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PIC16F818/819

1.0 DEVICE OVERVIEW

This document contains device specific information for
the operation of the PIC16F818/819 devices. Additional
information may be found in the “PIC® Mid-Range MCU
Family Reference Manual” (DS33023) which may be
downloaded from the Microchip web site. The Reference
Manual should be considered a complementary docu-
ment to this data sheet and is highly recommended
reading for a better understanding of the device architec-
ture and operation of the peripheral modules.

The PIC16F818/819 belongs to the Mid-Range family
of the PIC® devices. The devices differ from each other
in the amount of Flash program memory, data memory
and data EEPROM (see Table 1-1). A block diagram of
the devices is shown in Figure 1-1. These devices con-
tain features that are new to the PIC16 product line:

« Internal RC oscillator with eight selectable
frequencies, including 31.25 kHz, 125 kHz,
250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz and
8 MHz. The INTRC can be configured as the
system clock via the configuration bits. Refer to
Section 4.5 “Internal Oscillator Block” and
Section 12.1 “Configuration Bits” for further
details.

e The Timerl module current consumption has
been greatly reduced from 20 pA (previous PIC16
devices) to 1.8 pA typical (32 kHz at 2V), which is
ideal for real-time clock applications. Refer to
Section 6.0 “Timer0 Module” for further details.

» The amount of oscillator selections has increased.
The RC and INTRC modes can be selected with
an 1/0 pin configured as an I/O or a clock output
(Fosc/4). An external clock can be configured
with an 1/O pin. Refer to Section 4.0 “Oscillator
Configurations” for further details.

TABLE 1-1: AVAILABLE MEMORY IN
PIC16F818/819 DEVICES
Device Program Data Data
Flash Memory EEPROM

PIC16F818 1K x 14 128x 8 128 x 8

Program Data Data
Flash Memory EEPROM

PIC16F819 2K x14 256 x 8 256 x 8

Device

There are 16 1/0O pins that are user configurable on a
pin-to-pin basis. Some pins are multiplexed with other
device functions. These functions include:

» External Interrupt

» Change on PORTB Interrupt

e Timer0 Clock Input

» Low-Power Timerl Clock/Oscillator

» Capture/Compare/PWM

» 10-bit, 5-channel Analog-to-Digital Converter

« SPII?C

« MCLR (RA5) can be configured as an Input

Table 1-2 details the pinout of the devices with
descriptions and details for each pin.

© 2001-2013 Microchip Technology Inc.
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PIC16F818/819

FIGURE 2-4: PIC16F819 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.(*)| 00h Indirect addr.(*)| 80h Indirect addr.(*)| 100h Indirect addr.(*)| 180h
TMRO O1h OPTION REG| 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 oDh PIE2 8Dh EEADR 10Dh EECON2 | 18Dh
TMRI1L OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh OSCCON | gFh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h OSCTUNE 90h 110h 190h
TMR2 11h 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
18h 98h
19h 99h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
ADRESH | 1Eh ADRESL 9Eh
ADCONO | 1Fh ADCON1 | 9Fh 11Fh 19Fh
20h ACh 120h 1A0h
General General
General Purpose Purpose
Purpose Register Register Accesses
Register 80 Bytes 80 Bytes 20h-7Eh
96 Bytes
EFh 16Fh
Accesses FOh Accesses 170h
7Fh 70n-7Fh | g 7Oh-7Fh | 47pn 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

[ Unimplemented data memory locations, read as ‘0.
* Not a physical register.

Note 1: These registers are reserved; maintain these registers clear.

DS39598F-page 12 © 2001-2013 Microchip Technology Inc.



