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TO OUR VALUED CUSTOMERS

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

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

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

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

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

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

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\SEEBCS‘R De;:gz:"”
Bank 1
8oh® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 23
81h OPTION_REG RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 PSO 1111 1111 17,54
82h® PCL Program Counter’s (PC) Least Significant Byte 0000 0000 23
83h®  |STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx 16
84hM FSR Indirect Data Memory Address Pointer XXXX XXXX 23
85h TRISA TRISA7 | TRISA6 | TRISA5® |PORTA Data Direction Register (TRISA<4:0> 1111 1111 39
86h TRISB PORTB Data Direction Register 1111 1111 43
87h — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8Ah(L2) | PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 23
8Bh()  [INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF | 0000 000x 18
8Ch PIE1 — ADIE — — SSPIE CCP1IE | TMR2IE | TMRILIEE | -0-- 0000 19
8Dh PIE2 — — — EEIE — — — — e ---- 21
8Eh PCON = = = = = = POR BOR | ---- -- qq 22
8Fh OSCCON — IRCF2 IRCF1 IRCFO — IOFS — — -000 -0-- 38
90h® | OSCTUNE — — TUNS TUN4 TUN3 TUN2 TUNL TUNO | --00 0000 36
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 68
93h SSPADD Synchronous Serial Port (I2CTM mode) Address Register 0000 0000 71,76
94h SSPSTAT SMP | CKE | D/A P S RIW UA BF 0000 0000 72
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h — Unimplemented — —
9%h — Unimplemented — —
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh ADRESL A/D Result Register Low Byte XXXX XXXX 81
9Fh ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO 00-- 0000 82
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1:  These registers can be addressed from any bank.
2:  The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose contents are
transferred to the upper byte of the program counter.
3: Pin 5 is an input only; the state of the TRISAS5 bit has no effect and will always read ‘1’.

DS39598F-page 14
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FIGURE 4-2: CERAMIC RESONATOR
OPERATION (HS OR XT

OSC CONFIGURATION)

0scC1 PIC16F818/819

[
c|1<1>l
1 RES

= osc2 |

o [P] -]

c2m

Note 1: See Table 4-2 for typical values of C1 and C2.
2. A series resistor (RsS) may be required.

3: RFr varies with the resonator chosen (typically
between 2 MQ to 10 MQ).

TABLE 4-2: CERAMIC RESONATORS (FOR

DESIGN GUIDANCE ONLY)

Typical Capacitor Values Used:

Mode Freq 0OscC1 0osc2
XT 455 kHz 56 pF 56 pF
2.0 MHz 47 pF 47 pF

4.0 MHz 33 pF 33 pF

HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capacitors were tested with the resonators
listed below for basic start-up and operation. These
values were not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Note:  When using resonators with frequencies
above 3.5 MHz, the use of HS mode rather
than XT mode is recommended. HS mode
may be used at any VDD for which the
controller is rated. If HS is selected, it is
possible that the gain of the oscillator will
overdrive the resonator. Therefore, a
series resistor should be placed between
the OSC2 pin and the resonator. As a
good starting point, the recommended
value of Rs is 330Q.

4.3 External Clock Input

The ECIO Oscillator mode requires an external clock
source to be connected to the OSC1 pin. There is no
oscillator start-up time required after a Power-on Reset
or after an exit from Sleep mode.

In the ECIO Oscillator mode, the OSC2 pin becomes
an additional general purpose /O pin. The /O pin
becomes bit 6 of PORTA (RA6). Figure 4-3 shows the
pin connections for the ECIO Oscillator mode.

EXTERNAL CLOCK INPUT
OPERATION
(ECIO CONFIGURATION)

Clock from «Do—» OSC1/CLKI
Ext. System PIC16F818/819

RA6 -e«—»{ /O (OSC2)

FIGURE 4-3:

DS39598F-page 34
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5.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on I/O ports may be found in the
“PIC® Mid-Range MCU Family Reference Manual”
(DS33023).

5.1 PORTA and the TRISA Register

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISA bit (= 0)
will make the corresponding PORTA pin an output (i.e.,
put the contents of the output latch on the selected pin).

On a Power-on Reset, the pins
PORTA<4:0> are configured as analog
inputs and read as ‘0’.

Note:

Reading the PORTA register reads the status of the

Pin RA4 is multiplexed with the Timer0 module clock
input and with an analog input to become the RA4/AN4/
TOCKI pin. The RA4/AN4/TOCKI pin is a Schmitt
Trigger input and full CMOS output driver.

Pin RA5 is multiplexed with the Master Clear module
input. The RA5/MCLR/VPP pin is a Schmitt Trigger input.

Pin RA6 is multiplexed with the oscillator module input
and external oscillator output. Pin RA7 is multiplexed
with the oscillator module input and external oscillator
input. Pin RA6/0OSC2/CLKO and pin RA7/OSC1/CLKI
are Schmitt Trigger inputs and full CMOS output drivers.

