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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active
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8-Bit
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18
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2.3V ~ 5.5V

A/D 12x10b; D/A 1x8b
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-40°C ~ 125°C (TA)
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20-SSOP
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PIC16(L)F1704/8

Digital Peripheral Features (Continued)

» Complementary Output Generator (COG):
- Push-Pull, Full Bridge, and Steering modes
- Dedicated Rise/Fall Input Triggers
- Dedicated Deadtime Delay Counters
- Dedicated Phase Delay Counters
- Dedicated Blanking Delay Counters
- Concurrent Auto-Shutdown Selection
* Two Pulse Width Modulation (PWM) modules:
- 10-bit Duty-Cycle Control
» Three Configurable Logic Cell (CLC) modules:
- Generate a selected function of up to four
inputs
- Combinational and State Logic
- External or Internal input/output pins
- Operation in Sleep
» Peripheral Pin Select (PPS):
- Digital outputs mapped to any GPIO pin
- Digital inputs from any GPIO pin
- CLC input multiplexing

PIC16(L)F170x Family Types

Analog Peripheral Features

» Operational Amplifiers:
- Up to two configurable op amps
- Selectable internal and external channels
- High/Low selectable Gain Bandwidth Product
» Two High-Speed Comparators:
- 60 ns response time
- Low-power/High-power mode
- Comparator outputs externally accessible
- Software hysteresis enable
* Analog-to-Digital Converter (ADC) module
- 10-bit resolution, 12 channels
- Auto conversion start capability
- Conversion available during Sleep
» 8-Bit Digital-to-Analog Converter (DAC):
- Output available externally
- Positive and negative reference selection
- Internal connections to comparators,
op amps, Fixed Voltage Reference (FVR)
and ADC
» Zero-Cross Detection Circuit:
- Constant Voltage Output
- Current Source/Sink
- Interrupt on Edge Detect
» Voltage Reference module:
- Fixed Voltage Reference (FVR) with 1.024V,
2.048V and 4.096V output levels
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PIC16(L)F1703 | (3) | 2048 | 256 128 |12 | 8 0 0 2 1 2/1 2 0 0 0 1 0O|Y |[IWE|Y
PIC16(L)F1704 | (1) | 4096 | 512 128 | 12| 8 1 2 2 1 a1 2 2 1 1 1 3|YI[IWE|Y
PIC16(L)F1705 | (2) | 8192 | 1024 | 128 | 12 | 8 1 2 2 1 4/1 2 2 1 1 1 3|YI[IWE|Y
PIC16(L)F1707 | (3) | 2048 | 256 128 (18| 12 | O 0 2 1 2/1 2 0 0 0 1 0O|Y|[WE|Y
PIC16(L)F1708 | (1) | 4096 | 512 128 | 18 | 12 1 2 2 1 a1 2 2 1 1 1 3|YI[IWE|Y
PIC16(L)F1709 | (2) | 8192 | 1024 | 128 | 18 | 12 1 2 2 1 41 2 2 1 1 1 3|YI|[IWE|Y

Note 1: Debugging Methods: (I) — Integrated on Chip; (H) — using Debug Header; E — using Emulation Header.

2:  One pin is input-only.

Data Sheet Index: (Unshaded devices are described in this document.)

1: DS40001715 PIC16(L)F1704/8 Data Sheet, 14/20-Pin Flash, 8-bit Microcontrollers.
2: DS40001729 PIC16(L)F1705/9 Data Sheet, 14/20-Pin Flash, 8-bit Microcontrollers.
3:  DS40001722 PIC16(L)F1703/7 Data Sheet, 14/20-Pin Flash, 8-bit Microcontrollers

Note: For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
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6.6 Register Definitions: Oscillator Control
REGISTER 6-1: OSCCON: OSCILLATOR CONTROL REGISTER
R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1 R/W-1/1 U-0 R/W-0/0 R/W-0/0
SPLLEN IRCF<3:0> — SCS<1:0>
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

bit 7

bit 6-3

bit 2
bit 1-0

Note 1:

SPLLEN: Software PLL Enable bit
If PLLEN in Configuration Words = 1:

SPLLEN bit is ignored. 4x PLL is always enabled (subject to oscillator requirements)
If PLLEN in Configuration Words = 0:

