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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16(L)F1717/8/9
FIGURE 1-1: PIC16(L)F1718 BLOCK DIAGRAM
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Note 1: See applicable chapters for more information on peripherals.
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Figure 2-1: Core Block Diagram
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PIC16(L)F1717/8/9
OUT(2) C1OUT CMOS Comparator 1 output.

C2OUT CMOS Comparator 2 output.

CCP1 CMOS Compare/PWM1 output.

CCP2 CMOS Compare/PWM2 output.

NCO1OUT CMOS Numerically controlled oscillator output.

PWM3OUT CMOS PWM3 output.

PWM4OUT 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(3) OD I2C Data output.

SCK CMOS SPI clock output.

SCL(3) OD I2C clock output.

SDO CMOS SPI data output.

TX/CK CMOS EUSART asynchronous TX data/synchronous clock out.

DT(3) CMOS EUSART synchronous data output.

CLC1OUT CMOS Configurable Logic Cell 1 output.

CLC2OUT CMOS Configurable Logic Cell 2 output.

CLC3OUT CMOS Configurable Logic Cell 3 output.

CLC4OUT CMOS Configurable Logic Cell 4 output.

TABLE 1-3: PIC16(L)F1717/9 PINOUT DESCRIPTION (CONTINUED) 

Name Function
Input 
Type

Output 
Type

Description

Legend: AN =  Analog input or output CMOS= CMOS compatible input or output OD = Open-Drain
TTL =  TTL compatible input ST = Schmitt Trigger input with CMOS levels I2C = Schmitt Trigger input with I2C 
HV =  High Voltage XTAL = Crystal levels

Note 1: Default peripheral input. Alternate pins can be selected as the peripheral input with the PPS input selection registers.
2: 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.
3: These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
 2014-2015 Microchip Technology Inc. DS40001740B-page 21
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TA
BANK 14 BANK 15

40

40

Core Registers 
(Table 3-2)

780h

78Bh

Core Registers 
(Table 3-2)

40 — 78Ch —
40 — 78Dh —
40 — 78Eh —
40 — 78Fh —
41 — 790h —
41 — 791h —
41 — 792h —
41 — 793h —
41 — 794h —
41 — 795h —
41 — 796h —
41 — 797h —
41 — 798h —
41 — 799h —
41 — 79Ah —
41 — 79Bh —
41 — 79Ch —
41 — 79Dh —
41 — 79Eh —
41 — 79Fh —
42

General
Purpose
Register
80 Bytes

7A0h
General
Purpose
Register
80 Bytes

46 7EFh
47

Accesses
70h – 7Fh

7F0h

Accesses
70h – 7Fh

47 7FFh

BANK 22 BANK 23

80

80

Core Registers 
(Table 3-2)

B80h

B8Bh

Core Registers 
(Table 3-2)

80 General
Purpose
Register
80 Bytes

B8Ch General
Purpose
Register
80 Bytes

86 BEFh

87
Accesses
70h – 7Fh

BF0h
Accesses
70h – 7Fh

87 BFFh

Le
BLE 3-6: PIC16(L)F1718/9 MEMORY MAP, BANK 8-23
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13

0h

Bh

Core Registers 
(Table 3-2)

480h

48Bh

Core Registers 
(Table 3-2)

500h

50Bh

Core Registers 
(Table 3-2)

580h

58Bh

Core Registers 
(Table 3-2)

600h

60Bh

Core Registers 
(Table 3-2)

680h

68Bh

Core Registers 
(Table 3-2)

