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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"

Active

PIC

8-Bit

32MHz

I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
18

7KB (4K x 14)

FLASH

512 x 8

2.3V ~ 5.5V

A/D 12x10b; D/A 1x8b

Internal

-40°C ~ 125°C (TA)

Surface Mount

20-SSOP (0.209", 5.30mm Width)
20-SSOP
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PIC12(L)F1612 (A) | 2048 35 256 256 6 4 1 0 Y 1 114 |1]20|1]0 Y O[O0 |N|[O]|O
PIC16(L)F1613 (A) | 2048 35 256 256 12 4 1 0 Y 2 2|8 |1[|20|1]0 Y O[O0 |N|[O]|O
PIC16(L)F1614 (B) | 4096 7 512 512 12 4 3 1 Y 2 21812212 Y 112 |Y |1 1
PIC16(L)F1615 (C) | 8192 14 1024 | 128 12 4 3 1 Y 2 2|81 [22|1] 4 Y 112 |Y]|1 1
PIC16(L)F1618 (B) | 4096 7 512 512 18 4 3 1 Y 2 2112112212 Y 112 |Y |1 1
PIC16(L)F1619 (C) | 8192 14 1024 | 128 18 4 3 1 Y 2 2 (121 |22 |1 4 Y 112 |Y |1 1
Note 1: Debugging Methods: (I) — Integrated on Chip; (H) — via ICD Header; E — using Emulation Product

Data Sheet Index:

A. DS40001737
B. DS40001769
C. DS40001770

PIC12(L)F1612/16(L)F1613 Data Sheet, 8/14-Pin, 8-bit Flash Microcontrollers

PIC16(L)F1614/8 Data Sheet, 14/20-Pin, 8-bit Flash Microcontrollers
PIC16(L)F1615/9 Data Sheet, 14/20-Pin, 8-bit Flash 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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TABLE 3-14: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . . . . . . Value on Value on all
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR | other Resets
Bank 31
F8Ch |[— Unimplemented — —
FE3h
FE4h |STATUS_ — — — — — Z_SHAD DC_SHAD C_SHAD S--- -XXX | ---- -uuu
SHAD
FE5h |WREG_ Working Register Shadow XXXX XXXX | uuuu uuuu
SHAD
FE6h [BSR_ — — — Bank Select Register Shadow ---X XXXX | ---U uuuu
SHAD
FE7h |PCLATH_ — Program Counter Latch High Register Shadow - XXX XXXX | uuuu uuuu
SHAD
FE8h |FSROL_ Indirect Data Memory Address 0 Low Pointer Shadow XXXX XXXX | uuuu uuuu
SHAD
FE9h |FSROH_ Indirect Data Memory Address 0 High Pointer Shadow XXXX XXXX | uuuu uuuu
SHAD
FEAh |FSR1L_ Indirect Data Memory Address 1 Low Pointer Shadow XXXX XXXX | uuuu uuuu
SHAD
FEBh |FSR1H_ Indirect Data Memory Address 1 High Pointer Shadow XXXX XXXX | uuuu uuuu
SHAD
FECh [— Unimplemented — —
FEDh |STKPTR — | — — Current Stack Pointer ---1 1111 | ---1 1111
FEEh |TOSL Top-of-Stack Low byte XXXX XXXX | uuuu uuuu
FEFh |TOSH — |Top-of—Stack High byte - XXX XXXX | -uuu uuuu
Legend: x =unknown, u =unchanged, g = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’.
Note 1: PIC16F1614/8 only.
2. Unimplemented, read as ‘1.
3:  PIC16(L)F1614 only.
4:  PIC16(L)F1618 only.
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PIC16(L)F1614/8

REGISTER 4-3: CONFIG3: CONFIGURATION WORD 3

R/P-0 R/P-0 R/P-1 R/P-1 R/P-1 R/P-1
WDTCCS<2:0> WDTCWS<2:0>
bit 13 bit 8
U-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
— WDTE<1:0> WDTCPS<4:0>
bit 7 bit 0
Legend:

R = Readable bit
‘0’ = Bit is cleared

P = Programmable bit

‘1’ = Bit is set

U = Unimplemented bit, read as ‘1’
-n = Value when blank or after Bulk Erase

bit 13-11 WDTCCS<2:0>: WDT Configuration Clock Select bits

111 =Software Control; WDT clock selected by CS<2:0>
110 =Reserved

.