Pins RA<1:0> are multiplexed with analog inputs. Pins
RA<3:2> are multiplexed with analog inputs and VREF
inputs. Pins RA<3:0> have TTL inputs and full CMOS
output drivers.

EXAMPLE 5-1: INITIALIZING PORTA
BANKSEL PORTA ; select bank of PORTA
CLRF PORTA ; Initialize PORTA by

; clearing output
; data latches
BANKSEL ADCON1 ; Select Bank of ADCON1

. i, M . MOVLW 0x06 ; Configure all pins
pins, Wherea§ writing to it will ertg to the port Iatch. All MOVWF ADCON1 ; as digital inputs
write operations are read-modify-write operations. MOVL 0XFF . Value used to
Therefore, a write to a port implies that the port pins are . initialize data
read, this value is modified and then written to the port . direction
data latch. MOVWF  TRISA ; Set RA<7:0> as inputs
TABLE 5-1: PORTA FUNCTIONS

Name Bit# Buffer Function

RAO/ANO bit 0 TTL Input/output or analog input.

RA1/AN1 bit 1 TTL Input/output or analog input.

RA2/AN2/VREF- bit 2 TTL Input/output, analog input or VREF-.

RA3/AN3/VREF+ bit 3 TTL Input/output, analog input or VREF+.

RA4/AN4/TOCKI bit 4 ST Input/output, analog input or external clock input for TimerO.

RA5/MCLR/VPP bit 5 ST Input, Master Clear (Reset) or programming voltage input.

RAB6/OSC2/CLKO | hit6 ST Input/output, connects to crystal or resonator, oscillator output or 1/4 the

frequency of OSC1 and denotes the instruction cycle in RC mode.

RA7/0SC1/CLKI | bit7 | ST/ICMOS® | Input/output, connects to crystal or resonator or oscillator input.

Legend: TTL =TTL input, ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Address | Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 P\g‘;{“‘eB%”R O\if]';e;ensz's
05h PORTA RA7 RA6 RA5 RA4 | RA3 RA2 RAL RAO | xxx0 0000 | uuu0 0000
85h TRISA TRISA7 | TRISA6 | TRISA5®) | PORTA Data Direction Register 1111 1111 | 1111 1111
9Fh ADCON1 | ADFM |ADCS2 | — — |Pcre3|PcFG2 | PCFGL [ PCFGO | 00-- 0000 | 00-- 0000
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.

Note 1: Pin5is an input only; the state of the TRISA5 bit has no effect and will always read ‘1'.

© 2001-2013 Microchip Technology Inc.
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FIGURE 5-5: BLOCK DIAGRAM OF RA5/MCLR/VpPpP PIN
MCLRE
MCLR Circuit J Schmitt Trigger
_ | Buffer
MCLR Filter N |
Data
Bus * [
RD TRIS Vss Schmitt Trigger RASIMCLR/VPP
Input Buffer

Q D ( \ Vss

EN
RD Port {>0 MCLRE

FIGURE 5-6: BLOCK DIAGRAM OF RA6/0SC2/CLKO PIN

From OSC1| oOscillator
CLKO (Fosc/4) Circuit

VDD VDD
=iDs E:lr
‘ X
RA6/0SC2/CLKO
(Fosc = 1x1) _j—{ N Vss

Data
Bus
b Q Vss VDD
WR —
Syt e
Data Latch
]
S Ee— =
WR —_— : N
TRISA —
CK™- Q (Fosc = 1x0, 011)
TRIS Latch
Vss
[
RD TRISA Schmitt Trigger
| Input Buffer
Q D 7 |

EN
RD PORTA {>O <‘ (Fosc = 1x0, 011)

Note 1: 1/O pins have protection diodes to VDD and Vss.
2: CLKO signal is 1/4 of the Fosc frequency.

© 2001-2013 Microchip Technology Inc. DS39598F-page 41
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FIGURE 5-12: BLOCK DIAGRAM OF RB4 PIN
Port/SSPEN
SCK/SCL )
0
[ VDD
RBPU® I
Weak
P Pull-up
VDD
SCL Drive ¢{>q
— P
Data Bus Data Latch
D Q '_&
\IQIORRTB cK — [N 1/0 pin®
TRIS Latch
D Q Vss
WR
TRISB CK\_
1 TTL
Input
RD TRISB BLFJ)ffeS7
Latch
pd! Q D
RD PORTB EN Q1
Set RBIF
From other [\L Q D
RB7:RB4 pins RD PORTB
EN @ Q3
SCK \
scL®

\

Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit.
3: The SCL Schmitt Trigger conforms to the [2c™ specification.

© 2001-2013 Microchip Technology Inc.
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7.6 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit, TLOSCEN (T1CON<3>). The
oscillator is a low-power oscillator, rated up to
32.768 kHz. It will continue to run during Sleep. It is
primarily intended for a 32 kHz crystal. The circuit for a
typical LP oscillator is shown in Figure 7-3. Table 7-1
shows the capacitor selection for the Timerl oscillator.