PIC16F818/819

2.2.2 SPECIAL FUNCTION REGISTERS The Special Function Registers can be classified into

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is . .
given in Table 2-1. peripheral feature section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY

two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

Address|  Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\SEQBC(’D”R De;zgz:on
Bank 0

0oh® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 23
01h TMRO Timer0 Module Register xxxx xxxx | 53,17
02h® PCL Program Counter’s (PC) Least Significant Byte 0000 0000 23
03h® |STATUS IRP RP1 RPO TO PD z DC C 0001 1xxx 16
04h® FSR Indirect Data Memory Address Pointer XXXX XXXX 23
05h PORTA PORTA Data Latch when written; PORTA pins when read xxx0 0000 39
06h PORTB PORTB Data Latch when written; PORTB pins when read XXXX XXXX 43
07h — Unimplemented — —
08h — Unimplemented — —
09h — Unimplemented — —
0Ah%2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 23
0Bh® INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x 18
0Ch PIR1 — ADIF — — SSPIF CCP1IF TMR2IF TMRI1IF -0-- 0000 20
0Dh PIR2 — — — EEIF — — — — ---0 ---- 21
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 57
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 57
10h T1CON — | — | T1CKPS1 | T1CKPSO | T10SCEN | T1SYNC | TMR1CS | TMR1ION | --00 0000 57
11h TMR2 Timer2 Module Register 0000 0000 63
12h  |T2CON — [toutpss| Toutps2 | TouTPSL | TOUTPSO | TMR20N | T2CKPSL | T2CKPSO | -000 0000 | 64
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX Xxxx | 71,76
14h  |SSPCON weoL | sspov | ssPEN | ckp | sspm3 | sspm2 | sspmi | ssPMo | oooo ooco| 73
15h CCPR1L Capture/Compare/PWM Register (LSB) XXXX XXXX | 66, 67,68
16h CCPR1H Capture/Compare/PWM Register (MSB) XXXX XXXX | 66, 67,68
17h  |ccpicon — | — | ccpax | cepiy | cepims | ccpamz | ccpimi | ccpimo | --00 oocoo | 65
18h — Unimplemented = —
19h — Unimplemented = —
1Ah — Unimplemented = =
1Bh — Unimplemented = =
1Ch — Unimplemented = —
1Dh — Unimplemented = =
1Eh ADRESH A/D Result Register High Byte XXXK XXXX 81
1Fh ADCONO ADCS1 | ADCSO0 | CHS2 CHS1 CHSO GO/DONE — ADON 0000 00-0 81

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'.

© 2001-2013 Microchip Technology Inc.
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PIC16F818/819

45.3 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 4-2) controls several
aspects of the system clock’s operation.

The Internal Oscillator Select bits, IRCF2:IRCFO, select
the frequency output of the internal oscillator block that
is used to drive the system clock. The choices are the
INTRC source (31.25kHz), the INTOSC source
(8 MHz) or one of the six frequencies derived from the
INTOSC postscaler (125 kHz to 4 MHz). Changing the
configuration of these bits has an immediate change on
the multiplexor’s frequency output.

454 MODIFYING THE IRCF BITS

The IRCF bits can be modified at any time regardless of
which clock source is currently being used as the
system clock. The internal oscillator allows users to
change the frequency during run time. This is achieved
by modifying the IRCF bits in the OSCCON register.
The sequence of events that occur after the IRCF bits
are modified is dependent upon the initial value of the
IRCF bits before they are modified. If the INTRC
(31.25 kHz, IRCF<2:0> = 000) is running and the IRCF
bits are modified to any other value than ‘'000’, a 4 ms
(approx.) clock switch delay is turned on. Code execu-
tion continues at a higher than expected frequency
while the new frequency stabilizes. Time sensitive code
should wait for the IOFS bit in the OSCCON register to
become set before continuing. This bit can be
monitored to ensure that the frequency is stable before
using the system clock in time critical applications.

If the IRCF bits are modified while the internal oscillator
is running at any other frequency than INTRC
(31.25 kHz, IRCF<2:0> # 000), there is no need for a
4 ms (approx.) clock switch delay. The new INTOSC
frequency will be stable immediately after the eight
falling edges. The IOFS bit will remain set after clock
switching occurs.

Note:  Caution must be taken when modifying the
IRCF bits using BCF or BSF instructions. It
is possible to modify the IRCF bits to a
frequency that may be out of the VDD spec-
ification range; for example, Vbb = 2.0V

and IRCF = 111 (8 MHz).

455 CLOCK TRANSITION SEQUENCE
WHEN THE IRCF BITS ARE
MODIFIED

Following are three different sequences for switching
the internal RC oscillator frequency.