.

010 =Reserved

001 =WDT reference clock is MFINTOSC, 31.25 kHz (default value)

000 =WDT reference clock is LFINTOSC, 31.00 kHz output

Default fuse =111

bit 10-8 WDTCWS<2:0>: WDT Configuration Window Select bits.
WDTCWS WINDOW at POR Software Keyed
<2:0> value Window delay | Window opening \;:\/Trr\]gglvsf) reacc'eszo
Percent of time | Percent of time ‘ quired

111 111 n/a 100 Yes No
110 111 n/a 100
101 101 25 75
100 100 37.5 62.5
011 011 50 50 No Yes
010 010 62.5 37.5
001 001 75 25
000 000 87.5 12.5(

bit 7 Unimplemented: Read as ‘1’

bit 6-5 WDTE<1:0>: Watchdog Timer Enable bits

11 =WDT enabled in all modes, the SEN bit in the WDTCONO register is ignored

10 =WDT enabled while running and disabled in Sleep

01 =WDT controlled by the SEN bit in the WDTCONO register
00 = WDT disabled

© 2014-2016 Microchip Technology Inc.
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PIC16(L)F1614/8

REGISTER 4-3: CONFIG3: CONFIGURATION WORD 3 (CONTINUED)

bit 4-0 WDTCPS<4:0>: WDT Configuration Period Select bits
WDTPS at POR o
oftware
WEISES N . Typical control of
Value Divider Ratio time out WDTPS
(FIN = 31 kHz)
11111 01011 1:65536 | 216 2s Yes
10011 10011
1:32| 2° 1 ms No
11110 11110
10010 10010 1:8388608 | 223 256 s
10001 10001 1:4194304 | 222 128's
10000 10000 1:2097152 | 221 64 s
01111 01111 1:1048576 | 220 32s
01110 01110 1:524299 | 219 16's
01101 01101 1:262144 | 218 8s
01100 01100 1:131072 | 27 4s
01011 01011 1:65536 | 216 2s
01010 01010 1:32768 | 2 1s
01001 01001 1:16384 | 214 512 ms No
01000 01000 1:8192| 21 256 ms
00111 00111 1:4006 | 212 128 ms
00110 00110 1:2048 | 2" 64 ms
00101 00101 1:1024 | 210 32ms
00100 00100 1:512| 29 16 ms
00011 00011 1:256 | 28 8ms
00010 00010 1:128| 27 4ms
00001 00001 1:64| 26 2 ms
00000 00000 1:32] 2° 1ms

Default
fuse =11111

Note 1: A window delay of 12.5% is only available in Software Control mode via the WDTCON1 register.

© 2014-2016 Microchip Technology Inc.
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PIC16(L)F1614/8

5.0 OSCILLATOR MODULE

51 Overview

The oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing perfor-
mance and minimizing power consumption. Figure 5-1
illustrates a block diagram of the oscillator module.

Clock sources can be supplied from external oscillators.
In addition, the system clock source can be supplied
from one of two internal oscillators and PLL circuits, with
a choice of speeds selectable via software. Additional
clock features include:

» Selectable system clock source between external
or internal sources via software.

The oscillator module can be configured in one of the
following clock modes.

1. ECL - External Clock Low-Power mode
(0 MHz to 0.5 MHz)

2. ECM - External Clock Medium-Power mode
(0.5 MHz to 4 MHz)

3. ECH - External Clock High-Power mode
(4 MHz to 32 MHz)

4. INTOSC - Internal oscillator (31 kHz to 32 MHz).

Clock Source modes are selected by the FOSC<1:0>
bits in the Configuration Words. The FOSC bits
determine the type of oscillator that will be used when
the device is first powered.

The ECH, ECM, and ECL Clock modes rely on an
external logic level signal as the device clock source.

The INTOSC internal oscillator block produces low,
medium, and high-frequency clock sources,
designated LFINTOSC, MFINTOSC and HFINTOSC.
(see Internal Oscillator Block, Figure 5-1). A wide
selection of device clock frequencies may be derived
from these three clock sources.

© 2014-2016 Microchip Technology Inc.