1= 4x PLL Is enabled
0 = 4x PLL is disabled

IRCF<3:0>: Internal Oscillator Frequency Select bits

1111 =
1110 =
1101 =
1100 =
1011 =
1010 =
1001 =
1000 =
0111 =
0110 =
0101 =
0100 =
0011 =
0010 =
000x =

16 MHz HF
8 MHz or 32 MHz HF@

4 MHz HF

2 MHz HF

1 MHz HF

500 kHz HF()

250 kHz HFW

125 kHz HF(D

500 kHz MF (default upon Reset)
250 kHz MF

125 kHz MF

62.5 kHz MF

31.25 kHz HF(

31.25 kHz MF

31 kHz LF

Unimplemented: Read as ‘0’

SCS<1:0>: System Clock Select bits

1x = Internal oscillator block

01 = Secondary oscillator

00 = Clock determined by FOSC<2:0> in Configuration Words

Duplicate frequency derived from HFINTOSC.

2. 32 MHz when SPLLEN bit is set. Refer to Section 6.2.2.6 “32 MHz Internal Oscillator Frequency
Selection”.

© 2013-2015 Microchip Technology Inc.
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FIGURE 7-2: INTERRUPT LATENCY
atiaz2iasja4 a1jaziasiaslatiaziasias/a1ia2ia3as|Q1ia2ia3ia4|a1{a2]asias|a1iQ2iQ3iQ4 Q1 Q2{Q3]Q4
[ [
CLKR / / Interrupt Sampled / / /
during Q1
Interrupt /
GIE \
PC < PC-1 PC PC+1 0004h 0005h
Execute | 1 Cycle Instruction at PC Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PG < PC-1 PC Pi’gé)FFf‘R Ng"éff/ 0004h 0005h
Execute—{ 2 Cycle Instruction at PC Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PC+2 0004h 0005h
Execute || 3 Cycle Instruction at PC INST(PC) NOP NOP NOP Inst(0004h) | Inst(0005h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PG+2 0004h 0005h
Execute | 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP NOP Inst(0004h)
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REGISTER 7-6: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2
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 R/W-0/0
OSFIF C2IF C1IF _ BCL1IF TMRG6IF TMR4IF CCP2IF
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

‘1" = Bit is set ‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7 OSFIF: Oscillator Fail Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 6 C2IF: Comparator C2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 5 C1IF: Comparator C1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 4 Unimplemented: Read as ‘0’

bit 3 BCL1IF: MSSP Bus Collision Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 2 TMRG6IF: Timer6 to PR6 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 1 TMRA4IF: Timer4 to PR4 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 CCP2IF: CCP2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

DS40001715D-page 90
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8.0 POWER-DOWN MODE (SLEEP)

The Power-down mode is entered by executing a
SLEEP instruction.

Upon entering Sleep mode, the following conditions
exist:

1. WDT will be cleared but keeps running, if
enabled for operation during Sleep.

PD bit of the STATUS register is cleared.

TO bit of the STATUS register is set.

CPU clock is disabled.

31 kHz LFINTOSC is unaffected and peripherals

that operate from it may continue operation in
Sleep.

6. Timer1 and peripherals that operate from
Timer1 continue operation in Sleep when the
Timer1 clock source selected is:

+ LFINTOSC
+ TICKI
» Secondary oscillator

7. ADC is unaffected, if the dedicated FRC
oscillator is selected.

8. 1/O ports maintain the status they had before
SLEEP was executed (driving high, low or
high-impedance).

9. Resets other than WDT are not affected by
Sleep mode.

ok~

Refer to individual chapters for more details on
peripheral operation during Sleep.

To minimize current consumption, the following
conditions should be considered:

* 1/O pins should not be floating

» External circuitry sinking current from 1/O pins

« Internal circuitry sourcing current from 1/O pins

» Current draw from pins with internal weak pull-ups

* Modules using 31 kHz LFINTOSC

* Modules using secondary oscillator

I/O pins that are high-impedance inputs should be

pulled to VDD or Vss externally to avoid switching
currents caused by floating inputs.

Examples of internal circuitry that might be sourcing
current include modules such as the DAC and FVR
modules. See Section 22.0 “8-Bit Digital-to-Analog
Converter (DAC1) Module” and Section 14.0 “Fixed
Voltage Reference (FVR)” for more information on
these modules.