700h

70Bh
Ch — 48Ch — 50Ch — 58Ch — 60Ch — 68Ch — 70Ch
Dh — 48Dh — 50Dh — 58Dh — 60Dh — 68Dh — 70Dh
Eh — 48Eh — 50Eh — 58Eh — 60Eh — 68Eh — 70Eh
Fh — 48Fh — 50Fh — 58Fh — 60Fh — 68Fh — 70Fh
0h — 490h — 510h — 590h — 610h — 690h — 710h
1h — 491h — 511h OPA1CON 591h — 611h — 691h COG1PHR 711h
2h — 492h — 512h — 592h — 612h — 692h COG1PHF 712h
3h — 493h — 513h — 593h — 613h — 693h COG1BLKR 713h
4h — 494h — 514h — 594h — 614h — 694h COG1BLKF 714h
5h TMR4 495h — 515h OPA2CON 595h — 615h — 695h COG1DBR 715h
6h PR4 496h — 516h — 596h — 616h — 696h COG1DBF 716h
7h T4CON 497h — 517h — 597h — 617h PWM3DCL 697h COG1CON0 717h
8h — 498h NCO1ACCL 518h — 598h — 618h PWM3DCH 698h COG1CON1 718h
9h — 499h NCO1ACCH 519h — 599h — 619h PWM3CON 699h COG1RIS 719h
Ah — 49Ah NCO1ACCU 51Ah — 59Ah — 61Ah PWM4DCL 69Ah COG1RSIM 71Ah
Bh — 49Bh NCO1INCL 51Bh — 59Bh — 61Bh PWM4DCH 69Bh COG1FIS 71Bh
Ch TMR6 49Ch NCO1INCH 51Ch — 59Ch — 61Ch PWM4CON 69Ch COG1FSIM 71Ch
Dh PR6 49Dh NCO1INCU 51Dh — 59Dh — 61Dh — 69Dh COG1ASD0 71Dh
Eh T6CON 49Eh NCO1CON 51Eh — 59Eh — 61Eh — 69Eh COG1ASD1 71Eh
Fh — 49Fh NCO1CLK 51Fh — 59Fh — 61Fh — 69Fh COG1STR 71Fh
0h

General
Purpose
Register
80 Bytes

4A0h
General
Purpose
Register
80 Bytes

520h
General
Purpose
Register
80 Bytes

5A0h
General
Purpose
Register
80 Bytes

620h
General
Purpose
Register
80 Bytes

6A0h
General
Purpose
Register
80 Bytes

720h

Fh 4EFh 56Fh 5EFh 66Fh 6EFh 76Fh
0h

Accesses
70h – 7Fh

4F0h

Accesses
70h – 7Fh

570h

Accesses
70h – 7Fh

5F0h

Accesses
70h – 7Fh

670h

Accesses
70h – 7Fh

6F0h

Accesses
70h – 7Fh

770h

Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh

BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21

0h

Bh

Core Registers 
(Table 3-2)

880h

88Bh

Core Registers 
(Table 3-2)

900h

90Bh

Core Registers 
(Table 3-2)

980h

98Bh

Core Registers 
(Table 3-2)

A00h

A0Bh

Core Registers 
(Table 3-2)

A80h

A8Bh

Core Registers 
(Table 3-2)

B00h

B0Bh

Ch General
Purpose
Register
80 Bytes

88Ch General
Purpose
Register
80 Bytes

90Ch General
Purpose
Register
80 Bytes

98Ch General
Purpose
Register
80 Bytes

A0Ch General
Purpose
Register
80 Bytes

A8Ch General
Purpose
Register
80 Bytes

B0Ch

Fh 8EFh 96Fh 9EFh A6Fh AEFh B6Fh
0h

Accesses
70h – 7Fh

8F0h
Accesses
70h – 7Fh

970h
Accesses
70h – 7Fh

9F0h
Accesses
70h – 7Fh

A70h
Accesses
70h – 7Fh

AF0h
Accesses
70h – 7Fh

B70h

Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh

gend: = Unimplemented data memory locations, read as ‘0’.



PIC16(L)F1717/8/9
4.7 Register Definitions: Device and Revision

REGISTER 4-3: DEVID: DEVICE ID REGISTER

R R R R R R

DEV<13:8>

bit 13 bit 8

R R R R R R R R

DEV<7:0>

bit 7 bit 0

Legend:

R = Readable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 13-0 DEV<13:0>: Device ID bits

REGISTER 4-4: REVID: REVISION ID REGISTER

R R R R R R

REV<13:8>

bit 13 bit 8

R R R R R R R R

REV<7:0>

bit 7 bit 0

Legend:

R = Readable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 13-0 REV<13:0>: Revision ID bits

Device DEVID<13:0> Values

PIC16F1717 11 0000 0101 1100 (305Ch)

PIC16LF1717 11 0000 0101 1111 (305Fh)

PIC16F1718 11 0000 0101 1011 (305Bh)

PIC16LF1718 11 0000 0101 1110 (305Eh)

PIC16F1719 11 0000 0101 1010 (305Ah)

PIC16LF1719 11 0000 0101 1101 (305Dh)
 2014-2015 Microchip Technology Inc. DS40001740B-page 59



PIC16(L)F1717/8/9
6.2.1.4 4x PLL

The oscillator module contains a 4x PLL that can be
used with both external and internal clock sources to
provide a system clock source. The input frequency for
the 4x PLL must fall within specifications. See the PLL
Clock Timing Specifications in Table 34-9: PLL Clock
Timing Specifications.