DS40001769B-page 73



PIC16(L)F1614/8

REGISTER 7-4: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

uU-0 u-0 R/W-0/0 R/W-0/0 uU-0 u-0 R/W-0/0 R/W-0/0
— — CWGIE ZCDIE — — CLC2IE CLC1IE
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 CWGIE: Complementary Waveform Generator (CWG) Interrupt Enable bit
1 = Enables the CWG interrupt
0 = Disables the CWG interrupt
bit 4 ZCDIE: Zero-Cross Detection (ZCD) Interrupt Enable bit
1 = Enables the ZCD interrupt
0 = Disables the ZCD interrupt
bit 3-2 Unimplemented: Read as ‘0’
bit 1 CLC2IE: Configurable Logic Block 2 Interrupt Enable bit
1 = Enables the CLC 2 interrupt
0 = Disables the CLC 2 interrupt
bit 0 CLCL1IE: Configurable Logic Block 1 Interrupt Enable bit
1 = Enables the CLC 1 interrupt
0 = Disables the CLC 1 interrupt
Note:

Bit PEIE of the INTCON register must beI
set to enable any peripheral interrupt.

© 2014-2016 Microchip Technology Inc. DS40001769B-page 100



PIC16(L)F1614/8

REGISTER 7-6: PIE5: PERIPHERAL INTERRUPT ENABLE REGISTER 5
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/HS-0/0 R/W/HS-0/0 | R/W/HS-0/0
TMR3GIE TMR3IE TMR5GIE TMRS5IE - AT1IE PID1EIE PID1DIE
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 TMR3GIE: Timer3 Gate Interrupt Enable bit
1 = Enables the Timer3 Gate interrupt
0 = Disables the Timer3 Gate interrupt

bit 6 TMRS3IE: Timer3 Overflow Interrupt Enable bit
1 = Enables the Timer3 overflow interrupt
0 = Disables the Timer3 overflow interrupt

bit 5 TMR5GIE: Timer5 Gate Interrupt Enable bit
1 = Enables the Timer5 Gate interrupt
0 = Disables the Timer5 Gate interrupt

bit 4 TMRSIE: Timer5 Overflow Interrupt Enable bit
1 = Enables the Timer5 overflow interrupt
0 = Disables the Timer5 overflow interrupt

bit 3 Unimplemented: Read as ‘0’

bit 2 AT1IE: Angular Timer 1 Interrupt Enable bit
1 = Enables the Angular Timer 1 interrupt
0 = Disables the Angular Timer 1 interrupt

bit 1 PID1EIE: PID Error Interrupt Enable bit
1 = Enables the PID error interrupt
0 = Disables the PID error interrupt

bit 0 PID1DIE: PID Interrupt Enable bit

1 = Enables the PID interrupt
0 = Disables the PID interrupt

Note: Bit PEIE of the INTCON register must beI
set to enable any peripheral interrupt.

© 2014-2016 Microchip Technology Inc.
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PIC16(L)F1614/8

TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BIt 0 Eﬁggztgeé
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 97
OPTION_REG WPUEN INTEDG TMROCS TMROSE PSA PS<2:0> 222
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 98
PIE2 — C2IE C1IE — BCLIE TMRG6IE TMR4IE CCP2IE 99
PIE3 — — CWGIE ZCDIE — — CLC2IE CLC1IE 100
PIE4 SCANIE CRCIE SMT2PWAIE | SMT2PRAIE SMT2IE SMT1PWAIE | SMT1PRAIE SMT1IF 101
PIES TMR3GIE TMRSIE TMR5GIE TMRS5IE — AT1IE PID1EIE PID1DIE 102
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 103
PIR2 — C2IF C1IF — BCLIF TMRG6IF TMR4IF CCP2IF 104
PIR3 — — CWGIF ZCDIF — — CLC2IF CLC1IF 105
PIR4 SCANIF CRCIF SMT2PWAIF | SMT2PRAIF SMT2IF SMT1PWAIF | SMT1PRAIF SMT1IF 106
PIR5 TMR3GIF TMR3IF TMR5GIF TMRSIF — AT1IF PID1EIF PID1DIF 107
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by interrupts.