8.1 Wake-up from Sleep

The device can wake-up from Sleep through one of the
following events:

External Reset input on MCLR pin, if enabled
BOR Reset, if enabled

POR Reset

Watchdog Timer, if enabled

Any external interrupt

Interrupts by peripherals capable of running
during Sleep (see individual peripheral for more
information)

ok wNn-=

The first three events will cause a device Reset. The
last three events are considered a continuation of
program execution. To determine whether a device
Reset or wake-up event occurred, refer to
Section 5.12 “Determining the Cause of a Reset”.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be enabled. Wake-up will
occur regardless of the state of the GIE bit. If the GIE
bit is disabled, the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
enabled, the device executes the instruction after the
SLEEP instruction, the device will then call the Interrupt
Service Routine. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

© 2013-2015 Microchip Technology Inc.
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TABLE 9-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
OSCCON SPLLEN IRCF<3:0> — SCS<1:0> 77
STATUS — — — TO PD z DC o 23
WDTCON — — WDTPS<4:0> SWDTEN 100
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
Watchdog Timer.
TABLE 9-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER
Name |Bits| Bit<7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 |Bit10/2| Bito/l | Bitg/o | c9ISter
on Page
13:8 — — FCMEN IESO |CLKOUTEN| BOREN<1:0> —
CONFIG1 — = 49
7:0 CP MCLRE | PWRTE WDTE<1:0> FOSC<2:0>
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.

© 2013-2015 Microchip Technology Inc.
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TABLE 11-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Register

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
on Page

ANSELC | ANSc7® | ANsce™® | ANSC5@ [ ANSC4@ | ANSC3 | ANSC2 | ANSC1 | ANSCO 133
INLVLC INLVLC7®D | INLVLCE®D | INLVLC5 | INLVLC4 | INLVLC3 | INLVLC2 | INLVLC1 | INLVLCO | 134

LATC LATC7®D | LATC6W | LATC5 | LATC4 | LATC3 | LATC2 | LATC1 | LATCO 132
obcoNc | obc7® | obcse® | oDC5 ODC4 | ODC3 | ODC2 | ODC1 | ODCO 134
PORTC rRc7® rce® RC5 RC4 RC3 RC2 RC1 RCO 132
SLRCONC | SLRC7® | SLRC6W | SLRC5 | SLRC4 | SLRC3 | SLRC2 | SLRC1 | SLRCO 134
TRISC TRISC7® | TRISC6® | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 132

WPUC wpuc7® | wpuce® | WPUC5 | WPUC4 | WPUC3 | WPUC2 | WPUC1 | WPUCO | 133
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by
PORTC.
Note 1: PIC16(L)F1708 only.
2:  PIC16(L)F1704 only.
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13.6 Register Definitions: Interrupt-on-Change Control

REGISTER 13-1: IOCAP: INTERRUPT-ON-CHANGE PORTA POSITIVE EDGE REGISTER

u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCAPS IOCAP4 IOCAP3 I0OCAP2 IOCAP1 IOCAPO
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 IOCAP<5:0>: Interrupt-on-Change PORTA Positive Edge Enable bits

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

REGISTER 13-2: IOCAN: INTERRUPT-ON-CHANGE PORTA NEGATIVE EDGE REGISTER

u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | — | ocans | 1ocAN4 | 10cAN3 | 10CAN2 | IOCAN1 | IOCANO
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 IOCAN<5:0>: Interrupt-on-Change PORTA Negative Edge Enable bits

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

REGISTER 13-3: IOCAF: INTERRUPT-ON-CHANGE PORTA FLAG REGISTER

u-0 u-0 R/W/HS-0/0  R/W/HS-0/0  R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0
— — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO0
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 HS - Bit is set in hardware
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAF<5:0>: Interrupt-on-Change PORTA Flag bits

1= An enabled change was detected on the associated pin.
Set when IOCAPx = 1 and a rising edge was detected on RAx, or when IOCANx = 1 and a falling edge was
detected on RAXx.

0 = No change was detected, or the user cleared the detected change.