The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 Cc2
LP 32 kHz 33 pF 33 pF

Note:  The Timerl oscillator shares the T10SI
and T10SO pins with the PGD and PGC
pins used for programming and
debugging.

When using the Timer1 oscillator, In-Circuit
Serial Programming™ (ICSP™) may not
function correctly (high-voltage or low-
voltage) or the In-Circuit Debugger (ICD)
may not communicate with the controller.
As a result of using either ICSP or ICD, the
Timer1 crystal may be damaged.

If ICSP or ICD operations are required, the
crystal should be disconnected from the
circuit (disconnect either lead) or installed
after programming. The oscillator loading
capacitors may remain in-circuit during

Note 1: Microchip suggests this value as a starting
point in validating the oscillator circuit.

2: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Capacitor values are for design guidance

only.

ICSP or ICD operation.

FIGURE 7-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR
C1 PIC16F818/819
33 pF
f X T10SI
== XTAL
L 32.768 kHz
f X T10SO
c2
33 pF

Note: See the Notes with Table 7-1 for additional
information about capacitor selection.

7.7 Timerl Oscillator Layout
Considerations

The Timerl oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 7-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the oscilla-
tor, a grounded guard ring around the oscillator circuit,
as shown in Figure 7-4, may be helpful when used on
a single-sided PCB or in addition to a ground plane.
FIGURE 7-4. OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING

() Vss

——(O | osc1
41— J§ osc2

H—O N rB6

O Rss

DS39598F-page 60
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The maximum PWM resolution (bits) for a given PWM
frequency is given by the following formula.

EQUATION 9-3:
0SC
'OQ(F )
Resolution = its
Iog(2)
Note: If the PWM duty cycle value is longer than

the PWM period, the CCP1 pin will not be

9.3.3 SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the CCP module for PWM operation:

1. Setthe PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISB<x> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

clzEnza, 5. Configure the CCP1 module for PWM operation.
Note:  The TRISB bit (2 or 3) is dependant upon
the setting of configuration bit 12
(CCPMX).
TABLE 9-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz

Timer Prescaler (1, 4, 16) 16 4 1 1 1 1

PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 9-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2

. . . . . . . . Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
Resets

0Bh,8Bh |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF (0000 000x|0000 000u
10Bh,18Bh
0Ch PIR1 — ADIF — — SSPIF CCP1IF | TMR2IF | TMR1IF |-0-- 0000(-0-- 0000
8Ch PIE1 — ADIE — — SSPIE CCP1IE | TMR2IE | TMRI1IE |-0-- 0000|-0-- 0000
86h TRISB PORTB Data Direction Register 1111 1111{1111 1111
11h TMR2 Timer2 Module Register 0000 0000|0000 0000
92h PR2 Timer2 Module Period Register 1111 1111(1111 1111
12h T2CON — |TOUTPS3|TOUTPS2| TOUTPS1| TOUTPSO| TMR2ON| T2CKPS1| T2CKPSO0| -000 0000 -000 0000
15h CCPRI1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX|Uuuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX|Uuuuu uuuu
17h ccpicoN] — | — | ccpix | ccpiy | ccpims [ccPiM2 | coPIM1 [ CCPIMO [--00 0000[--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by PWM and Timer2.

© 2001-2013 Microchip Technology Inc.
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An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then

the data transfer is complete. When the ACK is latched
by the slave device, the slave logic is reset (resets
SSPSTAT register) and the slave device then monitors
for another occurrence of the Start bit. If the SDA line
was low (ACK), the transmit data must be loaded into
the SSPBUF register which also loads the SSPSR
register. Then pin RB4/SCK/SCL should be enabled by
setting bit, CKP.

TABLE 10-2: DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Data .
Transfer is Received | gspsR — SSPBUF | Generate ACK Pulse _ Setbit SSPIF
(SSP interrupt occurs if enabled)

BF SSPOV
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

Note 1: Shaded cells show the conditions where the user software did not properly clear the overflow condition.

FIGURE 10-6:

I2C™ WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address R/W = 0 1+~

Receiving Data

ACK Receiving Data ACK

| | '
scL 's! | A /P!
- [ : ?
SSPIF (PIR1<3>) ! <—Cleared in software ' | I Bus master
! ! I terminates
I ! | transfer
BF (SSPSTAT<0>) '—|<—SSPBUF register is read | I
I
I
SSPOV (SSPCON<6>) I_
Bit SSPOV is set because the SSPBUF register is still full A
ACK is not sent
FIGURE 10-7: 12C™ WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
Receiving Address RIW = :L Transmitting Data ACK - --
SDA /AT X A6 X A5 X A4 A3 X A2 XAL) D7X D6 X D5 X D4 X D3 X D2 X D1 X DO ) :

SCL

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

SCL held low

. +_while CPU_}
Sampled .responds to SSPIF|

Cleared in software

CKP (SSPCON<4>)