© 2014-2016 Microchip Technology Inc. DS40001769B-page 108



PIC16(L)F1614/8

FIGURE 8-1: WAKE UP FROM SLEEP THROUGH INTERRUPT
'Q1|Q2|QSIQ4 Q1|Q2|03|Q4 Qi ' 'Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4 Q1|Q2IQ3IQ4 Q1|Q2IQ3|Q4'
CLKIN®, ) ; , .
CLKOUT®: \ /—\ I T OSC“) / \ / \ / N
Interrupt flag , : : I . Interrupt Latency™® . . .
GIE bit | ] \ ! ] ] , , ,
(INTCON reg.) : | Processor : : — : :
| | . Sleep . ' ' ' |
Instruction Flow! X X : ' X ' ' !
PC X PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h |
'F”St‘éﬁ‘éﬂo” 'Inst(PC) = Sleep’  Inst(PC + 1) ! ' Inst(PC+2) ! X Inst(0004h) ' Inst(0005h) !
E)?gcuu%tei;%n : Inst(PC - 1) : Sleep : : Inst(PC + 1) . Forced NOP . Forced NOP . Inst(0004h) :
Note 1 External clock. High, Medium, Low mode assumed.
2:  CLKOUT is shown here for timing reference.
3: T10sc; See Section 35.0 “Electrical Specifications”.
4: GIE =1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.
8.2 Low-Power Sleep Mode 8.2.2 PERIPHERAL USAGE IN SLEEP

This device contains an internal Low Dropout (LDO)
voltage regulator, which allows the device 1/O pins to
operate at voltages up to 5.5V while the internal device
logic operates at a lower voltage. The LDO and its
associated reference circuitry must remain active when
the device is in Sleep mode.

Low-Power Sleep mode allows the user to optimize the
operating current in Sleep. Low-Power Sleep mode can
be selected by setting the VREGPM bit of the
VREGCON register, putting the LDO and reference
circuitry in a low-power state whenever the device is in
Sleep.

8.2.1 SLEEP CURRENT VS. WAKE-UP

TIME

In the Default Operating mode, the LDO and reference
circuitry remain in the normal configuration while in
Sleep. The device is able to exit Sleep mode quickly
since all circuits remain active. In Low-Power Sleep
mode, when waking up from Sleep, an extra delay time
is required for these circuits to return to the normal con-
figuration and stabilize.

The Low-Power Sleep mode is beneficial for applica-
tions that stay in Sleep mode for long periods of time.
The Normal mode is beneficial for applications that
need to wake from Sleep quickly and frequently.

Some peripherals that can operate in Sleep mode will
not operate properly with the Low-Power Sleep mode
selected. The LDO will remain in the Normal-Power
mode when those peripherals are enabled. The Low-
Power Sleep mode is intended for use with these
peripherals:

* Brown-Out Reset (BOR)

» Watchdog Timer (WDT)

» External interrupt pin/Interrupt-on-change pins

» Timer1 (with external clock source)

The Complementary Waveform Generator (CWG) can
utilize the HFINTOSC oscillator as either a clock
source or as an input source. Under certain condi-
tions, when the HFINTOSC is selected for use with the
CWG modules, the HFINTOSC will remain active

during Sleep. This will have a direct effect on the
Sleep mode current.

Please refer to sections Section 28.11 “Operation
During Sleep” for more information.

The PIC16LF1614/8 does not have a con-
figurable Low-Power Sleep mode.
PIC16LF1614/8 is an unregulated device
and is always in the lowest power state
when in Sleep, with no wake-up time pen-
alty. This device has a lower maximum
VDD and /O voltage than the
PIC16F1614/8. See Section
35.0 “Electrical  Specifications”  for
more information.

Note:

© 2014-2016 Microchip Technology Inc.
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PIC16(L)F1614/8

19.8 Comparator Response Time A maximum source impedance of 10 kQ is recommended
o ) ) for the analog sources. Also, any external component

The comparator output is indeterminate for a period of connected to an analog input pin, such as a capacitor or

time after the change of an input source or the selection a Zener diode, should have very little leakage current to

of a new reference voltage. This period is referred to as minimize inaccuracies introduced.

the response time. The response time of the comparator

differs from the settling time of the voltage reference. Note 1: When reading a PORT register, all pins

Therefore, both of these times must be considered when configured as analog inputs will read as a

determining the total response time to a comparator ‘0. Pins configured as digital inputs will

input change. See the Comparator and Voltage convert as an analog input, according to

Reference Specifications in Section35.0 “Electrical the input specification.

Specifications” for more details. 2: Analog levels on any pin defined as a

digital input, may cause the input buffer to
19.9 Analog Input Connection consume more current than is specified.