The 4x PLL may be enabled for use by one of two
methods:

1. Program the PLLEN bit in Configuration Words
to a ‘1’.

2. Write the SPLLEN bit in the OSCCON register to
a ‘1’. If the PLLEN bit in Configuration Words is
programmed to a ‘1’, then the value of SPLLEN
is ignored.

6.2.1.5 Secondary Oscillator

The secondary oscillator is a separate crystal oscillator
that is associated with the Timer1 peripheral. It is
optimized for timekeeping operations with a 32.768
kHz crystal connected between the SOSCO and
SOSCI device pins.

The secondary oscillator can be used as an alternate
system clock source and can be selected during
run-time using clock switching. Refer to Section 6.3
“Clock Switching” for more information.

FIGURE 6-5: QUARTZ CRYSTAL 
OPERATION 
(SECONDARY 
OSCILLATOR)

C1

C2

32.768 kHz

SOSCI

To Internal 
Logic

PIC® MCU

Crystal

SOSCO

Quartz

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3: For oscillator design assistance, reference
the following Microchip Application Notes:

• AN826, “Crystal Oscillator Basics and 
Crystal Selection for rfPIC® and PIC® 
Devices” (DS00826)

• AN849, “Basic PIC® Oscillator Design” 
(DS00849)

• AN943, “Practical PIC® Oscillator 
Analysis and Design” (DS00943)

• AN949, “Making Your Oscillator Work” 
(DS00949)

• TB097, “Interfacing a Micro Crystal 
MS1V-T1K 32.768 kHz Tuning Fork 
Crystal to a PIC16F690/SS” (DS91097)

• AN1288, “Design Practices for 
Low-Power External Oscillators” 
(DS01288)
DS40001740B-page 72  2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9
8.3 Register Definitions: Voltage Regulator Control

REGISTER 8-1: VREGCON: VOLTAGE REGULATOR CONTROL REGISTER(1)  

U-0 U-0 U-0 U-0 U-0 U-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’ = Bit is 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(2)

Draws lowest current in Sleep, slower wake-up
0 = Normal-Power mode enabled in Sleep(2)

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 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

STATUS — — — TO PD Z DC C 28

VREGCON(1) — — — — — — 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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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.

17.1.1 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.

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).

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

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.

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

EQUATION 17-3: 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.

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.

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.

PWM Period PR2  1+  4 TOSC  =

(TMR2 Prescale Value)

Note: TOSC = 1/FOSC

Note: The Timer2 postscaler has no effect on the
PWM operation.

Pulse Width PWMxDCH:PWMxDCL<7:6>   =

TOSC     (TMR2 Prescale Value)

Note: TOSC = 1/FOSC

Duty Cycle Ratio
PWMxDCH:PWMxDCL<7:6> 

4 PR2 1+ 
----------------------------------------------------------------------------------=
DS40001740B-page 178  2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9
18.13 Register Definitions: COG Control

             
REGISTER 18-1: COGxCON0: COG CONTROL REGISTER 0

R/W-0/0 R/W-0/0 U-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
 2014-2015 Microchip Technology Inc. DS40001740B-page 203



PIC16(L)F1717/8/9
             

             

REGISTER 18-14: COGxPHR: COG RISING EDGE PHASE DELAY COUNT REGISTER

U-0 U-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

— — GxPHR<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 q = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 GxPHR<5:0>: Rising Edge Phase Delay Count Value bits

 =   Number of COGx clock periods to delay rising edge event

REGISTER 18-15: COGxPHF: COG FALLING EDGE PHASE DELAY COUNT REGISTER

U-0 U-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

— — GxPHF<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 q = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 GxPHF<5:0>: Falling Edge Phase Delay Count Value bits

 =   Number of COGx clock periods to delay falling edge event
DS40001740B-page 216  2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9
REGISTER 21-2: ADCON1: ADC CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0

