (Slave mode only)

To enable the serial port, SSP Enable bit, SSPEN of the
SSP1CON1 register, must be set. To reset or
reconfigure SPI mode, clear the SSPEN bit, re-initialize
the SSP1CONXx registers and then set the SSPEN bit.
This configures the SDI, SDO, SCK and SS pins as
serial port pins. For the pins to behave as the serial port
function, some must have their data direction bits (in
the TRIS register) appropriately programmed as
follows:

» SDI must have corresponding TRIS bit set

» SDO must have corresponding TRIS bit cleared

» SCK (Master mode) must have corresponding
TRIS bit cleared

» SCK (Slave mode) must have corresponding
TRIS bit set

» SS must have corresponding TRIS bit set

Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

© 2014-2015 Microchip Technology Inc.
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30.5.3 SLAVE TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSP1STAT register is set. The received address is
loaded into the SSP1BUF register, and an ACK pulse
is sent by the slave on the ninth bit.

Following the ACK, slave hardware clears the CKP bit
and the SCL pin is held low (see Section 30.5.6
“Clock Stretching” for more detail). By stretching the
clock, the master will be unable to assert another clock
pulse until the slave is done preparing the transmit
data.

The transmit data must be loaded into the SSP1BUF
register which also loads the SSP1SR register. Then
the SCL pin should be released by setting the CKP bit
of the SSP1CON1 register. The eight data bits are
shifted out on the falling edge of the SCL input. This
ensures that the SDA signal is valid during the SCL
high time.

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. This ACK
value is copied to the ACKSTAT bit of the SSP1CON2
register. If ACKSTAT s set (not ACK), then the data
transfer is complete. In this case, when the not ACK is
latched by the slave, the slave goes idle and waits for
another occurrence of the Start bit. If the SDA line was
low (ACK), the next transmit data must be loaded into
the SSP1BUF register. Again, the SCL pin must be
released by setting bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSP1IF bit must be cleared by software and
the SSP1STAT register is used to determine the status
of the byte. The SSP1IF bit is set on the falling edge of
the ninth clock pulse.

30.5.31 Slave Mode Bus Collision

A slave receives a Read request and begins shifting
data out on the SDA line. If a bus collision is detected
and the SBCDE bit of the SSP1CONS3 register is set,
the BCL1IF bit of the PIR2 register is set. Once a bus
collision is detected, the slave goes idle and waits to be
addressed again. User software can use the BCL1IF bit
to handle a slave bus collision.
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FIGURE 32-2: PICkit™ PROGRAMMER STYLE CONNECTOR INTERFACE

Pin 1 Indicator

Pin Description*
1=VpPP/MCLR

1
> :23 2 = VDD Target
g 3 =Vss (ground)
6 4 = |ICSPDAT
5=ICSPCLK

6 = No Connect

*

The 6-pin header (0.100" spacing) accepts 0.025" square pins.

FIGURE 32-3: TYPICAL CONNECTION FOR ICSP™ PROGRAMMING
External
Programming VDD Device to be
Signals Programmed
VDD ' VDD
VPP MCLR/VPP
Vss Vss
Data ICSPDAT
Clock ' ICSPCLK

To Normal Connections

* |solation devices (as required).
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34.0 ELECTRICAL SPECIFICATIONS

34.1 Absolute Maximum Ratings("

Ambient temperature UNder Dias...........oouiiiiiiii s -40°C to +125°C
StOrage tEMPEIATUIE .......eeiiiie et e et e e et -65°C to +150°C
Voltage on pins with respect to Vss
on VDD pin
L (O 1] i e I T PP R -0.3V to +6.5V
PICTBLEATATIBIO ...ttt ettt ettt n e s -0.3V to +4.0V
ON IMCLR PN ettt ettt ettt et e et et et ee s e e et eeeeeeees et ene e e et et ereeeeeerennns -0.3V to +9.0V
To Lo T= 11 o 1T o o SRR -0.3V to (VDD + 0.3V)

Maximum current
on Vss pin

“40°C S TA S H85%C oot n et et ettt nreen 340 mA
“40°C S TA S HT125°C ittt ettt a ettt see ettt nreen 140 mA
on VoD pin® PIC16(L)F1718 only
“40°C S TA S H85%C ittt ae s e e ne et e eaeenneateeneenrean 250 mA
B0 O 1N 2 O TSP 85 mA
on VoD pin® PIC16(L)F1717/9 only
L O 1 N 1 e USSR 350 mA
“40°C S TA S H125°C ittt e ettt et e ae et e nt e teeneeene et e eeeanneeteetenrean 120 mA
Sunk by any standard 1/O PiN .......cociiiiie e e e anaeeean 50 mA
Sourced by any standard 1/O PiN ......ooooiiee e e 50 mA
Sourced by any Op AMP OUEPUL PN .ooeiiiii e 100 mA
Clamp current, 1K (VPIN < 0 OF VPIN > VDD) ...coiiiiiiiiiiieiieie ittt ettt +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 to calculate device
specifications.

2:  Power dissipation is calculated as follows:
Pdis = VDD* {Idd- Zloh} + ¥{VDD-Voh)*loh} + Z(Vol*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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Japan - Tokyo
Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200

Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857

Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955

Taiwan - Kaohsiung
Tel: 886-7-213-7828
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393

Denmark - Copenhagen
Tel: 45-4450-2828
Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Dusseldorf
Tel: 49-2129-3766400

Germany - Karlsruhe
Tel: 49-721-625370

Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Italy - Venice
Tel: 39-049-7625286

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Poland - Warsaw

Tel: 48-22-3325737
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Stockholm
Tel: 46-8-5090-4654

UK - Wokingham
Tel: 44-118-921-5800
Fax: 44-118-921-5820
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