© 2013-2015 Microchip Technology Inc. DS40001715D-page 145
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REGISTER 16-3:

CMOUT: COMPARATOR OUTPUT REGISTER

U-0 uU-0 uU-0 u-0 U-0 uU-0 R-0/0 R-0/0
— — — — — — MC20UT MC10UT

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 MC20UT: Mirror Copy of C20UT bit

bit 0 MC1OUT: Mirror Copy of C10UT bit
TABLE 16-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O EﬁgF',Z;eé

ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSAO0 122
ANSELB® — — ANSB5 ANSB4 — — — — 128
ANSELC ANSC7® | ANsce® | ANSC5@ | ANSC4® | ANSC3 | ANSC2 | ANSCT ANSCO 133
CM1CONO C10N C10uUT — C1POL C1ZLF C1SP C1HYS C1SYNC 160
CM2CONO C20N C20uUT — C2POL C2ZLF C2SP C2HYS C2SYNC 160
CM1CON1 CINTP C1INTN C1PCH<2:0> C1NCH<2:0> 161
CM2CON1 C2NTP C2INTN C2PCH<2:0> C2NCH<2:0> 161
CMOUT — — — — — — MC20UT | MC10UT 162
FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 151
DAC1CONO DAC1EN — DAC10E1 | DAC10E2 DAC1PSS<1:0> — | DAC1TNSS 237
DAC1CON1 DAC1R<7:0> 237
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 85
PIE2 OSFIE C2IE C1IE — BCL1IE TMRG6IE TMRA4IE CCP2IE 87
PIR2 OSFIF C2IF C1IF — BCL1IF TMRG6IF TMRA4IF CCP2IF 90
TRISA — — TRISA5 TRISA4 — TRISA2 TRISA1 TRISAOQ 121
TRISBD TRISB7 TRISB6 TRISB5 TRISB4 — — — — 127
TRISC TRISC7® TRISC6W TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 132
Legend: — = unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1: PIC16(L)F1708 only.

2: PIC16(L)F1704 only.

3:  Unimplemented, read as ‘1’.
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19.1 CLCx Setup

Programming the CLCx module is performed by
configuring the four stages in the logic signal flow. The
four stages are:

» Data selection

« Data gating

* Logic function selection
» Output polarity

Each stage is setup at run time by writing to the
corresponding CLCx Special Function Registers. This
has the added advantage of permitting logic
reconfiguration on-the-fly during program execution.

19.1.1 DATA SELECTION

There are 32 signals available as inputs to the
configurable logic. Four 32-input multiplexers are used
to select the inputs to pass on to the next stage.

Data selection is through four multiplexers as indicated
on the left side of Figure 19-2. Data inputs in the figure
are identified by a generic numbered input name.

Table 19-1 correlates the generic input name to the
actual signal for each CLC module. The column labeled
Icxdy indicates the MUX selection code for the selected
data input. DxS is an abbreviation for the MUX select
input codes: LCxD1S<4:0> through LCxD4S<4:0>.

Data inputs are selected with CLCxSELO through

CLCxSEL3 registers  (Register 19-3  through
Register 19-6).
Note: Data selections are undefined at power-up. I

TABLE 19-1:

CLCx DATA INPUT SELECTION

Data Input

lcxdy
DxS

CLCx

LCx_in[31]

11111

Fosc

LCx_in[30]

11110

HFINTOSC

LCx_in[29]

11101

LFINTOSC

LCx_in[28]

11100

ADC FRC

LCx_in[27]

11011

IOCIF set signal (bit?)

LCx_in[26]

11010

T2_match

LCx_in[25]

11001

T1_overflow

LCx_in[24]

11000

TO_overflow

LCx_in[23]

10111

T6_match

LCx_in[22]

10110

T4 _match

LCx_in[21]

10101

DT from EUSART

LCx_in[20]

10100

TX/CK from EUSART

LCx_in[19]

10011

ZCDx_out from Zero-Cross Detect

LCx_in[18]

10010

SDO from MSSP

LCx_in[17]

10001

Reserved

LCx_in[16]

10000

SCK from MSSP

LCx_in[15]

01111

PWM4_out

LCx_in[14]

01110

PWM3_out

LCx_in[13]

01101

CCP2 output

LCx_in[12]

01100

CCP1 output

LCx_in[11]

01011

COG1B

LCx_in[10]