L N

}From SSP Interrupt
SSPBUF is written in software | Service Routlne

?— Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)

DS39598F-page 78
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12.0 SPECIAL FEATURES OF
THE CPU

These devices have a host of features intended to
maximize system reliability, minimize cost through elimi-
nation of external components, provide power-saving
operating modes and offer code protection:
* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
* Interrupts
» Watchdog Timer (WDT)
» Sleep
» Code Protection
 ID Locations
« In-Circuit Serial Programming

There are two timers that offer necessary delays on
power-up. One is the Oscillator Start-up Timer (OST),
intended to keep the chip in Reset until the crystal oscil-
lator is stable. The other is the Power-up Timer (PWRT)
which provides a fixed delay of 72 ms (nominal) on
power-up only. It is designed to keep the part in Reset
while the power supply stabilizes and is enabled or
disabled using a configuration bit. With these two
timers on-chip, most applications need no external
Reset circuitry.

Sleep mode is designed to offer a very low-current
power-down mode. The user can wake-up from Sleep
through external Reset, Watchdog Timer wake-up or
through an interrupt.

Several oscillator options are also made available to
allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. Configuration bits are used to select the
desired oscillator mode.

Additional information on special features is available
in the “PIC® Mid-Range MCU Family Reference Man-
ual” (DS33023).

12.1  Configuration Bits

The configuration bits can be programmed (read as
‘0"), or left unprogrammed (read as ‘1’), to select
various device configurations. These bits are mapped
in program memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space which can be accessed
only during programming.

© 2001-2013 Microchip Technology Inc.
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TABLE 12-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS
Register Power-on Reset, MCLR Reset, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
wW XXXX XXXX uuuu uuuu uuuu uuuu
INDF N/A N/A N/A
TMRO XXXX XXXX uuuu uuuu uuuu uuuu
PCL 0000h 0000h PC +1@
STATUS 0001 1xxx 000qg quuu(3) uuug quuu(3)
FSR KXXX XXXX uuuu uuuu uuuu uuuu
PORTA xxx0 0000 uuul0 0000 uuuu uuuu
PORTB KXXX XXXX uuuu uuuu uuuu uuuu
PCLATH ---0 0000 ---0 0000 ---u uuuu
INTCON 0000 000x 0000 000u uuuu uuuu®
PIR1 -0-- 0000 -0-- 0000 ~u-- uuuut
PIR2 -0 ---- -—-0 ---- E——
TMRI1L KXXX XXXX uuuu uuuu uuuu uuuu
TMR1H XKXXX XXXX uuuu uuuu uuuu uuuu
T1CON --00 0000 --uu uuuu --uu uuuu
TMR2 0000 0000 0000 0000 uuuu uuuu
T2CON -000 0000 -000 0000 -uuu uuuu
SSPBUF XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 0000 0000 0000 0000 uuuu uuuu
CCPR1L XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON --00 0000 --00 0000 --uu uuuu
ADRESH XKXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 1111 1111 1111 1111 uuuu uuuu
TRISA 1111 1111 1111 1111 uuuu uuuu
TRISB 1111 1111 1111 1111 uuuu uuuu
PIE1 -0-- 0000 -0-- 0000 -u-- uuuu
PIE2 ---0 ---- ---0 ---- ---u ----
PCON ---- --gq ---- --uu ---- --uu
OSCCON -000 -0-- -000 -0-- -uuu -u--
OSCTUNE --00 0000 --00 0000 --uu uuuu
PR2 1111 1111 1111 1111 1111 1111
SSPADD 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 0000 0000 0000 0000 uuuu uuuu
ADRESL KXXX XXXX uuuu uuuu uuuu uuuu
ADCON1 00-- 0000 00-- 0000 uu-- uuuu
EEDATA XXXX XXXX uuuu uuuu uuuu uuuu
EEADR XXXX XXXX uuuu uuuu uuuu uuuu
EEDATH --XX XXXX --uu uuuu --uu uuuu
EEADRH ---- -XXX ---- -uuu ---- -uuu
EECON1 x--x x000 u--x u000 u--u uuuu
EECON2 ———— - ———m - ———m -
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition,

r = reserved, maintain clear

Note 1: One or more bits in INTCON, PIR1 and PR2 will be affected (to cause wake-up).

2:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
3: See Table 12-3 for Reset value for specific conditions.
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12.13 Power-Down Mode (Sleep)

Power-Down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (Status<3>) is cleared, the
TO (Status<4>) bit is set and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low or high-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are high-impedance inputs, high or low externally,
to avoid switching currents caused by floating inputs.
The TOCKI input should also be at VDD or Vss for
lowest current consumption. The contribution from
on-chip pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (VIHMC).

12.13.1 WAKE-UP FROM SLEEP

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

following events:

1. External Reset input on MCLR pin.

2. Watchdog Timer wake-up (f WDT was
enabled).

3. Interrupt from INT pin, RB port change or a
peripheral interrupt.

External MCLR Reset will cause a device Reset. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the Status register can be used to determine the

cause of the device Reset. The PD bit, which is set on

power-up, is cleared when Sleep is invoked. The TO bit

is cleared if a WDT time-out occurred and caused

wake-up.