» Clock before switch: 31.25 kHz (IRCF<2:0> = 000)

1. IRCF bits are modified to an INTOSC/INTOSC
postscaler frequency.

2. The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO
is held low.

3. The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

4. The IOFS bitis clear to indicate that the clock is
unstable and a 4 ms (approx.) delay is started.
Time dependent code should wait for IOFS to
become set.

5. Switchover is complete.

* Clock before switch: One of INTOSC/INTOSC

postscaler (IRCF<2:0> # 000)

1. IRCF bits are modified to INTRC
(IRCF<2:0> = 000).

2. The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO
is held low.

3. The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

4. Oscillator switchover is complete.

* Clock before switch: One of INTOSC/INTOSC

postscaler (IRCF<2:0> # 000)

1. IRCF bits are modified to a different INTOSC/
INTOSC postscaler frequency.

2. The clock switching circuitry waits for a falling
edge of the current clock, at which point CLKO
is held low.

3. The clock switching circuitry then waits for eight
falling edges of requested clock, after which it
switches CLKO to this new clock source.

4. The IOFS bit is set.

5. Oscillator switchover is complete.

© 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.
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Note 1:

TABLE 5-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INT bit0 | TTL/STWY |Input/output pin or external interrupt input.
Internal software programmable weak pull-up.

RB1/SDI/SDA bit1 | TTL/ST® |Input/output pin, SPI data input pin or 12C™ data 1/O pin.
Internal software programmable weak pull-up.

RB2/SDO/CCP1 bit2 | TTL/ST® |Input/output pin, SPI data output pin or
Capture input/Compare output/PWM output pin.
Internal software programmable weak pull-up.

RB3/CCP1/PGME) bit 3 | TTL/ST® |Input/output pin, Capture input/Compare output/PWM output pin
or programming in LVP mode. Internal software programmable
weak pull-up.

RB4/SCK/SCL bit4 | TTL/ST®) Input/output pin or SPI and 1°C clock pin (with interrupt-on-change).
Internal software programmable weak pull-up.

RB5/SS bit 5 TTL Input/output pin or SPI slave select pin (with interrupt-on-change).
Internal software programmable weak pull-up.

RB6/T10OSO/T1CKl/ bit6 | TTL/ST@ |Input/output pin, Timerl oscillator output pin, Timerl clock input pin or

PGC serial programming clock (with interrupt-on-change).
Internal software programmable weak pull-up.

RB7/T10SI/PGD bit7 | TTL/ST@ |Input/output pin, Timerl oscillator input pin or serial programming data
(with interrupt-on-change).
Internal software programmable weak pull-up.

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

This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: Low-Voltage ICSP™ Programming (LVP) is enabled by default which disables the RB3 I/O function. LVP
must be disabled to enable RB3 as an I/O pin and allow maximum compatibility to the other 18-pin
mid-range devices.

4: This buffer is a Schmitt Trigger input when configured for CCP or SSP mode.
5:  This buffer is a Schmitt Trigger input when configured for SPI or 1°C mode.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
value on Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1l | BitO all other
POR, BOR
Resets
06h, 106h |PORTB RB7 RB6 RB5 RB4 | RB3 | RB2 | RB1 | RBO |[xxxx xxxXx| uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111} 1111 1111
81h, 181h |OPTION_REG| RBPU | INTEDG | Tocs | ToSE | PsA | Ps2 | ps1 | Pso [1111 1111 1111 1111
Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.

DS39598F-page 44
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FIGURE 5-13:

BLOCK DIAGRAM OF RB5 PIN
RBPU® VDD
Port/SSPEN | Weak
P Pull-up
Data B Data Latch
Wa:?a us D 0
1/0 pin®
PORTB CK_\_
TRIS Latch
D
WR Q
TRISB CK_
] g TTL
Input 7
RD TRISB Buffer
Latch
pd Q D
RD PORTB EN Q1
Set RBIF
From other (; Q D
RB7:RB4 pins RD PORTB
EN 03

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.
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6.0

TIMERO MODULE

The TimerO module timer/counter has the following
features:

8-bit timer/counter

Readable and writable

8-bit software programmable prescaler
Internal or external clock select
Interrupt-on-overflow from FFh to 00h
Edge select for external clock

Additional

information on the Timer0 module is

available in the “PIC® Mid-Range MCU Family Refer-
ence Manual” (DS33023).