01010

COG1A

LCx_in[9]

01001

C20UT

LCx_in[8]

01000

C10UT

LCx_in[7]

00111

Reserved

LCx_in[6]

00110

LC3_out from the CLC3

LCx_in[5]

00101

LC2_out from the CLC2

LCx_in[4]

00100

LC1_out from the CLC1

LCx_in[3]

00011

CLCINS pin input selected in
CLCIN3PPS register

LCx_in[2]

00010

CLCIN2 pin input selected in
CLCIN2PPS register

LCx_in[1]

00001

CLCIN1 pin input selected in
CLCIN1PPS register

LCx_in[0]

00000

CLCINO pin input selected in
CLCINOPPS register
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TABLE 19-3: SUMMARY OF REGISTERS ASSOCIATED WITH CLCx

Name Bit7 Bit6 Bit5 Bit4 BIt3 Bit2 Bitl Bit0 Eﬁgpizgeé
ANSELA = = = ANSA4 = ANSA2 ANSA1 ANSAOQ 122
ANSELB® — _ ANSB5 ANSB4 — — — — 128
ANSELC ANsC7® ANSCEW ANSC5@ ANSC4®) ANSC3 ANSC2 ANSCH1 ANSCO 133
CLC1CON LC1EN = LC10UT LC1INTP LC1INTN LC1MODE<2:0> 207
CLC2CON LC2EN = LC20UT LC2INTP LC2INTN LC2MODE<2:0> 207
CLC3CON LC3EN = LC30UT LC3INTP LC3INTN LC3MODE<2:0> 207
CLCDATA = = = = = MLC30UT | MLC20UT | MLC10UT 215

CLC1GLS0 LC1G1D4T | LC1G1D4N | LC1G1D3T | LC1G1D3N | LC1G1D2T | LC1G1D2N | LC1G1D1T | LC1G1D1IN 211

CLC1GLSH1 LC1G2D4T | LC1G2D4N | LC1G2D3T | LC1G2D3N | LC1G2D2T | LC1G2D2N | LC1G2D1T | LC1G2D1N 212

CLC1GLS2 LC1G3D4T | LC1G3D4N | LC1G3D3T | LC1G3D3N | LC1G3D2T | LC1G3D2N | LC1G3D1T | LC1G3D1N 213

CLC1GLS3 LC1G4D4T | LC1G4D4N | LC1G4D3T | LC1G4D3N | LC1G4D2T | LC1G4D2N | LC1G4D1T | LC1G4D1N 214

CLC1POL LC1POL — — — LC1G4POL | LC1G3POL | LC1G2POL | LC1G1POL 208
CLC1SELO — — — LC1D1S<4:0> 209
CLC1SEL1 — — — LC1D2S<4:0> 209
CLC1SEL2 — — — LC1D3S<4:0> 209
CLC1SEL3 — — — LC1D4S<4:0> 210

CLC2GLS0 LC2G1D4T | LC2G1D4N | LC2G1D3T | LC2G1D3N | LC2G1D2T | LC2G1D2N | LC2G1D1T | LC2G1D1N 211

CLC2GLS1 LC2G2D4T | LC2G2D4N | LC2G2D3T | LC2G2D3N | LC2G2D2T | LC2G2D2N | LC2G2D1T | LC2G2D1N 212

CLC2GLS2 LC2G3D4T | LC2G3D4N | LC2G3D3T | LC2G3D3N | LC2G3D2T | LC2G3D2N | LC2G3D1T | LC2G3D1N 213

CLC2GLS3 LC2G4D4T | LC2G4D4N | LC2GAD3T | LC2G4D3N | LC2G4D2T | LC2G4D2N | LC2G4D1T | LC2G4D1N 214

CLC2POL LC2POL — — — LC2G4POL | LC2G3POL | LC2G2POL | LC2G1POL 208
CLC2SELO — — — LC2D1S<4:0> 209
CLC2SEL1 = = = LC2D2S<4:0> 209
CLC2SEL2 — — — LC2D3S<4:0> 209
CLC2SEL3 — — — LC2D4S<4:0> 210

