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3.1.24 Stack Overflow and Underflow
Resets

Device Resets on Stack Overflow and Stack Underflow
conditions are enabled by setting the STVREN bit in
Configuration Register 4L. When STVREN is set, a full
or underflow will set the appropriate STKOVF or
STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKOVF or STKUNF bit but not cause
a device Reset. The STKOVF or STKUNF bits are
cleared by the user software or a Power-on Reset.

3.1.3 FAST REGISTER STACK

A fast register stack is provided for the STATUS,
WREG and BSR registers, to provide a “fast return”
option for interrupts. The stack for each register is only
one level deep and is neither readable nor writable. It is
loaded with the current value of the corresponding
register when the processor vectors for an interrupt. All
interrupt sources will push values into the stack
registers. The values in the registers are then loaded
back into their associated registers if the
RETFI E, FAST instruction is used to return from the
interrupt.

If both low and high priority interrupts are enabled, the
stack registers cannot be used reliably to return from
low priority interrupts. If a high priority interrupt occurs
while servicing a low priority interrupt, the stack register
values stored by the low priority interrupt will be
overwritten. In these cases, users must save the key
registers by software during a low priority interrupt.

If interrupt priority is not used, all interrupts may use the
fast register stack for returns from interrupt. If no
interrupts are used, the fast register stack can be used
to restore the STATUS, WREG and BSR registers at
the end of a subroutine call. To use the fast register
stack for a subroutine call, a CALL | abel, FAST
instruction must be executed to save the STATUS,
WREG and BSR registers to the fast register stack. A
RETURN, FAST instruction is then executed to restore
these registers from the fast register stack.

Example 3-1 shows a source code example that uses
the fast register stack during a subroutine call and
return.
EXAMPLE 3-1: FAST REGISTER STACK
CODE EXAMPLE

; STATUS, WREG, BSR
; SAVED | N FAST REG STER
; STACK

CALL SuUB1, FAST

SUB1 .
L]
RETURN, FAST ; RESTORE VALUES SAVED
; I N FAST REG STER STACK

3.14 LOOK-UP TABLES IN PROGRAM
MEMORY

There may be programming situations that require the
creation of data structures, or look-up tables, in
program memory. For PIC18 devices, look-up tables
can be implemented in two ways:

» Computed GOTO
» Table Reads

3.14.1 Computed GOTO

A computed GOTOis accomplished by adding an offset
to the program counter. An example is shown in
Example 3-2.

A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW nn instructions. The
W register is loaded with an offset into the table before
executing a call to that table. The first instruction of the
called routine is the ADDWF PCL instruction. The next
instruction executed will be one of the RETLW nn
instructions that returns the value ‘nn’ to the calling
function.

The offset value (in WREG) specifies the number of
bytes that the program counter should advance and
should be multiples of 2 (LSb = 0).

In this method, only one data byte may be stored in
each instruction location and room on the return
address stack is required.

EXAMPLE 3-2: COMPUTED GOTOUSING

AN OFFSET VALUE

MOVF OFFSET, W
CALL TABLE
ORG nn00h
TABLE ADDW PCL
RETLW nnh
RETLW nnh
RETLW nnh

3.14.2 Table Reads and Table Writes

A better method of storing data in program memory
allows two bytes of data to be stored in each instruction
location.

Look-up table data may be stored two bytes per
program word by using table reads and writes. The
Table Pointer (TBLPTR) register specifies the byte
address and the Table Latch (TABLAT) register
contains the data that is read from or written to program
memory. Data is transferred to or from program
memory one byte at a time.

Table read and table write operations are discussed
further in Section 4.1 “Table Reads and Table
Writes”.

© 2009-2016 Microchip Technology Inc.
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3.4.3.1 FSR Registers and the INDF

Operand

At the core of indirect addressing are three sets of
registers: FSR0O, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. Each FSR
pair holds a 12-bit value, therefore the four upper bits
of the FSRnH register are not used. The 12-bit FSR
value can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations.