The following peripheral interrupts can wake the device

from Sleep:

1. TMR1interrupt. Timerl must be operating as an
asynchronous counter.

2. CCP Capture mode interrupt.

Special event trigger (Timerl in Asynchronous
mode using an external clock).

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in Slave mode (SPI/I2C).
A/D conversion (when A/D clock source is RC).
EEPROM write operation completion.

w

N o gk

Other peripherals cannot generate interrupts since
during Sleep, no on-chip clocks are present.

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 set (enabled). Wake-up
occurs regardless of the state of the GIE bit. If the GIE
bit is clear (disabled), the device continues execution at
the instruction after the SLEEP instruction. If the GIE bit
is set (enabled), the device executes the instruction
after the SLEEP instruction and then branches to the
interrupt address (0004h). In cases where the
execution of the instruction following SLEEP is not
desirable, the user should have a NOP after the SLEEP
instruction.

12.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will
complete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bit will not be cleared.

« If the interrupt occurs during or after the
execution of a SLEEP instruction, the device will
immediately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruction
should be executed before a SLEEP instruction.

© 2001-2013 Microchip Technology Inc.
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TABLE 13-2: PIC16F818/819 INSTRUCTION SET
Mnemonic, Description Cycles 1481t Opcode Status Notes
Operands MShb LSb | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d |Add W and f 1 00 0111 dfff £fff |C,DC,Z 1,2
ANDWF f,d | AND W with f 1 00 0101 dfff ffff |(Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff (Z 2
CLRW - Clear W 1 00 0001 O0Oxxx XXxX |Z
COMF f,d | Complement f 1 00 1001 dfff ffff |Z 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff (Z 1,2
DECFSzZ f,d | Decrement f, Skip if O 1(2) 00 1011 dfff f£fff 1,2,3
INCF f,d |Incrementf 1 00 1010 dfff ffff |Z 1,2
INCFSZ f,d |Increment f, Skip if O 1(2) 00 1111 dfff £fff 1,2,3
IORWF f,d |Inclusive OR W with f 1 00 0100 dfff ffff |(Z 1,2
MOVF f,d |Movef 1 00 1000 dfff ffff |Z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff (C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff (C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff |C,DC,Z 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff ffff (Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 0l 01lbb bfff ffff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2) 01 10bb bfff £fff 3
BTFSS f,b | Bit Test f, Skip if Set 1(2) 01  11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk | Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk |
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 | TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk | Z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01lxx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000 |
SLEEP - Go into Standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk | C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk | Z
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value
present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an
external device, the data will be written back with a ‘0’.
2:  Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerO module.
3:  If the Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
Note:  Additional information on the mid-range instruction set is available in the “PIC® Mid-Range MCU Family

Reference Manual” (DS33023).
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14.11 PICkit 2 Development
Programmer/Debugger and
PICKit 2 Debug Express

The PICkit™ 2 Development Programmer/Debugger is
a low-cost development tool with an easy to use inter-
face for programming and debugging Microchip’s Flash
families of microcontrollers. The full featured
Windows® programming interface supports baseline
(PIC10F,  PIC12F5xx, PIC16F5xx), midrange
(PIC12F6xx, PIC16F), PIC18F, PIC24, dsPIC30,
dsPIC33, and PIC32 families of 8-bit, 16-bit, and 32-bit
microcontrollers, and many Microchip Serial EEPROM
products. With Microchip’s powerful MPLAB Integrated
Development Environment (IDE) the PICkit™ 2
enables in-circuit debugging on most PIC® microcon-
trollers. In-Circuit-Debugging runs, halts and single
steps the program while the PIC microcontroller is
embedded in the application. When halted at a break-
point, the file registers can be examined and modified.

The PICkit 2 Debug Express include the PICkit 2, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

14.12 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an MMC card for file
storage and data applications.

14.13 Demonstration/Development
Boards, Evaluation Kits, and
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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15.2 DC Characteristics: Power-Down and Supply Current
PIC16F818/819 (Industrial, Extended)
PIC16LF818/819 (Industrial) (Continued)
PIC16LF818/819 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial

PIC16F818/819
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Pa;\:sm Device Typ Max | Units Conditions

D022 Module Differential Currents (AIWDT, AIBOR, AlLVD, AlOSCB, AlAD)

(AwoT) Watchdog Timer| 1.5 | 38 | pA -40°C

2.2 3.8 pA +25°C VDD = 2.0V
2.7 4.0 pA +85°C
2.3 4.6 pA -40°C
2.7 4.6 pA +25°C VDD = 3.0V
31 4.8 pA +85°C
3.0 10.0 pA -40°C
33 10.0 pA +25°C
VDD = 5.0V
3.9 13.0 pA +85°C
Extended Devices| 5.0 | 21.0 | pA +125°C