Considerations

A simplified circuit for an analog input is shown in
Figure 19-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

FIGURE 19-3: ANALOG INPUT MODEL
Voo Yo
L | Analog VT 0.6V
| Rs < 10K !Input pin
| X » To Comparator
| \ )
| | ILEAKAGE
| | CPIN - VT =0.6V
| — |
oD | ‘ 1 ovs

Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance

VA Analog Voltage
VT = Threshold Voltage

Note 1: See Section35.0 “Electrical Specifications”.

© 2014-2016 Microchip Technology Inc. DS40001769B-page 211
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FIGURE 23-2: TIMER2 CLOCK SOURCE

BLOCK DIAGRAM

TxCLKCON

TXINPPS 1

Rev. 10-000 1698
512012014

Timer Clock Sources
(See Table 23-3)

> TMR2_clk

/

23.1 Timer2 Operation

Timer2 operates in three major modes:

» Free Running Period
* One-shot
* Monostable

Within each mode there are several options for starting,
stopping, and reset. Table 23-1 lists the options.

In all modes, the TMR2 count register is incremented
on the rising edge of the clock signal from the program-
mable prescaler. When TMR2 equals T2PR, a high
level is output to the postscaler counter. TMR2 is
cleared on the next clock input.

An external signal from hardware can also be config-
ured to gate the timer operation or force a TMR2 count
Reset. In Gate modes the counter stops when the gate
is disabled and resumes when the gate is enabled. In
Reset modes the TMR2 count is reset on either the
level or edge from the external source.

The TMR2 and T2PR registers are both directly read-
able and writable. The TMR2 register is cleared and the
T2PR register initializes to FFh on any device Reset.
Both the prescaler and postscaler counters are cleared
on the following events:

* a write to the TMR2 register

» awrite to the T2CON register

* any device Reset

» External Reset Source event that resets the timer.

Note: TMR2 is not cleared when T2CON is
written.

23.1.1 FREE RUNNING PERIOD MODE

The value of TMR2 is compared to that of the Period
register, T2PR, on each clock cycle. When the two
values match, the comparator resets the value of TMR2
to 00h on the next cycle and increments the output
postscaler counter. When the postscaler count equals

the value in the OUTPS<4:0> bits of the TMRxCON1
register then a one clock period wide pulse occurs on the
TMR2_postscaled output, and the postscaler count is
cleared.

23.1.2 ONE-SHOT MODE

The One-Shot mode is identical to the Free Running
Period mode except that the ON bit is cleared and the
timer is stopped when TMR2 matches T2PR and will
not restart until the T20N bit is cycled off and on.
Postscaler OUTPS<4:0> values other than 0 are
meaningless in this mode because the timer is stopped
at the first period event and the postscaler is reset
when the timer is restarted.

23.1.3 MONOSTABLE MODE

Monostable modes are similar to One-Shot modes
except that the ON bit is not cleared and the timer can
be restarted by an external Reset event.

23.2 Timer2 Output

The Timer2 module’s primary output is TMR2_posts-
caled, which pulses for a single TMR2_clk period when
the postscaler counter matches the value in the
OUTPS bits of the TMR2xCON register. The T2PR
postscaler is incremented each time the TMR2 value
matches the T2PR value. This signal can be selected
as an input to several other input modules:

* The ADC module, as an Auto-conversion Trigger
* COG, as an auto-shutdown source

In addition, the Timer2 is also used by the CCP module
for pulse generation in PWM mode. Both the actual
TMR2 value as well as other internal signals are sent to
the CCP module to properly clock both the period and
pulse width of the PWM signal. See Section
26.4 “CCP/PWM Clock Selection” for more details on
setting up Timer2 for use with the CCP, as well as the
timing diagrams in Section 23.5 “Operation Exam-
ples” for examples of how the varying Timer2 modes
affect CCP PWM output.

23.3 External Reset Sources

In addition to the clock source, the Timer2 also takes in
an external Reset source. This external Reset source
is selected for Timer2, Timer4, and Timer6 with the
T2RST, T4RST, and T6RST registers, respectively.
This source can control starting and stopping of the
timer, as well as resetting the timer, depending on
which mode the timer is in. The mode of the timer is
controlled by the MODE<4:0> bits of the TMRxHLT
register. Edge-Triggered modes require six Timer clock
periods between external triggers. Level-Triggered
modes require the triggering level to be at least three
Timer clock periods long. External triggers are ignored
while in Debug Freeze mode.

