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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
PC<12:0>
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Reset Vector 0000h
: <:%:::;
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Interrupt Vector 0004h
On-Chip 0005h
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Memory 03FFh
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
: <:#::::
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07FFh
0800h
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1FFFh
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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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3.3 Reading Data EEPROM Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD
control bit (EECON1<7>) and then set control bit, RD
(EECON1<0>). The data is available in the very next
cycle in the EEDATA register; therefore, it can be read
in the next instruction (see Example 3-1). EEDATA will
hold this value until another read or until it is written to
by the user (during a write operation).

The steps to reading the EEPROM data memory are:

1. Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the device.

2. Clear the EEPGD bit to point to EEPROM data
memory.

3. Set the RD bit to start the read operation.

4. Read the data from the EEDATA register.

EXAMPLE 3-1: DATA EEPROM READ

BANKSEL EEADR ; Select Bank of EEADR
MOVF ADDR, W ;
MOVWF EEADR ; Data Memory Address

; to read
BANKSEL EECON1 ; Select Bank of EECON1
BCF EECON1, EEPGD ; Point to Data memory
BSF EECON1, RD ; EE Read
BANKSEL EEDATA ; Select Bank of EEDATA
MOVF EEDATA, W ; W = EEDATA

3.4 Writing to Data EEPROM Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDATA register. Then, the user must follow a
specific write sequence to initiate the write for each
byte.

The write will not initiate if the write sequence is not
exactly followed (write 55h to EECONZ2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment (see Example 3-2).

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times except when
updating EEPROM. The WREN bit is not cleared
by hardware

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.
At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. EEIF must be
cleared by software.

The steps to write to EEPROM data memory are:

1.

o

10.

If step 10 is not implemented, check the WR bit

to see if a write is in progress.

Write the address to EEADR. Make sure that the

address is not larger than the memory size of

the device.

Write the 8-bit data value to be programmed in

the EEDATA register.

Clear the EEPGD bit to point to EEPROM data

memory.

Set the WREN bit to enable program operations.

Disable interrupts (if enabled).

Execute the special five instruction sequence:

» Write 55h to EECONZ2 in two steps (first to W,
then to EECON2)

* Write AAh to EECON2 in two steps (first to W,
then to EECON2)

» Set the WR hit

Enable interrupts (if using interrupts).

Clear the WREN bit to disable program

operations.

At the completion of the write cycle, the WR bit

is cleared and the EEIF interrupt flag bit is set

(EEIF must be cleared by firmware). If step 1 is

not implemented, then firmware should check

for EEIF to be set, or WR to be clear, to indicate

the end of the program cycle.

EXAMPLE 3-2: DATA EEPROM WRITE

Required

BANKSEL EECON1 ; Select Bank of
; EECON1

BTFSC EECON1, WR ; Wait for write

GOTO $-1 ; to complete

BANKSEL EEADR ; Select Bank of
; EEADR

MOVF ADDR, W ;
MOVWF EEADR ; Data Memory

; Address to write
MOVF VALUE, W ;

MOVWF  EEDATA ; Data Memory Value
; to write
BANKSEL EECON1 ; Select Bank of
; EECON1
BCF EECON1, EEPGD ; Point to DATA
; memory
BSF EECON1l, WREN ; Enable writes
BCF INTCON, GIE ; Disable INTs.
MOVLW 55h H
8 MOVWF EECON2 ; Write 55h
€ MOVLW  ARh ;
Z MOVWF EECON2 ; Write AAh
@ BSF EECON1, WR ; Set WR bit to
; begin write
BSF INTCON, GIE ; Enable INTs.
BCF EECON1l, WREN ; Disable writes

© 2001-2013 Microchip Technology Inc.
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40 OSCILLATOR
CONFIGURATIONS

4.1 Oscillator Types

The PIC16F818/819 can be operated in eight different
oscillator modes. The user can program three configu-
ration bits (FOSC2:FOSCO) to select one of these eight
modes (modes 5-8 are new PIC16 oscillator
configurations):