Figure 6-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

6.1

Timer0

Timer0 Operation

operation is controlled through the

OPTION_REG register (see Register 2-2). Timer mode
is selected by clearing bit TOCS (OPTION_REG<5>).
In Timer mode, the Timer0 module will increment every
instruction cycle (without prescaler). If the TMRO regis-
ter is written, the increment is inhibited for the following
two instruction cycles. The user can work around this
by writing an adjusted value to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment either on every rising or falling edge of pin
RA4/AN4/TOCKI. The incrementing edge is determined
by the Timer0 Source Edge Select bit, TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the
rising edge. Restrictions on the external clock input are
discussed in detail in Section 6.3 “Using Timer0 with
an External Clock”.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The
prescaler is not readable or writable. Section 6.4
“Prescaler” details the operation of the prescaler.

6.2

The TMRO interrupt is generated when the TMRO
register overflows from FFh to 00h. This overflow sets
bit, TMROIF (INTCON<2>). The interrupt can be
masked by clearing bit, TMROIE (INTCON<5>). Bit
TMROIF must be cleared in software by the TimerO
module Interrupt Service Routine before re-enabling
this interrupt. The TMRO interrupt cannot awaken the
processor from Sleep since the timer is shut-off during
Sleep.

TimerO Interrupt

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKO (= Fosc/4)
Data Bus
Y 8
0 ’\lj' 1 %
X M Sync
1 0 U - 2 TMRO reg
RA4/AN4/TOCKI X Cycles
pin T
TOSE f
Tocs PSA Set Flag bit TMROIF
on Overflow
PRESCALER
r— - - - — — — — — — — q
0 | . |
F— — — — 7 M > 8-bit Prescaler
| WDT Timer | U | |
| 1| X | 8 |
|| 31.25kHz | |
| * | T | 8-to-1 MUX -<+—— PS2:PSO |
| WDT Enable bit | S -
[
ol T
MUX &—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

© 2001-2013 Microchip Technology Inc.
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6.3 Using Timer0 with an
External Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

6.4 Prescaler

There is only one prescaler available which is mutually
exclusively shared between the TimerO module and the
Watchdog Timer. A prescaler assignment for the

REGISTER 6-1:
R/W-1 R/W-1 R/W-1

Timer0 module means that there is no prescaler for the
Watchdog Timer and vice versa. This prescaler is not
readable or writable (see Figure 6-1).

The PSA and PS2:PS0O bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The
prescaler is not readable or writable.

Note:  Writing to TMRO when the prescaler is
assigned to TimerO will clear the prescaler
count but will not change the prescaler

assignment.

OPTION_REG: OPTION REGISTER (ADDRESS 81h, 181h)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDG

TOCS | TOSE | Psa

| ps2 | ps1 | Pso

bit 7

bit 0

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values

INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKO)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate
000
001
010
011
100
101
110
111

RPRRRRRRER
PRRPRRPRRPRPRER

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared

X = Bit is unknown

Note:  To avoid an unintended device Reset, the instruction sequence shown in the “PIC®
Mid-Range MCU Family Reference Manual” (DS33023) must be executed when
changing the prescaler assignment from Timer0 to the WDT. This sequence must

be followed even if the WDT is disabled.

DS39598F-page 54
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REGISTER 10-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: SYNCHRONOUS SERIAL PORT STATUS REGISTER (ADDRESS 94h)

RMW-0  R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE DIA P s rRw | ua | BF |
bit 7 bit 0