CLC3GLS0 LC3G1D4T | LC3G1D4N | LC3G1D3T | LC3G1D3N | LC3G1D2T | LC3G1D2N | LC3G1D1T | LC3G1D1N 211

CLC3GLSH1 LC3G2D4T | LC3G2D4N | LC3G2D3T | LC3G2D3N | LC3G2D2T | LC3G2D2N | LC3G2D1T | LC3G2D1N 212

CLC3GLS2 LC3G3D4T | LC3G3D4N | LC3G3D3T | LC3G3D3N | LC3G3D2T | LC3G3D2N | LC3G3D1T | LC3G3D1N 213

CLC3GLS3 LC3G4D4T | LC3G4D4N | LC3G4D3T | LC3G4D3N | LC3G4D2T | LC3G4D2N | LC3G4D1T | LC3G4D1N 214

CLC3POL LC3POL — — — LC3G4POL | LC3G3POL | LC3G2POL | LC3G1POL 208
CLC3SELO — — — LC3D1S<4:0> 209
CLC3SEL1 — — — LC3D2S<4:0> 209
CLC3SEL2 — — — LC3D3S<4:0> 209
CLC3SEL3 — — — LC3D4S<4:0> 210
CLCxPPS — — — CLCxPPS<4:0> 138, 139
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 85
PIE3 — — COGIE ZCDIE — CLC3IE CLC2IE CLC1IE 88
PIR3 — — COGIF ZCDIF — CLC3IF CLC2IF CLC1IF 91
RxyPPS _ _ — RxyPPS<4:0> 140
TRISA — — TRISAS TRISA4 —® TRISA2 TRISA1 TRISAO 121
TRISB® TRISB7 TRISB6 TRISB5 TRISB4 — = — — 197
TRISC TRISC7® | TRISC6® TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 132
Legend: — = unimplemented read as ‘0’. Shaded cells are not used for CLC module.

Note 1: PIC16(L)F1708 only.
2. PIC16(L)F1704 only.
3: Unimplemented, read as ‘1’.
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FIGURE 25-3: TIMER1 GATE ENABLE MODE
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Timer1 N XN+ N +2 N+3X N+4

FIGURE 25-4: TIMER1 GATE TOGGLE MODE
TMR1GE
T1GPOL
T1GTM

gnf— 1, [ 1 1 "1 [
T1CK|y_||—|F||—\'|j|—H—|miﬂmmm'ﬂ[—]ﬂmimm
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28.7 BAUD RATE GENERATOR

The MSSP module has a Baud Rate Generator
available for clock generation in both 1°C SPI Master
modes. The Baud Rate Generator (BRG) reload value
is placed in the SSPADD register (Register 28-6).
When a write occurs to SSPBUF, 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 28-40 triggers the
value from SSPADD to be loaded into the BRG counter.
This occurs twice for each oscillation of the module

FIGURE 28-40:

clock line. The logic dictating when the reload signal is
asserted depends on the mode the MSSP is being
operated in.

Table 28-4 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

EQUATION 28-1:

Fosc
(SSPXADD + 1)(4)

FcLock =

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM<3:0> j|>{ SSPADD<7:0>

SSPM<3:0> _ﬁ\/ Reload
SCL —P» Control

A

SSPCLK <—‘ BRG Down Counter [«—— Fosc/2

Reload

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSPADD when used as a Baud Rate
Generator for I2C. This is an implementation

limitation.
TABLE 28-4: MSSP CLOCK RATE W/BRG
FcLock
Fosc Fcy BRG Value (2 Rollovers of 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: Refer to the 1/0 port electrical specifications in Table 32-4 to ensure the system is designed to support loL

requirements.
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29.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VOH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
transmission port idles in the mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is eight bits. Each transmitted bit persists for a
period of 1/(Baud Rate). An on-chip dedicated
8-bit/16-bit Baud Rate Generator is used to derive
standard baud rate frequencies from the system
oscillator. See Table 29-5 for examples of baud rate
configurations.

The EUSART transmits and receives the LSb first. The
EUSART'’s transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

29.1.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 29-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREG register.

29.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
+ SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the EUSART and automatically
configures the TX/CK I/O pin as an output. If the TX/CK
pin is shared with an analog peripheral, the analog 1/0
function must be disabled by clearing the corresponding
ANSEL bit.

Note:  The TXIF Transmitter Interrupt flag is set
when the TXEN enable bit is set.