Indirect addressing is accomplished with a set of
Indirect File Operands, INDFO through INDF2. These
can be thought of as “virtual” registers: they are
mapped in the SFR space but are not physically
implemented. Reading or writing to a particular INDF
register actually accesses its corresponding FSR
register pair. A read from INDF1, for example, reads
the data at the address indicated by FSR1H:FSR1L.
Instructions that use the INDF registers as operands
actually use the contents of their corresponding FSR as
a pointer to the instruction’s target. The INDF operand
is just a convenient way of using the pointer.

Because indirect addressing uses a full 12-bit address,
data RAM banking is not necessary. Thus, the current
contents of the BSR and the Access RAM bit have no
effect on determining the target address.

3.4.3.2 FSR Registers and POSTINC,

POSTDEC, PREINC and PLUSW

In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers which cannot be directly
read or written. Accessing these registers actually
accesses the location to which the associated FSR
register pair points, and also performs a specific action
on the FSR value. They are:

+ POSTDEC: accesses the location to which the
FSR points, then automatically decrements the
FSR by 1 afterwards

» POSTINC: accesses the location to which the
FSR points, then automatically increments the
FSR by 1 afterwards

* PREINC: automatically increments the FSR by 1,
then uses the location to which the FSR points in
the operation

* PLUSW: adds the signed value of the W register
(range of -127 to 128) to that of the FSR and uses
the location to which the result points in the
operation.

In this context, accessing an INDF register uses the
value in the associated FSR register without changing
it. Similarly, accessing a PLUSW register gives the
FSR value an offset by that in the W register; however,
neither W nor the FSR is actually changed in the

operation. Accessing the other virtual registers
changes the value of the FSR register.
FIGURE 3-8: INDIRECT ADDRESSING
000h
Using an instruction with one of the ADDWE, | NDF1, 1 Bank 0
indirect addressing registers as the 100h
operand.... Bank 1
200h
Bank 2
) 300h
...uses the 12-bit address stored in FSR1H:FSRIL
the.FSR pair associated with that 7 0 7 0
register.... Bank 3
[x[x[x[x[1[1]2[o] []1]o[o]1[s]o[o] trough
NN N
I\ ) NN Bank 13 N
...to determine the data memory
location to be used in that operation.
In this case, the FSR1 pair contains EOOh
ECCh. This means the contents of > Bank 14
location ECCh will be added to that FOOh
of the W register and stored back in Bank 15
ECCh. FFFh

Data Memory

© 2009-2016 Microchip Technology Inc.
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REGISTER 4-1: EECON1: DATA EEPROM CONTROL 1 REGISTER

R/W-x R/W-x U-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR WREN WR RD

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit

S = Bit can be set by software, but not cleared U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row (Block) Erase Enable bit
1 = Erase the program memory block addressed by TBLPTR on the next WR command
(cleared by completion of erase operation)
0 = Perform write-only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit™®)
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation, or an improper write attempt)
0 = The write operation completed

bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit

1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle.
(The operation is self-timed and the bit is cleared by hardware once write is complete.
The WR bit can only be set (not cleared) by software.)

0 = Write cycle to the EEPROM is complete

bit 0 RD: Read Control bit

1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared by hardware. The RD bit can only
be set (not cleared) by software. RD bit cannot be set when EEPGD =1 or CFGS =1.)
0 = Does not initiate an EEPROM read

Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the
error condition.

© 2009-2016 Microchip Technology Inc. DS40001365F-page 47
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5.0 DATA EEPROM MEMORY

The data EEPROM is a nonvolatile memory array,
separate from the data RAM and program memory,
which is used for long-term storage of program data. It
is not directly mapped in either the register file or
program memory space but is indirectly addressed
through the Special Function Registers (SFRs). The
EEPROM is readable and writable during normal
operation over the entire VDD range.

Four SFRs are used to read and write to the data
EEPROM as well as the program memory. They are:

+ EECON1
« EECON2
+ EEDATA
+ EEADR

The data EEPROM allows byte read and write. When
interfacing to the data memory block, EEDATA holds
the 8-bit data for read/write and the EEADR register
holds the address of the EEPROM location being
accessed.

The EEPROM data memory is rated for high erase/write
cycle endurance. A byte write automatically erases the
location and writes the new data (erase-before-write).
The write time is controlled by an on-chip timer; it will
vary with voltage and temperature as well as from chip-
to-chip. Please refer to parameter US122 (Table 26-24)
for exact limits.