ADFM ADCS<2:0> — ADNREF ADPREF<1:0>

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

bit 7 ADFM: ADC Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0’ when the conversion result is

loaded.
0 = Left justified. Six Least Significant bits of ADRESL are set to ‘0’ when the conversion result is

loaded.

bit 6-4 ADCS<2:0>: ADC Conversion Clock Select bits
111 = FRC (clock supplied from an internal RC oscillator)
110 = FOSC/64
101 = FOSC/16
100 = FOSC/4
011 = FRC (clock supplied from an internal RC oscillator)
010 = FOSC/32
001 = FOSC/8
000 = FOSC/2

bit 3 Unimplemented: Read as ‘0’

bit 2 ADNREF: A/D Negative Voltage Reference Configuration bit
1 = VREF- is connected to VREF- pin
0 = VREF- is connected to VSS

bit 1-0 ADPREF<1:0>: ADC Positive Voltage Reference Configuration bits
11 = VREF+ is connected to internal Fixed Voltage Reference (FVR) module(1)

10 = VREF+ is connected to external VREF+ pin(1)

01 = Reserved
00 = VREF+ is connected to VDD

Note 1: When selecting the VREF+ pin as the source of the positive reference, be aware that a minimum voltage 
specification exists. See Table 34-16: ADC Conversion Requirements for details.
 2014-2015 Microchip Technology Inc. DS40001740B-page 249
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22.1 OPA Module Performance

Common AC and DC performance specifications for
the OPA module:

• Common Mode Voltage Range
• Leakage Current
• Input Offset Voltage
• Open Loop Gain
• Gain Bandwidth Product

Common mode voltage range is the specified voltage
range for the OPA+ and OPA- inputs, for which the OPA
module will perform to within its specifications. The
OPA module is designed to operate with input voltages
between VSS and VDD. Behavior for Common mode
voltages greater than VDD, or below VSS, are not
guaranteed.

Leakage current is a measure of the small source or
sink currents on the OPA+ and OPA- inputs. To
minimize the effect of leakage currents, the effective
impedances connected to the OPA+ and OPA- inputs
should be kept as small as possible and equal.

Input offset voltage is a measure of the voltage
difference between the OPA+ and OPA- inputs in a
closed loop circuit with the OPA in its linear region. The
offset voltage will appear as a DC offset in the output
equal to the input offset voltage, multiplied by the gain
of the circuit. The input offset voltage is also affected by
the Common mode voltage. The OPA is factory
calibrated to minimize the input offset voltage of the
module.

Open loop gain is the ratio of the output voltage to the
differential input voltage, (OPA+) - (OPA-). The gain is
greatest at DC and falls off with frequency. 

Gain Bandwidth Product or GBWP is the frequency
at which the open loop gain falls off to 0 dB. 

22.1.1 OPA Module Control

The OPA module is enabled by setting the OPAxEN bit
of the OPAxCON register. When enabled, the OPA
forces the output driver of OPAxOUT pin into tri-state to
prevent contention between the driver and the OPA
output.

22.1.2 UNITY GAIN MODE

The OPAxUG bit of the OPAxCON register selects the
Unity Gain mode. When unity gain is selected, the OPA
output is connected to the inverting input and the
OPAxIN pin is relinquished, releasing the pin for
general purpose input and output.

22.2 Effects of Reset

A device Reset forces all registers to their Reset state.
This disables the OPA module.

Note: When the OPA module is enabled, the
OPAxOUT pin is driven by the op amp
output, not by the PORT digital driver.
Refer to Table 34-17: Operational Amplifier
(OPA) for the op amp output drive
capability.
DS40001740B-page 256  2014-2015 Microchip Technology Inc.



PIC16(L)F1717/8/9
The MSSP consists of a transmit/receive shift register
(SSP1SR) and a buffer register (SSP1BUF). The
SSP1SR shifts the data in and out of the device, MSb
first. The SSP1BUF holds the data that was written to
the SSP1SR until the received data is ready. Once the
eight bits of data have been received, that byte is
moved to the SSP1BUF register. Then, the Buffer Full
detect bit, BF of the SSP1STAT register, and the
interrupt flag bit, SSP1IF, are set. This double-buffering
of the received data (SSP1BUF) allows the next byte to
start reception before reading the data that was just
received. Any write to the SSP1BUF register during
transmission/reception of data will be ignored and the
Write Collision Detect bit WCOL of the SSP1CON1
register, will be set. User software must clear the
WCOL bit to allow the following write(s) to the
SSP1BUF register to complete successfully. 