D022A Brown-out Reset| 40 60 HA -40°C to +85°C VDD = 5.0V

(AIBOR)

D025 Timerl Oscillator| 1.7 2.3 HA -40°C

(Aloscs) 18 | 23 | uA +25°C VDD = 2.0V

2.0 2.3 pA +85°C
2.2 3.8 pA -40°C
2.6 3.8 HA +25°C VDD = 3.0V 32 kHz on Timerl
2.9 3.8 pA +85°C
3.0 6.0 pA -40°C
3.2 6.0 pA +25°C VDD = 5.0V
34 7.0 pA +85°C
D026 A/D Converter| 0.001 | 2.0 pA | -40°C to +85°C VDD = 2.0V
(Alap) 0.001| 20 | wA |-40°Cto+85°C | VDD =3.0V _
A/D on, Sleep, not converting
0.003 | 2.0 pA | -40°C to +85°C
- VoD = 5.0V
Extended Devices| 4.0 8.0 pA  |-40°C to +125°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
current disabled (such as WDT, Timerl Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.
3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated

by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
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TABLE 15-6: SPI MODE REQUIREMENTS

PEr:m Symbol Characteristic Min Typt | Max | Units | Conditions
70* TssL2scH, |SS 4 to SCK{ or SCK T Input Tey — | — | ns
TssL2scL
71* TscH SCK Input High Time (Slave mode) Tcy + 20 — — ns
72* TscL SCK Input Low Time (Slave mode) Tcy + 20 — — ns
73* TpIV2scH, |Setup Time of SDI Data Input to SCK Edge 100 — — ns
TpIV2scL
74* TscH2DIL, Hold Time of SDI Data Input to SCK Edge 100 — — ns
TscL2pIlL
75* TDOR SDO Data Output Rise Time PIC16F818/819 — 10 25 ns
PIC16LF818/819 — 25 50 ns
76* TDoF SDO Data Output Fall Time — 10 25 ns
77* TssH2poZ |SS 1 to SDO Output High-Impedance 10 — | 50 | ns
78* TscR SCK Output Rise Time PIC16F818/819 — 10 25 ns
(Master mode) PIC16LF818/819 — 25 50 ns
79* TscF SCK Output Fall Time (Master mode) — 10 25 ns
80* TscH2poV, |SDO Data Output Valid after SCK  |PIC16F818/819 — — 50 ns
TscL2poV  |Edge PIC16LF818/819 — — | 145 ns
81* TboV2scH, |SDO Data Output Setup to SCK Edge Tey — — ns
TboV2scL
82* TssL2poV | SDO Data Output Valid after SS 4 Edge — — | 50 | ns
83+ TscH2ssH, |SS 7T after SCK Edge 15Tcy+40 | — | — | ns
TscL2ssH

*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

FIGURE 15-14: I2C™ BUS START/STOP BITS TIMING
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Note: Refer to Figure 15-3 for load conditions.
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

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

S —— EXPOSED
\ PAD
|
|
| :
B V7777 £2
007
v /] 2
A 2
L/ // X
v /Xé
\ N
NOTE 1
TOP VIEW BOTTOM VIEW

!
:D—D—D—D—D—D—D—JA

b o

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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TMROIE Bit ..ot 18
Internal Oscillator BIOCK ........ccccooviiiiiiiiiiiiciciccecs 35

INTRC MOUES ....oeeiiiiericiieeeee e 35
Internet AdAress ........c.cooveeiieiiiiiiesee e 173
Interrupt Sources ............. ... 89,96

RBO/INT Pin, External ..........ccccoveiiiiiiiiiiiiiiiien, 97

TMRO OVErfloW ....ccvveiiiiiiiiiiieiiiec e 97
Interrupts

RB7:RB4 Port Change .........ccccocveeeviieeiiieeeeiieee e 43

Synchronous Serial Port Interrupt ..........c.cccooceeeveeene. 20
Interrupts, Context Saving DUriNg .........ccoccvveviiiiiiniienies 97
Interrupts, Enable Bits

Global Interrupt Enable (GIE Bit) .......cccccoevvriiiininennn. 96

Interrupt-on-Change (RB7:RB4) Enable

(RBIE Bit) covvieeieiieeieeeece e 97

RBO/INT Enable (INTE Bit) ....ccccocveviiiniieiieeiie e, 18

TMRO Overflow Enable (TMROIE Bit) ........cccccovevvenns 18
Interrupts, Enable bits

