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PIC16F818/819

FIGURE 1-1: PIC16F818/819 BLOCK DIAGRAM
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Note 1: Higher order bits are from the Status register.

DS39598F-page 6 © 2001-2013 Microchip Technology Inc.



PIC16F818/819

TABLE 1-2: PIC16F818/819 PINOUT DESCRIPTIONS
PDIP/
Pin Name SOIC SSOP Q.FN vo/p Buffer Description
. Pin# | Pin# | Type Type
Pin#
PORTA is a bidirectional I/O port.
RAO/ANO 17 19 23
RAO /0 TTL Bidirectional 1/0O pin.
ANO I Analog Analog input channel 0.
RA1/AN1 18 20 24
RA1 /0 TTL Bidirectional 1/O pin.
AN1 I Analog Analog input channel 1.
RA2/AN2/VREF- 1 1 26

RA2 /0 TTL Bidirectional 1/O pin.

AN2 I Analog Analog input channel 2.

VREF- I Analog A/D reference voltage (low) input.

RA3/AN3/VREF+ 2 2 27

RA3 /0 TTL Bidirectional 1/0O pin.

AN3 I Analog Analog input channel 3.

VREF+ I Analog A/D reference voltage (high) input.

RA4/AN4/TOCKI 3 3 28

RA4 /0 ST Bidirectional 1/O pin.

AN4 I Analog Analog input channel 4.

TOCKI I ST Clock input to the TMRO timer/counter.

RA5/MCLR/VPP 4 4 1

RA5 I ST Input pin.

MCLR I ST Master Clear (Reset). Input/programming
voltage input. This pin is an active-low Reset
to the device.

VPP P - Programming threshold voltage.

RA6/0SC2/CLKO 15 17 20

RAG6 /0 ST Bidirectional 1/0O pin.

0OscC2 (0] - Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (0] - In RC mode, this pin outputs CLKO signal
which has 1/4 the frequency of OSC1 and
denotes the instruction cycle rate.

RA7/0OSC1/CLKI 16 18 21

RA7 /0 ST Bidirectional 1/O pin.

osci1 I |sT/IcMOS®|  Oscillator crystal input.

CLKI I - External clock source input.

Legend: | = Input O = Output /0 = Input/Output P = Power
— = Not used TTL = TTL Input ST = Schmitt Trigger Input
Note 1: 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: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2001-2013 Microchip Technology Inc.
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PIC16F818/819

2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F818/819.
These are the program memory and the data memory.
Each block has its own bus, so access to each block
can occur during the same oscillator cycle.

The data memory can be further broken down into the
general purpose RAM and the Special Function
Registers (SFRs). The operation of the SFRs that
control the “core” are described here. The SFRs used
to control the peripheral modules are described in the
section discussing each individual peripheral module.

The data memory area also contains the data
EEPROM memory. This memory is not directly mapped
into the data memory but is indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory to read/write. The PIC16F818
device’s 128 bytes of data EEPROM memory have the
address range of 00h-7Fh and the PIC16F819 device’s
256 bytes of data EEPROM memory have the address
range of 00h-FFh. More details on the EEPROM
memory can be found in Section 3.0 “Data EEPROM
and Flash Program Memory”.

Additional information on device memory may be found
in the *“PIC® Mid-Range Reference Manual’
(DS33023).

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC16F818
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0400h
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0000h-03FFh

1FFFh

2.1 Program Memory Organization

The PIC16F818/819 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. For the PIC16F818, the first 1K x 14
(0000h-03FFh) is physically implemented (see
Figure 2-1). For the PIC16F819, the first 2K x 14 is
located at 0000h-07FFh (see Figure 2-2). Accessing a
location above the physically implemented address will
cause a wraparound. For example, the same instruc-
tion will be accessed at locations 020h, 420h, 820h,
C20h, 1020h, 1420h, 1820h and 1C20h.