When the application software is expecting to receive
valid data, the SSP1BUF should be read before the
next byte of data to transfer is written to the SSP1BUF.
The Buffer Full bit, BF of the SSP1STAT register,
indicates when SSP1BUF has been loaded with the
received data (transmission is complete). When the
SSP1BUF is read, the BF bit is cleared. This data may
be irrelevant if the SPI is only a transmitter. Generally,
the MSSP interrupt is used to determine when the
transmission/reception has completed. If the interrupt
method is not going to be used, then software polling
can be done to ensure that a write collision does not
occur.

The SSP1SR is not directly readable or writable and
can only be accessed by addressing the SSP1BUF
register. Additionally, the SSP1STAT register indicates
the various status conditions.

FIGURE 30-5: SPI MASTER/SLAVE CONNECTION 
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FIGURE 30-6: SPI MODE WAVEFORM (MASTER MODE)

30.2.4 SPI SLAVE MODE

In Slave mode, the data is transmitted and received as
external clock pulses appear on SCK. When the last
bit is latched, the SSP1IF interrupt flag bit is set.

Before enabling the module in SPI Slave mode, the clock
line must match the proper Idle state. The clock line can
be observed by reading the SCK pin. The Idle state is
determined by the CKP bit of the SSP1CON1 register.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive
data. The shift register is clocked from the SCK pin
input and when a byte is received, the device will
generate an interrupt. If enabled, the device will
wake-up from Sleep.

30.2.4.1 Daisy-Chain Configuration

The SPI bus can sometimes be connected in a
daisy-chain configuration. The first slave output is
connected to the second slave input, the second slave
output is connected to the third slave input, and so on.
The final slave output is connected to the master input.
Each slave sends out, during a second group of clock
pulses, an exact copy of what was received during the
first group of clock pulses. The whole chain acts as
one large communication shift register. The
daisy-chain feature only requires a single Slave Select
line from the master device.

Figure 30-7 shows the block diagram of a typical
daisy-chain connection when operating in SPI mode.

In a daisy-chain configuration, only the most recent
byte on the bus is required by the slave. Setting the
BOEN bit of the SSP1CON3 register will enable writes
to the SSP1BUF register, even if the previous byte has
not been read. This allows the software to ignore data
that may not apply to it.
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30.2.5 SLAVE SELECT 
SYNCHRONIZATION

The Slave Select can also be used to synchronize
communication. The Slave Select line is held high until
the master device is ready to communicate. When the
Slave Select line is pulled low, the slave knows that a
new transmission is starting. 

If the slave fails to receive the communication properly,
it will be reset at the end of the transmission, when the
Slave Select line returns to a high state. The slave is
then ready to receive a new transmission when the
Slave Select line is pulled low again. If the Slave Select
line is not used, there is a risk that the slave will
eventually become out of sync with the master. If the
slave misses a bit, it will always be one bit off in future
transmissions. Use of the Slave Select line allows the
slave and master to align themselves at the beginning
of each transmission.

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control enabled
(SSP1CON1<3:0> = 0100). 

When the SS pin is low, transmission and reception are
enabled and the SDO pin is driven. 

When the SS pin goes high, the SDO pin is no longer
driven, even if in the middle of a transmitted byte and
becomes a floating output. External pull-up/pull-down
resistors may be desirable depending on the
application.    

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

FIGURE 30-7: SPI DAISY-CHAIN CONNECTION

Note 1: When the SPI is in Slave mode with SS pin
control enabled (SSP1CON1<3:0> =
0100), the SPI module will reset if the SS
pin is set to VDD.

2: When the SPI is used in Slave mode with
CKE set; the user must enable SS pin
control.

3: While operated in SPI Slave mode the
SMP bit of the SSP1STAT register must
remain clear.
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RETFIE Return from Interrupt

Syntax: [ label ]    RETFIE k

Operands: None

Operation: TOS  PC,
1  GIE

Status Affected: None

Description: Return from Interrupt. Stack is POPed 
and Top-of-Stack (TOS) is loaded in 
the PC. Interrupts are enabled by 
setting Global Interrupt Enable bit, 
GIE (INTCON<7>). This is a 2-cycle 
instruction.