290.1.1.2

A transmission is initiated by writing a character to the
TXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXREG is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXREG.

Transmitting Data

29.1.1.3

The polarity of the transmit data can be controlled with
the SCKP bit of the BAUDCON register. The default
state of this bit is ‘0’ which selects high true transmit idle
and data bits. Setting the SCKP bit to ‘1’ will invert the
transmit data resulting in low true idle and data bits. The
SCKP bit controls transmit data polarity in
Asynchronous mode only. In Synchronous mode, the
SCKP bit has a different function. See Section 29.5.1.2
“Clock Polarity”.

Transmit Data Polarity

29.1.14 Transmit Interrupt Flag

The TXIF interrupt flag bit of the PIR1 register is set
whenever the EUSART transmitter is enabled and no
character is being held for transmission in the TXREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXREG. The TXIF flag bit
is not cleared immediately upon writing TXREG. TXIF
becomes valid in the second instruction cycle following
the write execution. Polling TXIF immediately following
the TXREG write will return invalid results. The TXIF bit
is read-only, it cannot be set or cleared by software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 register. However, the
TXIF flag bit will be set whenever the TXREG is empty,
regardless of the state of TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXREG.
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20.1.2 EUSART ASYNCHRONOUS
RECEIVER

The Asynchronous mode is typically used in RS-232
systems. The receiver block diagram is shown in
Figure 29-2. The data is received on the RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter operating at 16 times
the baud rate, whereas the serial Receive Shift
Register (RSR) operates at the bit rate. When all eight
or nine bits of the character have been shifted in, they
are immediately transferred to a two character
First-In-First-Out (FIFO) memory. The FIFO buffering
allows reception of two complete characters and the
start of a third character before software must start
servicing the EUSART receiver. The FIFO and RSR
registers are not directly accessible by software.
Access to the received data is via the RCREG register.

29.1.2.1 Enabling the Receiver

The EUSART receiver is enabled for asynchronous
operation by configuring the following three control bits:

*« CREN=1
« SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the CREN bit of the RCSTA register enables the
receiver circuitry of the EUSART. Clearing the SYNC bit
of the TXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the EUSART. The programmer
must set the corresponding TRIS bit to configure the
RX/DT 1/O pin as an input.

Note: If the RX/DT function is on an analog pin,
the corresponding ANSEL bit must be
cleared for the receiver to function.

20.1.2.2

The receiver data recovery circuit initiates character
reception on the falling edge of the first bit. The first bit,
also known as the Start bit, is always a zero. The data
recovery circuit counts one-half bit time to the center of
the Start bit and verifies that the bit is still a zero. If it is
not a zero then the data recovery circuit aborts
character reception, without generating an error, and
resumes looking for the falling edge of the Start bit. If
the Start bit zero verification succeeds then the data
recovery circuit counts a full bit time to the center of the
next bit. The bit is then sampled by a majority detect
circuit and the resulting ‘0’ or ‘1’ is shifted into the RSR.
This repeats until all data bits have been sampled and
shifted into the RSR. One final bit time is measured and
the level sampled. This is the Stop bit, which is always
a ‘1. If the data recovery circuit samples a ‘0’ in the
Stop bit position then a framing error is set for this
character, otherwise the framing error is cleared for this
character. See Section 29.1.2.4 “Receive Framing
Error” for more information on framing errors.

Receiving Data

Immediately after all data bits and the Stop bit have
been received, the character in the RSR is transferred
to the EUSART receive FIFO and the RCIF interrupt
flag bit of the PIR1 register is set. The top character in
the FIFO is transferred out of the FIFO by reading the
RCREG register.

Note: If the receive FIFO is overrun, no additional
characters will be received until the overrun
condition is cleared. See Section 29.1.2.5
“Receive Overrun Error” for more
information on overrun errors.

29.1.2.3 Receive Interrupts

The RCIF interrupt flag bit of the PIR1 register is set
whenever the EUSART receiver is enabled and there is
an unread character in the receive FIFO. The RCIF
interrupt flag bit is read-only, it cannot be set or cleared
by software.