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-2: PROGRAM MEMORY MAP
AND STACK FOR
PIC16F819
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2

Stack Level 8

Reset Vector 0000h
: <:#::::
L]
Interrupt Vector 0004h
On-Chip 0005h
Program
Memory Page 0
07FFh
0800h
Wraps to

0000h-07FFh

1FFFh
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FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR Register 0
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w > </

» 00 01 10 11
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A

Data
Memory®

7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

Note 1: For register file map detail, see Figure 2-3 or Figure 2-4.
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3.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The data EEPROM and Flash program memory are
readable and writable during normal operation (over
the full VDD range). This memory is not directly mapped
in the register file space. Instead, it is indirectly
addressed through the Special Function Registers.
There are six SFRs used to read and write this
memory:

+ EECON1
« EECON2
 EEDATA
 EEDATH
« EEADR

« EEADRH

This section focuses on reading and writing data
EEPROM and Flash program memory during normal
operation. Refer to the appropriate device program-
ming specification document for serial programming
information.

When interfacing the data memory block, EEDATA
holds the 8-bit data for read/write and EEADR holds the
address of the EEPROM location being accessed.
These devices have 128 or 256 bytes of data
EEPROM, with an address range from 00h to OFFh.
Addresses from 80h to FFh are unimplemented on the
PIC16F818 device and will read 00h. When writing to
unimplemented locations, the charge pump will be
turned off.

When interfacing the program memory block, the
EEDATA and EEDATH registers form a two-byte word
that holds the 14-bit data for read/write and the EEADR
and EEADRH registers form a two-byte word that holds
the 13-bit address of the EEPROM location being
accessed. These devices have 1K or 2K words of
program Flash, with an address range from 0000h to
03FFh for the PIC16F818 and 0000h to 07FFh for the
PIC16F819. Addresses above the range of the respec-
tive device will wraparound to the beginning of program
memory.

The EEPROM data memory allows single byte read
and write. The Flash program memory allows single-
word reads and four-word block writes. Program
memory writes must first start with a 32-word block
erase, then write in 4-word blocks. A byte write in data
EEPROM memory automatically erases the location
and writes the new data (erase before write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device for byte or word operations.

When the device is code-protected, the CPU may
continue to read and write the data EEPROM memory.
Depending on the settings of the write-protect bits, the
device may or may not be able to write certain blocks
of the program memory; however, reads of the program
memory are allowed. When code-protected, the device
programmer can no longer access data or program
memory; this does NOT inhibit internal reads or writes.

3.1 EEADR and EEADRH

The EEADRH:EEADR register pair can address up to
a maximum of 256 bytes of data EEPROM or up to a
maximum of 8K words of program EEPROM. When
selecting a data address value, only the LSB of the
address is written to the EEADR register. When select-
ing a program address value, the MSB of the address
is written to the EEADRH register and the LSB is
written to the EEADR register.

If the device contains less memory than the full address
reach of the address register pair, the Most Significant
bits of the registers are not implemented. For example,
if the device has 128 bytes of data EEPROM, the Most
Significant bit of EEADR is not implemented on access
to data EEPROM.

3.2 EECON1 and EECON2 Registers

EECONL1 is the control register for memory accesses.

Control bit, EEPGD, determines if the access will be a
program or data memory access. When clear, as it is
when Reset, any subsequent operations will operate
on the data memory. When set, any subsequent
operations will operate on the program memory.

Control bits, RD and WR, initiate read and write,
respectively. These bits cannot be cleared, only set in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write or erase
operation. On power-up, the WREN bit is clear. The
WRERR bit is set when a write (or erase) operation is
interrupted by a MCLR or a WDT Time-out Reset
during normal operation. In these situations, following
Reset, the user can check the WRERR bit and rewrite
the location. The data and address will be unchanged
in the EEDATA and EEADR registers.

Interrupt flag bit, EEIF in the PIR2 register, is set when
the write is complete. It must be cleared in software.

EECON?2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the EEPROM write sequence.