Words: 1

Cycles: 2

Example: RETFIE

After Interrupt
PC = TOS
GIE = 1

RETLW Return with literal in W

Syntax: [ label ]    RETLW   k

Operands: 0  k  255

Operation: k  (W); 
TOS  PC

Status Affected: None

Description: The W register is loaded with the 8-bit 
literal ‘k’. The program counter is 
loaded from the top of the stack (the 
return address). This is a 2-cycle 
instruction.

Words: 1

Cycles: 2

Example:

TABLE

CALL TABLE;W contains table
;offset value

• ;W now has table value
•
•
ADDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
•
•
•
RETLW kn ; End of table

Before Instruction
W = 0x07

After Instruction
W = value of k8

RETURN Return from Subroutine

Syntax: [ label ]    RETURN

Operands: None

Operation: TOS  PC

Status Affected: None

Description: Return from subroutine. The stack is 
POPed and the top of the stack (TOS) 
is loaded into the program counter. 
This is a 2-cycle instruction.

RLF Rotate Left f through Carry

Syntax: [ label ] RLF    f,d

Operands: 0  f  127
d  [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register ‘f’ are rotated 
one bit to the left through the Carry 
flag. If ‘d’ is ‘0’, the result is placed in 
the W register. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’.

Words: 1

Cycles: 1

Example: RLF REG1,0

Before Instruction
REG1 = 1110 0110
C = 0

After Instruction
REG1 = 1110 0110
W = 1100 1100
C = 1

Register fC
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FIGURE 34-12: CLC PROPAGATION TIMING 
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Note 1: See Figure 19-1: CLCx Simplified Block Diagram to identify specific CLC signals.

TABLE 34-14: CONFIGURATION LOGIC CELL (CLC) CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C TA +125°C

Param. 
No.

Sym. Characteristic Min. Typ† Max. Units Conditions

CLC01* TCLCIN CLC input time — 7 OS17 ns (Note 1)

CLC02* TCLC CLC module input to output progagation time —
—

24
12

—
—

ns
ns

VDD = 1.8V
VDD > 3.6V

CLC03* TCLCOUT CLC output time Rise Time — OS18 — — (Note 1)

Fall Time — OS19 — — (Note 1)

CLC04* FCLCMAX CLC maximum switching frequency — 45 — MHz

* These parameters are characterized but not tested.
† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance 

only and are not tested.
Note 1: See Table 34-10 for OS17, OS18 and OS19 rise and fall times.
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FIGURE 34-17: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

FIGURE 34-18: SPI MASTER MODE TIMING (CKE = 1, SMP = 1)
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Note: Unless otherwise noted, VIN = 5V, FOSC = 500 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 35-61: Brown-out Reset Voltage, 
Low Trip Point (BORV = 1), PIC16LF1717/8/9 
Only.

FIGURE 35-62: Brown-out Reset Hysteresis, 
Low Trip Point (BORV = 1), PIC16LF1717/8/9 
Only.

FIGURE 35-63: Brown-out Reset Voltage, 
Low Trip Point (BORV = 1), PIC16F1717/8/9 
Only.

FIGURE 35-64: Brown-out Reset Hysteresis, 
Low Trip Point (BORV = 1), PIC16F1717/8/9 Only.

FIGURE 35-65: Brown-out Reset Voltage, 
High Trip Point (BORV = 0).

FIGURE 35-66: Brown-out Reset Hysteresis, 
High Trip Point (BORV = 0).
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Note: Unless otherwise noted, VIN = 5V, FOSC = 500 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 35-85: Temp. Indicator Initial Offset, 
High Range, Temp. = 20°C, PIC16F1717/8/9 Only.

FIGURE 35-86: Temp. Indicator Initial Offset, 
Low Range, Temp. = 20°C, PIC16F1717/8/9 Only.

FIGURE 35-87: Temp. Indicator Initial Offset, 
Low Range, Temp. = 20°C, PIC16LF1717/8/9 
Only.

FIGURE 35-88: Temp. Indicator Slope 
Normalized to 20°C, High Range, VDD = 5.5V, 
PIC16F1717/8/9 Only.

FIGURE 35-89: Temp. Indicator Slope 
Normalized to 20°C, High Range, VDD = 3.0V, 
PIC16F1717/8/9 Only.

FIGURE 35-90: Temp. Indicator Slope 
Normalized to 20°C, Low Range, VDD = 3.0V, 
PIC16F1717/8/9 Only.
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