51 EEADR Register

The EEADR register is used to address the data
EEPROM for read and write operations. The 8-bit
range of the register can address a memory range of
256 bytes (00h to FFh).

5.2 EECON1 and EECON2 Registers

Access to the data EEPROM is controlled by two
registers: EECON1 and EECON2. These are the same
registers which control access to the program memory
and are used in a similar manner for the data
EEPROM.

The EECONT1 register (Register 5-1) is the control
register for data and program memory access. Control
bit EEPGD determines if the access will be to program
or data EEPROM memory. When the EEPGD bit is
clear, operations will access the data EEPROM
memory. When the EEPGD bit is set, program memory
is accessed.

Control bit, CFGS, determines if the access will be to
the Configuration registers or to program memory/data
EEPROM memory. When the CFGS bit is set,
subsequent operations access Configuration registers.
When the CFGS bit is clear, the EEPGD bit selects
either program Flash or data EEPROM memory.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear.

The WRERR bit is set by hardware when the WR bit is
set and cleared when the internal programming timer
expires and the write operation is complete.

Note:  During normal operation, the WRERR
may read as ‘1’. This can indicate that a
write  operation was  prematurely
terminated by a Reset, or a write

operation was attempted improperly.

The WR control bit initiates write operations. The bit
can be set but not cleared by software. Itis cleared only
by hardware at the completion of the write operation.

Note:  The EEIF interrupt flag bit of the PIR2
register is set when the write is complete.

It must be cleared by software.

Control bits, RD and WR, start read and erase/write
operations, respectively. These bits are set by firmware
and cleared by hardware at the completion of the
operation.

The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 4.1 “Table Reads
and Table Writes” regarding table reads.

The EECONZ2 register is not a physical register. It is
used exclusively in the memory write and erase
sequences. Reading EECON2 will read all ‘O’s.

DS40001365F-page 54
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7.6 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are two Peripheral
Interrupt Enable registers (PIE1 and PIE2). When IPEN
= 0, the PEIE bit must be set to enable any of these
peripheral interrupts.

REGISTER 7-6: PIE1l: PERIPHERAL INTERRUPT ENABLE (FLAG) REGISTER 1

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— ADIE RCIE TXIE SSPIE | CCP1IE ‘ TMR2IE TMR1IE
bit 7 bit 0
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
bit 7 Unimplemented: Read as ‘0’
bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5 RCIE: EUSART Receive Interrupt Enable bit

1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt

bit 4 TXIE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

bit 2 CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

© 2009-2016 Microchip Technology Inc. DS40001365F-page 67



PIC18(L)F1XK22

12.0 TIMER3 MODULE

The Timer3 module timer/counter incorporates these
features:

» Software selectable operation as a 16-bit timer or
counter

» Readable and writable 8-bit registers (TMR3H
and TMR3L)

A simplified block diagram of the Timer3 module is
shown in Figure 12-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 12-2.

The Timer3 module is controlled through the T3CON
register (Register 12-1). It also selects the clock source
options for the CCP modules (see Section 13.1.1
“CCP Module and Timer Resources” for more
information).

» Selectable clock source (internal or external) with
device clock or Timer1 oscillator internal options

* Interrupt-on-overflow
* Module Reset on CCP Special Event Trigger

REGISTER 12-1: T3CON: TIMER3 CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 = T3CKPS1 T3CKPSO T3CCP1 T3SYNC TMR3CS TMR3ON
bit 7 bit 0
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
bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations
bit 6 Unimplemented: Read as ‘0’
bit 5-4 T3CKPS<1:0>: Timer3 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T3CCP1: Timer3 and Timer1 to CCP1 Enable bits
1= Timer3 is the clock source for compare/capture of ECCP1
0 = Timer1 is the clock source for compare/capture of ECCP1
bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)
When TMR3CS =1;
1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMR3CS = 0;
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.

bit 1 TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timer1 oscillator or T13CKI (on the rising edge after the first
falling edge)
0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

DS40001365F-page 102 © 2009-2016 Microchip Technology Inc.
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14.3.2 OPERATION

The MSSP module functions are enabled by setting
SSPEN bit of the SSPCON1 register.