© 2001-2013 Microchip Technology Inc.
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5.2 PORTB and the TRISB Register

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

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION_REG<7>).
The weak pull-up is automatically turned off when the
port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Four of PORTB's pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are ORed together to generate the RB Port Change
Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.
b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

RBO/INT is an external interrupt input pin and is
configured using the INTEDG bit (OPTION_REG<6>).

PORTB is multiplexed with several peripheral functions
(see Table 5-3). PORTB pins have Schmitt Trigger
input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTB pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISB as
the destination should be avoided. The user should
refer to the corresponding peripheral section for the
correct TRIS bit settings.

© 2001-2013 Microchip Technology Inc.

DS39598F-page 43



PIC16F818/819

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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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>).
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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
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9.0 CAPTURE/COMPARE/PWM
(CCP) MODULE

The Capture/Compare/PWM (CCP) module contains a
16-bit register that can operate as a:

« 16-bit Capture register

» 16-bit Compare register

« PWM Master/Slave Duty Cycle register

Table 9-1 shows the timer resources of the CCP
module modes.

Capture/Compare/PWM Register 1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. The special event trigger is
generated by a compare match which will reset Timerl

and start an A/D conversion (if the A/D module is
enabled).

REGISTER 9-1:

The CCP module’s input/output pin (CCP1) can be
configured as RB2 or RB3. This selection is set in bit 12
(CCPMX) of the Configuration Word register.

Additional information on the CCP module is available
in the “PIC® Mid-Range MCU Family Reference Man-
ual” (DS33023) and in Application Note AN594, “Using
the CCP Module(s)” (DS00594).

TABLE 9-1: CCP MODE - TIMER
RESOURCE

CCP Mode Timer Resource

Capture Timerl
Compare Timerl

PWM Timer2

CCP1CON: CAPTURE/COMPARE/PWM CONTROL REGISTER 1 (ADDRESS 17h)

u-0 u-0 RW-0 RMW-0  R/W-0 RIW-0 R/W-0 RIW-0
— — CCP1X | CCP1Y | CCP1M3 | CCP1M2 | CCP1ML | CCPIMO |
bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 CCP1X:CCP1Y: PWM Least Significant bits

Capture mode:
Unused.

Compare mode:
Unused.

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.
bit 3-0 CCP1M3:CCP1MO0: CCP1 Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCP1 module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit is set)

1001 = Compare mode, clear output on match (CCPL1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is

unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set, CCP1 pin is unaffected);
CCP1 resets TMR1 and starts an A/D conversion (if A/D module is enabled)

11xx = PWM mode

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2001-2013 Microchip Technology Inc.
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REGISTER 12-1: CONFIGURATION WORD (ADDRESS 2007h)(l)
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1R/P-1 R/P-1 R/P-1 R/P1 R/P-1 R/P-1 R/P-1 R/P-1

| cp |ccpmx|pEBUG| WRT1 | WRTO | CPD | LVP |BOREN|MCLRE | FOSC2 |[PWRTEN| WDTEN | Fosci |Fosco|
bit 13 bit 0

bit 13 CP: Flash Program Memory Code Protection bit
1 = Code protection off
0 = All memory locations code-protected
bit 12 CCPMX: CCP1 Pin Selection bit
1 = CCP1 function on RB2
0 = CCP1 function on RB3
bit 11 DEBUG: In-Circuit Debugger Mode bit
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose /O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger
bit 10-9 WRT1:WRTO: Flash Program Memory Write Enable bits
For PIC16F818:
11 = Write protection off
10 = 000h to 01FF write-protected, 0200 to 03FF may be modified by EECON control
01 = 000h to 03FF write-protected
For PIC16F819:
11 = Write protection off
10 = 0000h to 01FFh write-protected, 0200h to 07FFh may be modified by EECON control
01 = 0000h to 03FFh write-protected, 0400h to 07FFh may be modified by EECON control
00 = 0000h to 05FFh write-protected, 0600h to 07FFh may be modified by EECON control
bit 8 CPD: Data EE Memory Code Protection bit
1 = Code protection off
0 = Data EE memory locations code-protected
bit 7 LVP: Low-Voltage Programming Enable bit
1 = RB3/PGM pin has PGM function, Low-Voltage Programming enabled
0 = RB3/PGM pin has digital 1/0 function, HV on MCLR must be used for programming
bit 6 BOREN: Brown-out Reset Enable bit
1 = BOR enabled
0 = BOR disabled
bit 5 MCLRE: RA5/MCLR/VPP Pin Function Select bit
1 = RA5/MCLR/VPP pin function is MCLR
0 = RA5/MCLR/VPP pin function is digital I/O, MCLR internally tied to VDD