RCIF interrupts are enabled by setting all of the

following bits:

* RCIE, Interrupt Enable bit of the PIE1 register

» PEIE, Peripheral Interrupt Enable bit of the
INTCON register

* GIE, Global Interrupt Enable bit of the INTCON
register

The RCIF interrupt flag bit will be set when there is an
unread character in the FIFO, regardless of the state of
interrupt enable bits.

© 2013-2015 Microchip Technology Inc.
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DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSzZ fd

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

Operation: (f) - 1 — (destination);
skip if result =0

Status Affected: None

Description: The contents of register ‘f’ are decre-
mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘'d’ is ‘1, the result
is placed back in register f'.
If the result is ‘1’, the next instruction is
executed. If the resultis ‘0’, then a
NOP is executed instead, making it a
2-cycle instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k - PC<10:0>
PCLATH<6:3> — PC<14:11>

Status Affected: None

Description: QOTOis an unconditional branch. The
11-bit immediate value is loaded into
PC bits <10:0>. The upper bits of PC
are loaded from PCLATH<4:3>. GOTO
is a 2-cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

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

Operation: (f) + 1 — (destination)

Status Affected: 4

Description: The contents of register ‘f’ are incre-

mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘d’ is ‘1’, the result
is placed back in register ‘f'.

INCFSZ Increment f, Skip if O

Syntax: [label] INCFSZ fd

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

Operation: (f) + 1 > (destination),
skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are incre-
mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘'d’ is ‘1’, the result
is placed back in register f'.
If the resultis ‘1’, the next instruction is
executed. If the resultis ‘0’, a NOP is
executed instead, making ita 2-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] IORLW k

Operands: 0<k<255

Operation: (W) .OR. k - (W)

Status Affected: z

Description: The contents of the W register are
OR’ed with the 8-bit literal ‘k’. The
result is placed in the W register.

IORWF Inclusive OR W with f

Syntax: [label] IORWF fd

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

Operation: (W) .OR. (f) > (destination)

Status Affected: 4

Description: Inclusive OR the W register with regis-

ter ‘f. If ‘d’ is ‘0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is
placed back in register .
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FIGURE 32-9: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
I | |
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FIGURE 32-10: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

VBOR and VHYST

X E(Device not in Brown-out Reset)

Reset : | T

(due to BOR)

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programmed to
‘0.
2 ms delay if PWRTE = 0.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.

Max: 85°C + 30 Max.
10 Typical: 25°C

[—]
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1.6 1.8 2.0 22 24 26 28 3.0 3.2 3.4 3.6 3.8

VDD (V)

FIGURE 33-7: IbD, EC Oscillator, Low-Power
Mode, Fosc = 32 MHz. PIC16LF1704/8 Only.
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FIGURE 33-8: IDD, EC Oscillator, Low-Power
Mode, Fosc = 32 MHz. PIC16F1704/8 Only.
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FIGURE 33-9: IbD, EC Oscillator, Low-Power
Mode, Fosc = 500 kHz. PIC16LF1704/8 Only.
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FIGURE 33-10: IbD, EC Oscillator, Low-Power
Mode, Fosc =500 kHz. PIC16F1704/8 Only.
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FIGURE 33-11: IDD Typical, EC Oscillator,

Medium-Power Mode. PIC16LF1704/8 Only.
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FIGURE 33-12: IDb Maximum, EC Oscillator,

Medium-Power Mode. PIC16LF1704/8 Only.
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20-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

e

oI

SILK
-« SCREEN
G
C
I _
— E L— 4>l |<7 X
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits| MIN [ NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 9.40
Contact Pad Width (X20) X 0.60
Contact Pad Length (X20) Y 1.95
Distance Between Pads Gx 0.67
Distance Between Pads G 7.45

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2094A

© 2013-2015 Microchip Technology Inc. DS40001715D-page 445



PIC16(L)F1704/8

20-Lead Plastic Quad Flat, No Lead Package (ML) - 4x4 mm Body [QFN]

With 0.40 mm Contact Length

http://www.microchip.com/packaging

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

C1

W2

~uUUL

E
o | [ [ 1—
I — I f
«i =l |
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 2.50
Optional Center Pad Length T2 2.50
Contact Pad Spacing C1 3.93
Contact Pad Spacing C2 3.93
Contact Pad Width X1 0.30
Contact Pad Length Y1 0.73
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2126A
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