1. LP Low-Power Crystal

2. XT Crystal/Resonator

3. HS High-Speed Crystal/Resonator
4. RC External Resistor/Capacitor with

Fosc/4 output on RA6

External Resistor/Capacitor with
1/0 on RA6

6. INTIO1 Internal Oscillator with Fosc/4
output on RA6 and 1/0 on RA7

7. INTIO2 Internal Oscillator with I/O on RA6
and RA7

External Clock with 1/0O on RA6

5. RCIO

8. ECIO

4.2 Crystal Oscillator/Ceramic
Resonators

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKI and OSC2/CLKO pins
to establish oscillation (see Figure 4-1 and Figure 4-2).
The PIC16F818/819 oscillator design requires the use
of a parallel cut crystal. Use of a series cut crystal may
give a frequency out of the crystal manufacturer’s
specifications.
FIGURE 4-1: CRYSTAL OPERATION
(HS, XT OR LP OSC
CONFIGURATION)

0scC1 PIC16F818/819

Cll(li

[ XTAL

= oscz|*
| —
c2®

Note 1: See Table 4-1 for typical values of C1 and C2.

2: A series resistor (Rs) may be required for AT
strip cut crystals.

3: RF varies with the crystal chosen (typically
between 2 MQ to 10 MQ).

TABLE 4-1: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR (FOR

DESIGN GUIDANCE ONLY)
I Typical Capacitor Values

Osc Type le:)r’z;a Tested:
C1 C2

LP 32 kHz 33 pF 33 pF

200 kHz 15 pF 15 pF

XT 200 kHz 56 pF 56 pF

1 MHz 15 pF 15 pF

4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF

8 MHz 15 pF 15 pF

20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals 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 1: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

2: Since each crystal has its own character-
istics, the user should consult the crystal
manufacturer for appropriate values of
external components.

3: Rs may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

4: Always verify oscillator performance over
the VDD and temperature range that is

expected for the application.

© 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

REGISTER 8-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
‘ — | TOUTPS3 | TOUTPS2 | TOUTPS1 ‘ TOUTPSO ‘ TMR20ON ‘ T2CKPS1 | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 =1:1 Postscale
0001 =1:2 Postscale
0010 =1:3 Postscale
1111 =1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1= Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits
00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
value on Value on
Address Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
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 PIEL — ADIE — — SSPIE | CCP1IE | TMR2IE | TMR1IE [-0-- 0000|-0-- 0000
11h TMR2 |Timer2 Module Register 0000 0000|0000 0000
12h T2CON | — |TOUTPS3|TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1|T2CKPS0|-000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 1111{1111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.

DS39598F-page 64
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NOTES:
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FIGURE 10-1: SSP BLOCK DIAGRAM
(SPI MODE)
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To enable the serial port, SSP Enable bit, SSPEN
(SSPCON<5>), must be set. To reset or reconfigure
SPI mode, clear bit SSPEN, reinitialize the SSPCON
register and then set bit SSPEN. This configures the
SDI, SDO, SCK and SS pins as serial port pins. For the
pins to behave as the serial port function, they must
have their data direction bits (in the TRISB register)
appropriately programmed. That is:

» SDI must have TRISB<1> set

* SDO must have TRISB<2> cleared

* SCK (Master mode) must have TRISB<4> cleared

* SCK (Slave mode) must have TRISB<4> set

« SS must have TRISB<5> set

Note 1: When the SPI is in Slave mode
with the SS pin control enabled
(SSPCON<3:0> = 0100), the SPI module
will reset if the SS pin is set to VDD.

2: If the SPI is used in Slave mode with
CKE = 1, then the SS pin control must be
enabled.

3: When the SPI is in Slave mode
with the SS pin control enabled
(SSPCON<3:0>=0100), the state of the
SS pin can affect the state read back from
the TRISB<2> bit. The peripheral OE
signal from the SSP module into PORTB
controls the state that is read back from
the TRISB<2> bit. If read-modify-write
instructions, such as BSF are performed
on the TRISB register while the SS pin is
high, this will cause the TRISB<2> bit to

be set, thus disabling the SDO output.