bit 3 PWRTEN: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

bit 2 WDTEN: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 4, 1-0 FOSC2:FOSCO: Oscillator Selection bits
111 = EXTRC oscillator; CLKO function on RA6/0OSC2/CLKO pin
110 = EXTRC oscillator; port I/O function on RA6/0OSC2/CLKO pin
101 = INTRC oscillator; CLKO function on RA6/0OSC2/CLKO pin and port I/O function on
RA7/0SC1/CLKI pin
100 = INTRC oscillator; port I/O function on both RA6/OSC2/CLKO pin and RA7/OSC1/CLKI pin
011 = EXTCLK; port I/O function on RA6/OSC2/CLKO pin
010 = HS oscillator
001 = XT oscillator
000 = LP oscillator

Note 1: The erased (unprogrammed) value of the Configuration Word is 3FFFh.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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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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(INTCON<1>)

Interrupt Latency,
(Note 2)

FIGURE 12-9: WAKE-UP FROM SLEEP THROUGH INTERRUPT
. Q11021 @31Q4, Q11Q21 Q3| Q4, Q1] : . Q11 Q21 @31 Q4 Q11 Q21 Q31 Q4; Q1l Q2| Q31 Q4; Q11 Q2] Q3] Q4
osci A AVaAVaWaWaWaWal : ' ' ' '
cLko® A / : / | \ Tost@ ! \ Y a—. / \ / :
INTpin | : : | : : : : :
INTF Flag . : f \ ' ' ' ' )

GIE bit . . . . . . . . .
(INTCON<7>)' ' 'Processor in, : ' \ : : '
' ' + Sleep | I I ! ! '
INSTRUCTION FLOW : Z : : : 1 Z :
PC X BC W Pc+T X PC+2 X PC+z W PC+z X 000dh X __0005h .
Instruction {/Inst(PC) = Sleep! Inst(PC+1) ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
Efgg’uctg%n {: Inst(PC — 1) : Sleep : : Inst(PC + 1) : Dummy Cycle : Dummy Cycle : Inst(0004h) :
Note XT, HS or LP Oscillator mode assumed.

1
2: TosT = 1024 Tosc (drawing not to scale). This delay will not be there for RC Oscillator mode.

3:  GIE =1 assumed. In this case, after wake-up, the processor jumps to the interrupt routine. If GIE = 0, execution will continue in-line.
4: CLKO is not available in these oscillator modes but shown here for timing reference.

12.14 In-Circuit Debugger

When the DEBUG bhit in the Configuration Word is
programmed to a ‘0’, the In-Circuit Debugger function-
ality is enabled. This function allows simple debugging
functions when used with MPLAB® ICD. When the
microcontroller has this feature enabled, some of the
resources are not available for general use. Table 12-6
shows which features are consumed by the background
debugger.

TABLE 12-6: DEBUGGER RESOURCES
1/0 pins RB6, RB7
Stack 1 level

Program Memory Address 0000h must be NOP

Last 100h words

Data Memory 0x070 (0x0F0, 0x170, 0x1FO0)

Ox1EB-OX1EF

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VPP, VDD, GND,
RB7 and RB6. This will interface to the in-circuit
debugger module available from Microchip or one of
the third party development tool companies.