SMP: SPI Data Input Sample Phase bit
SP| Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time (Microwire)
SPI Slave mode:
This bit must be cleared when SPI is used in Slave mode.
12C mode:
This bit must be maintained clear.
CKE: SPI Clock Edge Select bit
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
Note: Polarity of clock state is set by the CKP bit (SSPCON<4>).
12C mode:
This bit must be maintained clear.
D/A: Data/Address bit (I2C mode only)
In 1°C Slave mode:
1 = Indicates that the last byte received was data
0 = Indicates that the last byte received was address
P: Stop bit) (12C mode only)
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
S: Start bit™M (12C mode only)
1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last
R/W: Read/Write Information bit (I2C mode only)
Holds the R/W bit information following the last address match and is only valid from address
match to the next Start bit, Stop bit or ACK bit.
1= Read
0 = Write
UA: Update Address bit (10-bit I°C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
BF: Buffer Full Status bit
Receive (SPI and I°C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty
Transmit (In I2C mode only):

1 = Transmit in progress, SSPBUF is full (8 bits)
0 = Transmit complete, SSPBUF is empty

Note 1: This bitis cleared when the SSP module is disabled (i.e., the SSPEN bit is cleared).

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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10.3.1 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISB<4,1> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
then load the SSPBUF register with the received value
currently in the SSPSR register.

Either or both of the following conditions will cause the
SSP module not to give this ACK pulse:

a) The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

b) The overflow bit, SSPOV (SSPCON<6>), was
set before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF but bit, SSPIF (PIR1<3>), is set.
Table 10-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF
register while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
12C specification, as well as the requirement of the SSP
module, are shown in timing parameter #100 and
parameter #101.

10.3.1.1  Addressing

Once the SSP module has been enabled, it waits for a
Start condition to occur. Following the Start condition,
the eight bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPOQV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The Buffer Full bit, BF, is set.

c) AnACK pulse is generated.

d) SSP Interrupt Flag bit, SSPIF (PIR1<3>), is set
(interrupt is generated if enabled) — on the falling
edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave device. The five Most Significant
bits (MSbs) of the first address byte specify if this is a
10-bit address. Bit R/W (SSPSTAT<2>) must specify a
write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘1111 0 A9 A8 0, where A9 and A8 are the
two MSbs of the address.

The sequence of events for 10-bit address is as
follows, with steps 7-9 for slave-transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit, SSPIF.

4. Receive second (low) byte of address (bits
SSPIF, BF and UA are set).

5. Update the SSPADD register with the first (high)
byte of address; if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit, SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit, SSPIF.

10.3.1.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
a no Acknowledge (ACK) pulse is given. An overflow
condition is indicated if either bit, BF (SSPSTAT<0>), is
set or bit, SSPOV (SSPCON<6>), is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit, SSPIF (PIR1<3>), must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

10.3.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RB4/SCK/SCL is held
low. 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 (SSPCON<4>). The master device must
monitor the SCL pin prior to asserting another clock
pulse. The slave devices may be holding off the master
device by stretching the clock. The eight data bits are
shifted out on the falling edge of the SCL input. This
ensures that the SDA signal is valid during the SCL
high time (Figure 10-7).
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12.2 Reset

The PIC16F818/819 differentiates between various
kinds of Reset:

« Power-on Reset (POR)

« MCLR Reset during normal operation

« MCLR Reset during Sleep

* WDT Reset during normal operation

« WDT wake-up during Sleep

« Brown-out Reset (BOR)

FIGURE 12-1:

Some registers are not affected in any Reset condition.
Their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR Reset during Sleep and Brown-
out Reset (BOR). They are not affected by a WDT
wake-up which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared
differently in different Reset situations as indicated in
Table 12-3. These bits are used in software to
determine the nature of the Reset. Upon a POR, BOR
or wake-up from Sleep, the CPU requires
approximately 5-10 us to become ready for code
execution. This delay runs in parallel with any other
timers. See Table 12-4 for a full description of Reset
states of all registers.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 12-1.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7

MCLR
Sleep
WDT
Module " ime-out
Reset
o VDD Rise

Power-on Reset

Detect
VDD
Brown-out
Reset
BOREN

OST/PWRT
OST

Chip_Reset

10-bit Ripple Counter @
OSC1

r’}a Q—

PWRT

INTRC <|> 10-bit Ripple Counter |7
31.25 kHz

Enable PWRT

Enable OST
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12.3 MCLR

PIC16F818/819 device has a noise filter in the MCLR
Reset path. The filter will detect and ignore small
pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

The behavior of the ESD protection on the MCLR pin
has been altered from previous devices of this family.
Voltages applied to the pin that exceed its specification
can result in both MCLR and excessive current beyond
the device specification during the ESD event. For this
reason, Microchip recommends that the MCLR pin no
longer be tied directly to VDD. The use of an
RC network, as shown in Figure 12-2, is suggested.