TABLE 10-1: REGISTERS ASSOCIATED WITH SPI OPERATION

value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR
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
13h SSPBUF  |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON | WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 | 0000 0000
94h SSPSTAT SMP CKE D/A P RIW UA BF 0000 0000 | 0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the SSP in SPI mode.

DS39598F-page 74
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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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FIGURE 12-6: SLOW RISE TIME (MCLR TIED TO VDb THROUGH RC NETWORK)
; 5V
VDD oV , jAY
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PWRT Time-out . : | |

OST Time-out

Internal Reset

12.10

The PIC16F818/819 has up to nine sources of inter-
rupt. The Interrupt Control register (INTCON) records
individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

Interrupts

Note: Individual interrupt flag bits are set
regardless of the status of their

corresponding mask bit or the GIE bit.

A Global Interrupt Enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be
disabled through their corresponding enable bits in
various registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on Reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the
Special Function Register, PIR1. The corresponding
interrupt enable bits are contained in Special Function
Register, PIE1 and the peripheral interrupt enable bit is
contained in Special Function Register, INTCON.

When an interrupt is serviced, the GIE bit is cleared to
disable any further interrupt, the return address is
pushed onto the stack and the PC is loaded with 0004h.
Once in the Interrupt Service Routine, the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in
software before re-enabling interrupts to avoid
recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends on when the interrupt event occurs relative to
the current Q cycle. The latency is the same for one or
two-cycle instructions. Individual interrupt flag bits are
set regardless of the status of their corresponding
mask bit, PEIE bit or the GIE bit.

FIGURE 12-7: INTERRUPT LOGIC
EEIF TMROIE Wake-up (if in Sleep mode)
EEIE TMROIE
ADIE INTF D .
ADIE INTE Interrupt to CPU
SSPIF RBIF
SSPIE RBIE
CCP1IF D
CCPlIE PEIE
TMR1IF
TMR1IE GIE

TMRZIF:l )
TMR2IE
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14.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

14.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CATS5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers
significant advantages over competitive emulators
including low-cost, full-speed emulation, run-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

149 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

14.10 PICkit 3 In-Circuit Debugger/
Programmer and
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device 1/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICKkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

© 2001-2013 Microchip Technology Inc.
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FIGURE 15-8:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI / |

|4—40 —_— 41 -
| ! |
|- 42 —|
|
! | I
/ I
RB6/T10SO/T1CKI | | | :
| ||
| < 45 - < 46 - | |
| L |
| I I
- 47 - 48 >
| I
TMRO or TMR1 X
Note: Refer to Figure 15-3 for load conditions.
TABLE 15-4: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
P;a\lrsm Symbol Characteristic Min Typt| Max [Units Conditions
40* TTOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |Parameter 42
41* TTOL TOCKI Low Pulse Width No Prescaler 0.5Tcy +20 — — ns |Must also meet
With Prescaler 10 — — ns |Parameter 42
42* TTOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns |N=prescalevalue
20 or Tcy + 40 (2,4, ..., 256)
N
45* TT1H T1CKI High Synchronous, Prescaler = 1 0.5Tcy +20 — — ns |Must also meet
Time Synchronous,  |PIC16F818/819 15 — | — | ns |parameter47
Prescaler = 2,4,8 | p|c16LF818/819 25 — | — | ns
Asynchronous PIC16F818/819 30 — — ns
PIC16LF818/819 50 — — ns
46* TTlL T1CKI Low Time | Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous,  |PIC16F818/819 15 — | — | ns |parameter47
Prescaler = 2,4,8 | p|c16LF818/819 25 — | — | ns
Asynchronous PIC16F818/819 30 — — ns
PIC16LF818/819 50 — — ns
47* TT1P T1CKI Input Synchronous PIC16F818/819 Greater of: — — ns |N = prescale
Period 30 or Tcy + 40 value (1, 2, 4, 8)
N
PIC16LF818/819| Greater of: N = prescale
50 or Tcy + 40 value (1, 2, 4, 8)
N
Asynchronous PIC16F818/819 60 — — ns
PIC16LF818/819 100 — — ns
Frl Timerl Oscillator Input Frequency Range DC — [32.768| kHz
(Oscillator enabled by setting bit TLOSCEN)
48 TCKEZTMR1 | Delay from External Clock Edge to Timer Increment 2 Tosc — |7Tosc| —

* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested.
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TABLE 15-9: A/D CONVERTER CHARACTERISTICS: PIC16F818/819 (INDUSTRIAL, EXTENDED)
PIC16LF818/819 (INDUSTRIAL)

PaNr:m Sym Characteristic Min Typt Max Units Conditions

A0l NR Resolution — — 10-bits bit |[VREF =VDD =5.12V,
Vss < VAIN < VREF

AO03 EiL Integral Linearity Error — — <zl LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF

A04 EpL |Differential Linearity Error — — <zl LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF

A06 Eorr |Offset Error — — <*2 LSb |VREF = VDD =5.12V,
Vss < VAIN < VREF

A07 EGN |Gain Error — — <#1 LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF

A10 —  [Monotonicity — guaranteed® — — |Vss < VAIN < VREF

A20 |VRer |Reference Voltage (VREF+ — VREF-) 2.0 — VoD + 0.3 \%

A21 |VREr+ |Reference Voltage High AVDD — 2.5V AVDD + 0.3V \Y,

A22 |VRer- |Reference Voltage Low AVss - 0.3V VREF+-2.0V| V

A25 |VAIN [Analog Input Voltage Vss - 0.3V — VREF + 0.3V \%

A30 |ZAaIN |Recommended Impedance of — — 25 kQ |(Note 4)

Analog Voltage Source
A40 1AD A/D Conversion |PIC16F818/819 — 220 — wA | Average current
Current (VDD) PIC16LFS818/819 _ 90 _ vy consumption when A/D is on
(Note 1)

A50 IREF | VREF Input Current (Note 2) — — 5 pA  |During VAIN acquisition.
Based on differential of VHOLD
to VAIN to charge CHoOLD,
see Section 11.1 “A/D
Acquisition Requirements”.

— — 150 wA  |During A/D conversion cycle
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.

Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec includes

any such leakage from the A/D module.

2:  VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.

w

The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.

4: Maximum allowed impedance for analog voltage source is 10 kQ. This requires higher acquisition time.

© 2001-2013 Microchip Technology Inc.
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FIGURE 16-15: AlPD BOR vs. VDD, -40°C TO +125°C (SLEEP MODE,
BOR ENABLED AT 2.00V-2.16V)

1,000
Max (125°C) T
p—
Typ (25°C)
Device in
- -- —r—--——--
Indeterminant Sleep >
State
- -————=—=-- Devicein _ _ _ _ _ _ _ ____ -

- Reset
é 100
Q
=]

Note: Device current in Reset Max (125°C)

depends on oscillator mode,
frequency and circuit.

Typical: statistical mean @ 25°C Typ (25°C)

Maximum: mean + 3¢ (-40°C to +125°C)

Minimum: mean — 3c (-40°C to +125°C)

10 r r -
2.0 25 3.0 35 4.0 45 5.0 5.5

VoD (V)

FIGURE 16-16: IPD A/D, -40°C TO +125°C, SLEEP MODE, A/D ENABLED (NOT CONVERTING)

12
Typical: statistical mean @ 25°C
Maximum: mean + 3o (-40°C to +125°C)
10 | Minimum: mean — 3o (-40°C to +125°C)
Max
(-40°C to +125°C)
8
3
- 6
a
<
4
Max
(-40°C to +85°C)
2 3
Typ (+25°C)
0 - . " " " "
2.0 2.5 3.0 3.5 4.0 45 5.0 5.5