Global Interrupt Enable (GIE Bit) .......cccccoeeirivirninennn. 18

Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4) Flag

(RBIF BIt) weeeiiiieieiiceiie et 18, 97
RBO/INT Flag (INTF Bit) ..cccoooiiiiiieiiieiecciieeeeeee 18
TMRO Overflow Flag (TMROIF Bit) .......ocovivveriieennnes 97
INTRC Modes
AdJUSTMENT ..o 36
L
Loading Of PC ....oooiiiiie e 23
Low-Voltage ICSP Programming ........cccccoeereveeenineeennnn. 102
M
Master Clear (MCLR)
MCLR Reset, Normal Operation .................... 91,93, 94
MCLR Reset, SIEEP ...cevvevvieiiiieciieeeiieeee 91,93,94
Operation and ESD Protection ..........ccccceeveeriennneene. 92
Memory Organization ............ccceeieeiiieiieeieeneceeceee e 9
Data MEMOIY ....ooviiiiiiiiiiieee e 10
Program MemoOry ........cccccccoiiiiiiiiiiiie e 9
Microchip Internet Web Site ........cccooeviviiiiiciciinieceen, 173
MPLAB ASM30 Assembler, Linker, Librarian .................. 112
MPLAB Integrated Development
Environment Software ... 111
MPLAB PM3 Device Programmer .........ccccoveevveeesnieennnes 114
MPLAB REAL ICE In-Circuit Emulator System ................ 113
MPLINK Object Linker/MPLIB Object Librarian ............... 112
0]
Opcode Field DeSCrPtioNS ........coccveeirieeriiiee e 103
OPTION_REG REQISIEr ....oviiiiiiiieiiiieeiiee e 15
INTEDG Bit ..ooveeiiieiieciteiceee e 17,54
PS2:PSO BitS ....oooiiiiiiiiiiiiic e 17
PSABIt .ot 17
RBPU Bit .. ... 17,54
TOCS Bl ittt 17
TOSE Bit . 17
Oscillator Configuration ............ccecveeeiveriiiniienie e 33
ECIO oo 33

Oscillator Control REGISEr ........ccccvveviiiiiiiieieseee e
Modifying IRCF Bits ........ccooevvenns
Clock Transition Sequence ...

Oscillator Start-up Timer (OST) ............ .
OSCIllator, WDT ...cocuiiiiiieiieiiie ettt

P

Packaging Information ...........c.ccoceeiiiiiiniiencici e 155
Marking

PCFGO Bit ....

PCFG1 Bit ....

PCFG2 Bit ....ooiiiiiiiiiiiii s

PCFG3 Bil ....oiiiiiiiiiiiiii s

PCL Register

PCLATH Register ........cccoeviiiiiiiiiiiiiiiii 13, 14,15, 23

PCON REQISIEN oottt 93
POR Bl 1oovvoieveieieceeee e 22

Pinout Descriptions
PICL6F818/819 ......cceciiiiiiiiiiiiiiicic e 7

Pointer, FSR ..o 23

POP 23

POR. See Power-on Reset.

PORTA e e
Associated Register Summary
Functions ........ccccceeeiiiininnne
PORTA REJISEN ...ooviiiiiiiiiiiciieiceie e
TRISA REQISIET ...vviiiiiiiiiiiie et

PORTA REQISLEN ....eviiiiiiiie ettt

PORTB .ottt e
Associated Register Summary
FUNCLIONS ..o
PORTB Register ..............
Pull-up Enable (RBPU Bit) ..................
RBO/INT Edge Select (INTEDG Bit) ... .
RBO/INT Pin, EXternal ........cccocceevviiiienieciiciieeiee e 97
RB7:RB4 Interrupt-on-Change .........ccccocevvvcveerinnenn. 97
RB7:RB4 Interrupt-on-Change Enable

(RBIE BIL) .eiieieeie et 97
RB7:RB4 Interrupt-on-Change Flag

(RBIF Bit) .....
TRISB Register ....

PORTB REQISLEN .....vviiiiiiieeriee et

Postscaler, WDT
Assignment (PSA Bit) .....ccocoviiiiiiiiiniiie e 17
Rate Select (PS2:PS0 BitS) ......ccccovveveriiiiiiieieiieenn 17

Power-Down Mode. See Sleep.

Power-on Reset (POR) ..o
POR Status (POR Bit) ..................
Power Control (PCON) Register ...
Power-Down (PD Bit) ..........ccc.......
Time-out (TO Bit) .oeovveeiieiiiiiceee e

Power-up Timer (PWRT) ..oooovieiiiiieecee e

PR2 REQISIET ...eeiiiiiiiitie ittt

Prescaler, TimerO
Assignment (PSA Bit) ....occoevviieeeiiieceeeee e
Rate Select (PS2:PSO0 Bits)

Program Counter
Reset Conditions .........cccccoiiiieiiiiiiiii e, 93
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TIMEIL oo 57
Associated RegiSters ........ccccovviiiiiiieiiiiciieeieceieens 62
Capacitor SEleCtion ..........ccoccveviiiiie e 60
Counter Operation .. ....58
OPEratioN ...c.evveiieiieiiccie e ....57
Operation in Asynchronous Counter Mode ... ....59
Operation in Synchronized Counter Mode ................. 58
Operation in Timer Mode ..........ccccevvveveiinnienieesieeee. 58
OSCIlIALOr ....vieeieee et 60
Oscillator Layout Considerations ..........cccccceeeviveeennnes 60
Prescaler ... 61
Resetting Register Pair (TMR1H, TMRLL) ................. 61
Resetting Using a CCP Trigger Output ...... ...61