The RA5/MCLR/VPP pin can be configured for MCLR
(default) or as an 1/0O pin (RA5). This is configured
through the MCLRE bit in the Configuration Word
register.

FIGURE 12-2: RECOMMENDED MCLR

CIRCUIT

PIC16F818/819

R1
1 kQ (or greater)

[ e

C1
0.1 pF
(optional, not critical)

w8

12.4 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V-1.7V). To take
advantage of the POR, tie the MCLR pin to VDD as
described in Section 12.3 “MCLR”. A maximum rise
time for VDD is specified. See Section 15.0 “Electrical
Characteristics” for details.

When the device starts normal operation (exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in Reset until the operating conditions are
met. For more information, see Application Note
ANG607, “Power-up Trouble Shooting” (DS00607).

125 Power-up Timer (PWRT)

The Power-up Timer (PWRT) of the PIC16F818/819 is
a counter that uses the INTRC oscillator as the clock
input. This yields a count of 72 ms. While the PWRT is
counting, the device is held in Reset.

The power-up time delay depends on the INTRC and
will vary from chip-to-chip due to temperature and
process variation. See DC parameter #33 for details.

The PWRT is enabled by clearing configuration bit,
PWRTEN.

12.6 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycles (from OSC1 input) delay after the
PWRT delay is over (if enabled). This helps to ensure
that the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
Sleep.

12.7 Brown-out Reset (BOR)

The configuration bit, BOREN, can enable or disable
the Brown-out Reset circuit. If VDD falls below VBOR
(parameter #D005, about 4V) for longer than TBOR
(parameter #35, about 100 ps), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a Reset may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer (if enabled) will keep the device in
Reset for TPWRT (parameter #33, about 72 ms). If VDD
should fall below VBOR during TPWRT, the Brown-out
Reset process will restart when VDD rises above VBOR
with the Power-up Timer Reset. Unlike previous PIC16
devices, the PWRT is no longer automatically enabled
when the Brown-out Reset circuit is enabled. The
PWRTEN and BOREN configuration bits are
independent of each other.

12.8 Time-out Sequence

On power-up, the time-out sequence is as follows: the
PWRT delay starts (if enabled) when a POR occurs.
Then, OST starts counting 1024 oscillator cycles when
PWRT ends (LP, XT, HS). When the OST ends, the
device comes out of Reset.

If MCLR is kept low long enough, all delays will expire.
Bringing MCLR high will begin execution immediately.
This is useful for testing purposes or to synchronize
more than one PIC16F818/819 device operating in
parallel.

Table 12-3 shows the Reset conditions for the Status,
PCON and PC registers, while Table 12-4 shows the
Reset conditions for all the registers.
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12.18 Low-Voltage ICSP Programming

The LVP bit of the Configuration Word register enables
Low-Voltage ICSP Programming. This mode allows the
microcontroller to be programmed via ICSP using a
VDD source in the operating voltage range. This only
means that VPP does not have to be brought to VIHH but
can instead be left at the normal operating voltage. In
this mode, the RB3/PGM pin is dedicated to the
programming function and ceases to be a general
purpose I/O pin.

If Low-Voltage Programming mode is not used, the LVP
bit can be programmed to a ‘0’ and RB3/PGM becomes
a digital 1/0O pin. However, the LVP bit may only be
programmed when Programming mode is entered with
VIHH on MCLR. The LVP bit can only be changed when
using high voltage on MCLR.

It should be noted that once the LVP bit is programmed
to ‘0’, only the High-Voltage Programming mode is
available and only this mode can be used to program
the device.

When using Low-Voltage ICSP, the part must be
supplied at 4.5V to 5.5V if a bulk erase will be executed.
This includes reprogramming of the code-protect bits
from an ON state to an OFF state. For all other cases of
Low-Voltage ICSP, the part may be programmed at the
normal operating voltage. This means calibration values,
unique user IDs or user code can be reprogrammed or
added.