12.15 Program Verification/Code
Protection

If the code protection bit(s) have not been
programmed, the on-chip program memory can be
read out for verification purposes.

12.16

Four memory locations (2000h-2003h) are designated
as ID locations, where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution but are
readable and writable during program/verify. It is
recommended that only the four Least Significant bits
of the ID location are used.

ID Locations
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13.2 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label] ADDLW Kk

Operands: 0< k<255

Operation: (W) +k —> (W)

Status Affected: C,DC,Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

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

Operation: (W) + (f) - (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register ‘f'. If ‘d’ = 0, the result
is stored in the W register. If
‘d’ = 1, the result is stored back in
register ‘f".

ANDLW AND Literal with W

Syntax: [label] ANDLW k

Operands: 0<k<255

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

Status Affected: Z

Description: The contents of W register are

ANDed with the eight-bit literal ‘k'.
The result is placed in the W
register.

ANDWEF AND W with f
Syntax: [label] ANDWF fd
Operands: 0<f<127
d € [0,1]
Operation: (W) .AND. (f) —» (destination)
Status Affected: Z
Description: AND the W register with register
‘. If ‘d’ = 0, the result is stored in
the W register. If ‘d’ = 1, the result
is stored back in register ‘f'.
BCF Bit Clear f
Syntax: [label ] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘f’ is cleared.
BSF Bit Set f
Syntax: [label ] BSF fb
Operands: 0<f<127
0<b<7
Operation: 1 - (f<b>)
Status Affected:  None
Description: Bit ‘b’ in register ‘' is set.
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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 Standa_rd Operating Conditions Sunless other°W|se _stated)_
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extended
Pa’\:gm Device Typ Max | Units Conditions
Supply Current (Ipp)23)
PIC16LF818/819| 8 20 pA -40°C
15 pA +25°C VDD = 2.0V
15 pA +85°C
PIC16LF818/819| 16 30 pA -40°C
14 | 25 | uaA +25°C VDD = 3.0V Fosc = 31.25 kHz
" (RC_RUN mode,
14 25 HA +85°C Internal RC Oscillator)
All devices| 32 40 pA -40°C
29 35 pA +25°C
VDD = 5.0V
29 35 pA +85°C
Extended devices| 35 45 pA +125°C
PIC16LF818/819| 132 160 pA -40°C
126 155 pA +25°C VDD = 2.0V
126 155 pA +85°C
PIC16LF818/819| 260 310 pA -40°C
230 | 300 | uA +25°C VDD = 3.0V Fosc = 1 MHz
" (RC_RUN mode,
230 | 300 A +85°C Internal RC Oscillator)
All devices| 560 690 pA -40°C
500 650 pA +25°C
VDD = 5.0V
500 650 pA +85°C
Extended devices| 570 710 pA +125°C
PIC16LF818/819| 310 420 pA -40°C
300 410 pA +25°C VDD = 2.0V
300 410 pA +85°C
PIC16LF818/819| 550 650 pA -40°C
530 | 620 | pA +25°C VDD = 3.0V FosC =4 MHz
" (RC_RUN mode,
530 | 620 | pA +85°C Internal RC Oscillator)
All devices| 1.2 15 mA -40°C
11 14 mA +25°C
VDD = 5.0V
11 14 mA +85°C
Extended devices| 1.3 1.6 mA +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, Timer1 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 = VbD; 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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15.4 DC Characteristics: PIC16F818/819 (Industrial, Extended)
PIC16LF818/819 (Industrial) (Continued)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Operating voltage VDD range as described in Section 15.1 “DC
Characteristics: Supply Voltage”.