© 2014-2016 Microchip Technology Inc.
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I°C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN =1, AHEN =1, DHEN = 1)

FIGURE 24-17:
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24.5.3.3 7-bit Transmission with Address
Hold Enabled

Setting the AHEN bit of the SSPxCON3 register
enables additional clock stretching and interrupt
generation after the eighth falling edge of a received
matching address. Once a matching address has
been clocked in, CKP is cleared and the SSPxIF
interrupt is set.

Figure 24-19 displays a standard waveform of a 7-bit

address slave transmission with AHEN enabled.

1. Bus starts Idle.

2. Master sends Start condition; the S bit of
SSPxSTAT is set; SSPxIF is set if interrupt on
Start detect is enabled.

3. Master sends matching address with R/W bit
set. After the eighth falling edge of the SCL line
the CKP bit is cleared and SSPxIF interrupt is
generated.

4. Slave software clears SSPxIF.

5. Slave software reads ACKTIM bit of SSPxCON3
register, and R/W and D/A of the SSPxSTAT
register to determine the source of the interrupt.

6. Slave reads the address value from the
SSPxBUF register clearing the BF bit.

7. Slave software decides from this information if it
wishes to ACK or not ACK and sets the ACKDT
bit of the SSPxCON2 register accordingly.

8. Slave sets the CKP bit releasing SCL.

9. Master clocks in the ACK value from the slave.

10. Slave hardware automatically clears the CKP bit
and sets SSPxIF after the ACK if the R/W bit is
set.

11. Slave software clears SSPxIF.

12. Slave loads value to transmit to the master into
SSPxBUF setting the BF bit.

Note: SSPxBUF cannot be loaded until after theI
ACK.

13. Slave sets the CKP bit releasing the clock.

14. Master clocks out the data from the slave and
sends an ACK value on the 9th SCL pulse.

15. Slave hardware copies the ACK value into the
ACKSTAT bit of the SSPxCON2 register.

16. Steps 10-15 are repeated for each byte transmit-
ted to the master from the slave.

17. If the master sends a not ACK the slave
releases the bus allowing the master to send a
Stop and end the communication.

Note: Master must send a not ACK on the last
byte to ensure that the slave releases the
SCL line to receive a Stop.
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FIGURE 25-6: AUTOMATIC BAUD RATE CALIBRATION
BRe vale 0000 oooon ) T TO0O0000000C000000 oo
: ~Edge#1  Edge#? Edge #3 Edge#d Edge #5
RX pin ! Start [ bito L bit1 [bit2 | bit3 [Tbita | bit5 [bite | bit7 [ Stop bit
BRG Clock '
Set by User ! E Auto Cleared
ABDEN bit N . 4
RCIDL : ' '
' : -
RCIF bit ; : \ :
(Interrupt) \ " ,
Read : : \ |
RCXREG ; . v
SPXBRGL : L Xxh ¥ 1Ch
SPxBRGH XXh ) 00h

Note 1: The ABD sequence requires the EUSART module to be configured in Asynchronous mode.
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FIGURE 25-12: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

R X bito X bit1 X bit2 bit3 X bit4 bits > bit6 > bit7

(SoKP 0] [ T s Y s I B U SO N

TX/CK pin
SoKp ) I e FE s I s ey Y A s s NN

Write to

bit SREN ~ ||

SREN bit L

CREN bit _ 0’ o

RCIF bit

(Interrupt) ’gl—

Read
RCxREG

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 25-8: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER

RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁggz‘;eé
ANSELA — — — ANSA4 — ANSA2 | ANSA1 ANSAQ 152
ANSELB® — — ANSB5 ANSB4 — — — — 159
ANSELC ANSC7® | ANsce® — — ANSC3 ANSC2 ANSC1 ANSCO 166
BAUD1CON | ABDOVF RCIDL = SCKP BRG16 — WUE ABDEN 323
CKPPS — — — CKPPS<4:0> 174,172
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 97
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMR1IE 98
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 103
RC1REG EUSART Receive Data Register 316*
RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 322
RXPPS — — — RXPPS<4:0> 174,172
RxyPPS — — — RxyPPS<4:0> 172
SP1BRGL BRG<7:0> 324*
SP1BRGH BRG<15:8> 324*
TRISA = = TRISA5 | TRISA4 —@ TRISA2 | TRISA1 TRISAO 151
TRISB® TRISB7 TRISB6 | TRISB5 | TRISB4 — = — — 158
TRISC TRISC7® | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 165
TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 321
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for synchronous master reception.