The following LVP steps assume the LVP bit is set in the
Configuration Word register.

1. Apply VDD to the VDD pin.

Drive MCLR low.

Apply VDD to the RB3/PGM pin.

Apply VDD to the MCLR pin.

Follow with the associated programming steps.

a s~ wbd

Note 1:

The High-Voltage Programming mode is
always available, regardless of the state
of the LVP bit, by applying VIHH to the
MCLR pin.

While in Low-Voltage ICSP mode
(LVP = 1), the RB3 pin can no longer be
used as a general purpose /O pin.

When using Low-Voltage ICSP Program-
ming (LVP) and the pull-ups on PORTB
are enabled, bit 3 in the TRISB register
must be cleared to disable the pull-up on
RB3 and ensure the proper operation of
the device.

RB3 should not be allowed to float if LVP
is enabled. An external pull-down device
should be used to default the device to
normal operating mode. If RB3 floats
high, the PIC16F818/819 device will
enter Programming mode.

LVP mode is enabled by default on all
devices shipped from Microchip. It can be
disabled by clearing the LVP bit in the
Configuration Word register.

Disabling LVP will provide maximum
compatibility to other PIC16CXXX
devices.
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RETFIE Return from Interrupt

Syntax: [label] RETFIE

Operands: None

Operation: TOS — PC,
1> GIE

Status Affected: None

RETLW Return with Literal in W

Syntax: [label] RETLW k

Operands: 0<k<255

Operation: k — (W);
TOS —» PC

Status Affected: None

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

RETURN Return from Subroutine

Syntax: [label] RETURN

Operands: None

Operation: TOS —» PC

Status Affected: None

Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.

RLF Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘f’ are
rotated one bit to the left through
the Carry flag. If ‘d’ = 0, the result
is placed in the W register. If
‘d’ = 1, the result is stored back in
register ‘f'.
RRF Rotate Right f through Carry
Syntax: [label] RRF f.d
Operands: 0<f<127
d e [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register ‘f’ are
rotated one bit to the right through
the Carry flag. If ‘d’ = 0, the result
is placed in the W register. If
‘d’ =1, the result is placed back in
register ‘f'.
(- Regsiert |~
SLEEP Enter Sleep mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1570,
0—>PD
Status Affected:  TO, PD
Description: The Power-Down status bit, PD,

is cleared. Time-out status bit,
TO, is set. Watchdog Timer and
its prescaler are cleared.

The processor is put into Sleep
mode with the oscillator stopped.
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TABLE 15-7:  1°C™ BUS START/STOP BITS REQUIREMENTS
Pzrgm Symbol Characteristic Min | Typ | Max | Units Conditions

90* Tsu:sTA | Start Condition 100 kHz mode |4700 | — | — ns |Only relevant for Repeated
Setup Time 400 kHzmode | 600 | — | — Start condition

91* THD:STA | Start Condition 100 kHz mode | 4000 | — | — ns |After this period, the first clock
Hold Time 400 kHzmode | 600 | — | — pulse is generated

92* Tsu:sTo | Stop Condition 100 kHz mode | 4700 | — | — ns
Setup Time 400 kHz mode 600 | — | —

93 THD:sTO | Stop Condition 100 kHz mode | 4000 | — | — ns
Hold Time 400 kHz mode 600 | — | —

* These parameters are characterized but not tested.

FIGURE 15-15: I2C™ BUS DATA TIMING
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Note: Refer to Figure 15-3 for load conditions.
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16.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum?” represents (mean + 3c) or (mean — 3c)

respectively, where c is a standard deviation, over the whole temperature range.

FIGURE 16-1:

TYPICAL Ipp vs. Fosc OVER VDD (HS MODE)
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FIGURE 16-2: MAXIMUM Ipbb vs. Fosc OVER Vbbb (HS MODE)
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18-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

http://www.microchip.com/packaging

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

e

oY

SILK
G <~ SCREEN
C
E | |« f
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 X 0.60
Contact Pad Length Y 2.00
Distance Between Pads Gx 0.67
Distance Between Pads G 7.40

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

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2051A
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NOTES:
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