Param

No Sym Characteristic Min Typt| Max |Units Conditions
VoL |Output Low Voltage
D080 1/0O ports — — 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +125°C
D083 OSC2/CLKO — — 0.6 V |loL=1.6 mA, VDD = 4.5V,
(RC oscillator config) -40°C to +125°C
VoH |Output High Voltage
D090 1/O ports (Note 3) Vbb —-0.7 — — V [loH=-3.0 mA, VDD = 4.5V,
-40°C to +125°C
D092 OSC2/CLKO Vbb-0.7 — — V |loH=-1.3 mA, VDD = 4.5V,
(RC oscillator config) -40°C to +125°C
Capacitive Loading Specs on Output Pins
D100 |Cosc2 |[OSC2 pin — — 15 pF |In XT, HS and LP modes
when external clock is used
to drive OSC1
D101 |[Cio |All /O pins and OSC2 — — 50 pF
(in RC mode)
D102 |CB  |scL, SDAin I2C™ mode — — 400 pF
Data EEPROM Memory
D120 |ED Endurance 100K 1M — E/W |-40°C to +85°C
10K 100K — E/W [+85°C to +125°C
D121 |VbrRw |VDD for read/write VMIN — 55 V |Using EECON to read/write,
VMIN = min. operating
voltage
D122 |Toew |Erase/write cycle time — 4 8 ms
Program Flash Memory
D130 |EP Endurance 10K 100K — E/W [-40°C to +85°C
1K 10K — E/W [+85°C to +125°C
D131 |Vvpr |VDD for read VMIN — 55 V
D132A VDD for erase/write VMIN — 55 V |Using EECON to read/write,
VMIN = min. operating
voltage
D133 |TPe |Erase cycle time — 2 4 ms
D134 |[Tpw |Write cycle time — 2 4 ms

T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC16F818/819 be driven with external clock in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.

3:  Negative current is defined as current sourced by the pin.
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FIGURE 15-5: CLKO AND 1I/O TIMING
Q4 : Q1 i Q2 I Q3 i
L 110 . L L . :
CLKO - : : : ' /!
EEast g e et :
N P L -6 I
1/0 pin / // - / //
(Input) / /// Lo ] / O
D e 17— : — 15 ; ' !
(Olluothzjltr; Old Value e New Value
: 20, 21 : : :
Note: Refer to Figure 15-3 for load conditions.
TABLE 15-2: CLKO AND I/O TIMING REQUIREMENTS
Pi{j‘m Symbol Characteristic Min Typt Max Units | Conditions
10* TosH2ckL |OSC1 T to CLKO — 75 200 ns |(Note 1)
11* TosH2ckH |OSC1 Tto CLKO T — 75 200 ns |[(Note 1)
12* TckR CLKO Rise Time — 35 100 ns |(Note 1)
13+ TckF CLKO Fall Time — 35 100 ns |[(Note 1)
14* TckL2ioV  |CLKO { to Port Out Valid — — |05Tcy+20| ns [(Note1l)
15* TioV2ckH | Port In Valid before CLKO T Tosc + 200 — — ns |(Note 1)
16* TckH2i0l | Port In Hold after CLKO T 0 — — ns |(Note 1)
17* TosH2i0V |0SC1 T (Q1 cycle) to Port Out Valid — 100 255 ns
18* TosH2i0l  |OSC1 T (Q2 cycle) to Port PIC16F818/819 100 — — ns
19* TioV20sH |Port Input Valid to OSC1 T (I/O in setup time) 0 — — ns
20* TIOR Port Output Rise Time PIC16F818/819 — 10 40 ns
PIC16LF818/819 — — 145 ns
21* TIoF Port Output Fall Time PIC16F818/819 — 10 40 ns
PIC16LF818/819 — — 145 ns
221t |TiNP INT pin High or Low Time Tcy — — ns
23tt*  |TrBpP RB7:RB4 Change INT High or Low Time Tcy — — ns

*  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.
Tt
Note 1:

These parameters are asynchronous events, not related to any internal clock edges.
Measurements are taken in RC mode, where CLKO output is 4 x Tosc.
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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?
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