VoD (V)
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18-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
/V\ —~— a4X
VIEW C
Units MILLIMETERS
Dimension Limits MIN | NoM | MAX
Number of Pins N 18
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 11.55 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle °) 0° - -
Foot Angle 2 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-051C Sheet 2 of 2
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20-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

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

UL

SILK SCREEN

C
G ——I |<— ——I |<_ X1
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X20) X1 0.45
Contact Pad Length (X20) Y1 1.75
Distance Between Pads G 0.20

Notes:

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

Microchip Technology Drawing No. C04-2072A
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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

| c |
| w2 |
® | ! }|:| |:| |:| |:| |:| |: ! | E
c2 ] [ ] r G
i — ——
L] L]
X1 ——‘ |
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

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

Microchip Technology Drawing No. C04-2105A
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Program Memory
INterrupt VECIOr ......coooiiiiiiiii e 9
Map and Stack
PIC16F818
PIC16F819
Reset Vector .......
Program Verification ..........ccccccooieiiiniiiiiiiiiicccecee
PUSH o

RAO/ANO Pin ..
RA1/AN1 Pin
RA2IAN2IVIEF- PIN .o 7
RASIANSIVIEF PIN oo 7
RAAANYTOCKI PIN v 7
RAS/(MCLRIVIP Pl oo 7
RAB/0SC2/CLKO Pin ...
RA7/OSC1/CLKI Pin ...

RBO/INT Pin ............. ...8
RBIL/SDI/SDA PiN ..ot
RB2/SDO/CCPL PiN ..cooiiiiiiiieiiieeecsiceeeee e
RB3/CCPL/PGM PiN ..oiiiiiiiiieieeeeee e e
RB4/SCK/SCL PiN ..ot e
RB5/SS PiN ..o,
RB6/T10SO/T1CKI/PGC Pin ..
RB7/T10SI/PGD Pin ...............
RBIF Bt oottt st
RCIO Oscillator Mode ..........ccccoviiiiiiiiiiiiiiie e
Reader RESPONSE .......ccovviviiiiiiiiiiiee e
Receive Overflow Indicator Bit, SSPOV .........ccccccoveivenneene 73
Register File Map
PICLIBF8LS .....ooovieieeieeeeee e 11
PICLOF819 ...ooiiiiiiiiiiieicse e 12
Registers
ADCONO (A/D Control 0) .....ccccvreeemireeieneereeneeeeee 81
ADCON1 (A/D Control 1) ....cccccocvviiiiiiieiieeieeeeeiene 82
CCP1CON (Capture/Compare/PWM Control 1) ........ 65
Configuration WOord ..........ccccccveiiiiieciniees e 90
EECONL1 (Data EEPROM Access Control 1) ............. 26
Initialization Conditions (table) ..........cccccevveiiiiieennnns 94
INTCON (Interrupt Control) ........cccceevviveerineeniieeeenns 18
OPTION_REG (Option) .......... ..17,54
OSCCON (Oscillator Control) ........cccoccvverrieensiieennns 38
OSCTUNE (Oscillator Tuning) .......cccocevveemveessiieeeenns 36
PCON (Power Control) .........cccceevviniieniieniie e 22
PIE1 (Peripheral Interrupt Enable 1) .........ccccoecvveennes
PIE2 (Peripheral Interrupt Enable 2) ...........ccccoveernes

PIR1 (Peripheral Interrupt Request (Flag) 1)
PIR2 (Peripheral Interrupt Request (Flag) 2)
SSPCON (Synchronous Serial Port Control 1) .......... 73
SSPSTAT (Synchronous Serial Port Status)
SEAIUS .ovviiciiic
TL1CON (Timerl Control) ......covvvveriiieeriieeeeee e
T2CON (Timer2 Control) ......ccccocvvniiiiienieeieeieeeine
RESEL ..

Brown-out Reset (BOR). See Brown-out

Reset (BOR).
MCLR Reset. See MCLR.
Power-on Reset (POR). See Power-on

Reset (POR).