TMRIH oo ....59
TMRIL oo ....59
Use as a Real-Time ClocK ........ccccociiiieniiiiiiiiieee. 61
THMEI2 ottt et 63
Associated REJISIErS ......ccceevvvviiiiieeiieee e 64
OUPUL oo 63
Postscaler ... ....63
Prescaler ........cccccocvveenns ... 63
Prescaler and Postscaler ............ccocvveiieniiiniiinnieenene. 63
Timing Diagrams
A/D CONVEISION ...evviiiiiieeiiie ettt 140
Brown-out RESEt .......c.eeviiiiiiiiiiiii e 131
Capture/Compare/PWM (CCP1) ......cccocvvviiriieninens 133
CLKO @nd /O ..o 130
External ClocK ..........cooiiiiiiiiiiie e 129
12C BUS DA ....vvovveeeveees e 137
12C BUS Start/Stop BitS ..........cc.coeevevevereerirerereneens 136
12C Reception (7-Bit AAAress) .........coccoevvevreeeereennn. 78
I2C Transmission (7-Bit ADdress) .......cccoceeecvierieennene 78
PWM OULIPUL .o 68
Reset, Watchdog Timer, Oscillator Start-up
Timer and Power-up Timer ........ccccoevvnieeninens 131

Slow Rise Time (MCLR Tied to Vdd
Through RC Network)

SPI Master Mode .........ccccccecviriunennnn.
SPI Master Mode (CKE =0, SMP =0) ......cccvruenen. 134
SPI Master Mode (CKE =1, SMP = 1) ......ccoccvvuene 134
SPI Slave Mode (CKE = 0) ......ccoocvevieenienineenne, 75,135
SPI Slave Mode (CKE = 1) ..oooeiiiviieiiccienieenen 75,135
Time-out Sequence on Power-up (MCLR
Tied to Vdd Through Pull-up Resistor) ............... 95
Time-out Sequence on Power-up (MCLR
Tied to Vdd Through RC Network): Case 1 ....... 95
Time-out Sequence on Power-up (MCLR
Tied to Vdd Through RC Network): Case 2 ....... 95
Timer0 and Timerl External Clock ..........cccecvenen. 132
Timerl Incrementing EAge .........cocevieiiiiiiiciicines 58
Wake-up from Sleep through Interrupt ..................... 100
Timing Parameter Symbology ...........cccecvveviiiniiiiiinnies 128
Timing Requirements
External ClOCK .........cccoooiiiiiiiiiiiiic 129
TMRO REJISIEN ...ttt 15
TMRICS Bl eecvveiviiiieiieeeie et 57
TMRIH REJISIEr ...eviiiiiiieitiei e 13
TMRIL REQISLEN ...eeeieiieeeie e 13
TMR1ON Bit ........ ... 57
TMR2 Register . .13
TMR20ON Bit ..... ....64
TOUTPSO0 Bt .eeeveiiiiiieeeie et 64
TOUTPSL Bil c.ooeiieeeiieeceie e 64
TOUTPS2 Bil ..oeevieciieecie e 64
TOUTPS3 Bl .ottt 64

TRISA REGISLET ..ot 14
TRISB REGISLET ....oeiiiiiieiieiiit e 14,15
\%
VA PN e 8
VSS PN oo 8
W
Wake-up from SIEep ......cocevviiiiiiiiiiie e 89, 99
INEEITUPLS ..o 93,94
MCLR RESEL ..., 94
WDT RESEL ..o 94
Wake-up Using INTEITUPLS .......occvveiiiiiiiiiieiiiccie e 99
Watchdog Timer (WDT) ...ccvveiiiiieniieieeeie e 89, 98
Associated RegiSters ........ccccvviiiiiiiieiieeiieeieenies 98
Enable (WDTEN Bit)
INTRC OSCillator ..........cccooiiiiiiiiiiiic i,
Postscaler. See Postscaler, WDT.
Programming Considerations ...........c.cccoveveecvieneennen. 98
Time-out Period .........ccccccoeiiiiiiiiiiis 98
WDT Reset, Normal Operation ............c.c.c...... 91, 93,94
WDT Reset, SIEEP ...cccveiiiiiieiiiiiesie e 91,94
WDT WaKE-UP ...evviiiiiieiiiiie et 93
WCOL ittt e 73
Write Collision Detect Bit, WCOL . 13
WWW AAIreSS .....coviiiiiiiiiiiiici s 173

WWW, ON-LiNe SUPPOTIE ....coviiiiieiieiiieiie s 3
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:  Technical Publications Manager Total Pages Sent

RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16F818/819 Literature Number: DS39598F

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

DS39598F-page 174 © 2001-2013 Microchip Technology Inc.