*

Page provides register information.
Note 1: PIC16(L)F1618 only.
2:  Unimplemented, read as ‘1’.
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FIGURE 30-4: GATED TIMER MODE REPEAT ACQUISITION TIMING DIAGRAM
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REGISTER 32-26: PIDXACCLH: PID ACCUMULATOR LOW HIGH REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACC<15:8>

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 7-0 ACC<15:8>: Bits <15:8> of ACC. ACC is the accumulator register in which all of the multiplier results

for the PID are accumulated before being written to the output.

REGISTER 32-27: PIDXACCLL: PID ACCUMULATOR LOW LOW REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACC<7:0>

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 7-0 ACC<7:0>: Bits <7:0> of ACC. ACC is the accumulator register in which all of the multiplier results for

the PID are accumulated before being written to the output.
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CALLW Subroutine Call With W

Syntax: [ label ] CALLW

Operands: None

Operation: (PC) +1 > TOS,
(W) —» PC<7:0>,
(PCLATH<6:0>) —» PC<14:8>

Status Affected: None

Description: Subroutine call with W. First, the
return address (PC + 1) is pushed
onto the return stack. Then, the con-
tents of W is loaded into PC<7:0>,
and the contents of PCLATH into
PC<14:8>. CALLWis a 2-cycle
instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
1->2Z7

Status Affected: 4

Description: The contents of register ‘f’ are cleared
and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h —» (W)
1527

Status Affected: z

Description: W register is cleared. Zero bit (Z) is
set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h -» WDT
0 — WDT prescaler,
1->TO
1—->PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the Watch-

dog Timer. It also resets the prescaler
of the WDT. _
Status bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF f,d

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

Operation: (f) > (destination)

Status Affected: z

Description: The contents of register ‘f are com-
plemented. If ‘d’ is ‘0’, the result is
stored in W. If ‘d’ is ‘1’, the result is
stored back in register ‘f’.

DECF Decrement f

Syntax: [label] DECF f,d

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

Operation: (f) - 1 — (destination)

Status Affected: 4

Description: Decrement register ‘f’. If ‘d’ is ‘0’, the
result is stored in the W register. If ‘d’
is ‘1’, the result is stored back in regis-
ter ’f.

DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSZ 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 resultis ‘1, the next instruction is
executed. If the result is ‘0’, then a
NOP is executed instead, making it a
2-cycle instruction.
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SUBLW Subtract W from literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k- (W) —> (W)
Status Affected: C,DC,Z
Description: The W register is subtracted (2's com-
plement method) from the 8-bit literal
‘k’. The result is placed in the W regis-
ter.
C=0 W >k
Cc=1 W<k
DC=0 W<3:0> > k<3:0>
DC=1 |W<3:0><k<3:0>
SUBWF Subtract W from f
Syntax: [label] SUBWF f,d
Operands: 0<f<127
d e[0,1]
Operation: (f) - (W) — (destination)
Status Affected: C, DC, Z
Description: Subtract (2’'s complement method) W
register from register ‘f’. If ‘d’ is ‘0’, the
result is stored in the W
register. If ‘d’ is ‘1’, the result is stored
back in register f.
C=0 W > f
Cc=1 W<f
DC=0 W<3:0> > f<3:0>
DC=1 |W<3:0><f<3:0>
SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{,d}
Operands: 0<f<127
d e [0,1]
Operation: (f) = (W) = (B) — dest
Status Affected: C,DC,Z
Description: Subtract W and the BORROW flag

(CARRY) from register ‘f’ (2’s comple-
ment method). If ‘d’ is ‘0’, the result is
stored in W. If ‘d’ is ‘1’, the result is
stored back in register f.

SWAPF Swap Nibbles in f

Syntax: [label] SWAPF f,d

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

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

Status Affected: None

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

TRIS Load TRIS Register with W

Syntax: [label] TRISf

Operands: 5<f<7

Operation: (W) - TRIS register f’

Status Affected: None

Description: Move data from W register to TRIS

register.

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