Reset Conditions for All Registers .........c.ccccovvevcueennen. 94
Reset Conditions for PCON Register ..........ccccoveevnen 93
Reset Conditions for Program Counter ...................... 93
Reset Conditions for Status Register ............cccccueenee. 93

WDT Reset. See Watchdog Timer (WDT).

ReVISION HIStOrY .......cocveiiiiiiiiie i 165
RPO Bit oottt ettt 10
RPL BIt oot 10
S
Sales and SUPPOIT ....c.eevviiiieiieee e
SCL ClIOCK vttt
SIBEP ittt
Software Simulator (MPLAB SIM) ......ccccooviiiiieeiiiieeieene
Special Event THgQer ......covviiiiiiiiiieiie e
Special Features of the CPU ...........
Special Function Register Summary .
Special Function Registers .........ccccceviiniciieciicniecieenn
SPI Mode

Associated REJISIErS ........cccevvieieriiiieee e 74

Serial ClOCK .....ccuviiiiiiiiiiii i

Serial Data IN ...

Serial Data Out .

Slave SeleCt ........ooiiiiiiiiii e
SSP

ACK s 77

12c

12C OPEIAtioN .....coovvveveeeeeeseeeeeeeee e, 76

SSPADD REJISIEN .ottt 14
SSPIF ..o .20
SSPOV ... .73
SSPOV Bit .....cocuc.. e
SSPSTAT REQISIEr ...ooviiiiiiiiiiiiiiieeeee e 14
STACK oo 23

OVErflOW ... 23

UNAErfIOW .....vveiiiiiiiiiecii e 23
Status REGISTEr ....vvviiiiiiecie e 13,15

DC Bit vt

IRP Bit ....

PD Bit......

TO Bit .....

Z B ettt
Synchronous Serial Port (SSP) ........ccovviiiiiiiiiieeeee 71

OVEIVIEW ... 71

SPIMOE ..ot 71
Synchronous Serial Port Interrupt ..........ccccocveerviieennneeens 20
T
TACKPSO Bit ..o 57
TLCKPSL Bit ..eviiiiiiiiiiiiesie et 57
TLOSCEN Bit ..oiiiiiiiiiieieeiecie et 57

T1SYNC Bit
T2CKPSO Bit
T2CKPS1 Bit

TiME-0Ut SEQUENCE ....ooviiiiiiiiiiiieee e 92
TIMEI0 et 53
Associated REQISIErS ........ccceviiieriiiiieee e 55
Clock Source Edge Select (TOSE Bit) .......ccccocvvevieenes 17
Clock Source Select (TOCS Bit) ............... .17

External Clock . .54
Interrupt ....... ..53
OPEIALION ...ooveeiiiie ettt 53
Overflow Enable (TMROIE Bit) .......cccovvveeiciiiieiiiieens 18
Overflow Flag (TMROIF Bit) ......ccoooiveiiiiiiiiieeeiiees 97
Overflow INTEITUPE .....ccvveiiiiiie e 97
Prescaler ... 54
TOCKI it 54
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PIC16F818/819 PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX XXX
'|' —|— —l— Examples:
Device Temperature Package Pattern a) PIC16LF818-I/P = Industrial temp., PDIP
Range package, Extended VDD limits.
b)  PIC16F818-1/SO = Industrial temp., SOIC
package, normal VDD limits.
Device PIC16F818: Standard VDD range

PIC16F818T: (Tape and Reel)
PIC16LF818: Extended VDD range

0°C to +70°C
-40°C to +85°C (Industrial)

Temperature Range -

E -40°C to +125°C (Extended)
Package P = PDIP
SO = SoOIC
SS = SSOP
ML = QFN Note 1. F = CMOS Flash
LF = Low-Power CMOS Flash
2: T = intape and reel — SOIC, SSOP

Pattern QTP, SQTP, ROM Code (factory specified) or ' packages only.
Special Requirements. Blank for OTP and
Windowed devices.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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