The SSPCON1 register allows control of the 1°C
operation. Four mode selection bits of the SSPCON1
register allow one of the following I2C modes to be
selected:
« I2C Master mode, clock = (FOSC/(4*(SSPADD + 1))
« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)
« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled
« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled
« 12C Firmware Controlled Master mode, slave is
Idle

Selection of any 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain,
provided these pins are programmed to inputs by
setting the appropriate TRIS bits

Note:  To ensure proper operation of the module,
pull-up resistors must be provided
externally to the SCL and SDA pins.

14.3.3 SLAVE MODE

In Slave mode, the SCL and SDA pins must be
configured as inputs. The MSSP module will override
the input state with the output data when required
(slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
Start and Stop bits

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

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

« The Buffer Full bit, BF bit of the SSPSTAT
register, is set before the transfer is received.

¢ The overflow bit, SSPOV bit of the SSPCON1
register, is set before the transfer is received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF of the PIR1 register is
set. The BF bit 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
MSSP module, are shown in Section 26.0 “Electrical
Specifications”.

14.3.3.1 Addressing

Once the MSSP 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 SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. MSSP Interrupt Flag bit, SSPIF of the PIR1
register, is set (interrupt is generated, if enabled)
on the falling edge of the ninth SCL pulse.

w

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W of the SSPSTAT register must specify
a write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘11110 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 through 9 for the
slave-transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and UA of the SSPSTAT register are set).

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

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

4. Receive second (low) byte of address (bits
SSPIF, BF and UA are set). If the address
matches then the SCL is held until the next step.
Otherwise the SCL line is not held.

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

6. Update the SSPADD register with the first (high)
byte of address. (This will clear bit UA and
release a held SCL line.)

7. Receive Repeated Start condition.

8. Receive first (high) byte of address with R/W bit
set (bits SSPIF, BF, R/W are set).

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

10. Load SSPBUF with byte the slave is to transmit,
sets the BF bit.

11. Set the CKP bit to release SCL.

DS40001365F-page 140
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15.1.24 Receive Interrupts

The RCIF interrupt flag bit of the PIR1 register is set
whenever the EUSART receiver is enabled and there is
an unread character in the receive FIFO. The RCIF
interrupt flag bit is read-only, it cannot be set or cleared
by software.

RCIF interrupts are enabled by setting the following
bits:

» RCIE interrupt enable bit of the PIE1 register

» PEIE peripheral interrupt enable bit of the
INTCON register

» GIE global interrupt enable bit of the INTCON
register

The RCIF interrupt flag bit will be set when there is an
unread character in the FIFO, regardless of the state of
interrupt enable bits.

15.1.2.5

Each character in the receive FIFO buffer has a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. The framing error status is accessed via the
FERR bit of the RCSTA register. The FERR bit
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RCREG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to the next character and the next
corresponding framing error.

The FERR bit can be forced clear by clearing the SPEN
bit of the RCSTA register which resets the EUSART.
Clearing the CREN bit of the RCSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Receive Framing Error

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RCREG will not clear the FERR bit.

15.1.2.6 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated If a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RCSTA register is set.
The characters already in the FIFO buffer can be read
but no additional characters will be received until the
error is cleared. The error must be cleared by either
clearing the CREN bit of the RCSTA register or by
resetting the EUSART by clearing the SPEN bit of the
RCSTA register.

15.1.2.7 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set, the EUSART
will shift nine bits into the RSR for each character
received. The RX9D bit of the RCSTA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the eight Least Significant bits
from the RCREG.

15.1.2.8

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by setting the ADDEN bit of the RCSTA
register.

Address Detection

Address detection requires 9-bit character reception.
When address detection is enabled, only characters
with the ninth data bit set will be transferred to the
receive FIFO buffer, thereby setting the RCIF interrupt
bit. All other characters will be ignored.

Upon receiving an address character, user software
determines if the address matches its own. Upon
address match, user software must disable address
detection by clearing the ADDEN bit before the next
Stop bit occurs. When user software detects the end of
the message, determined by the message protocol
used, software places the receiver back into the
Address Detection mode by setting the ADDEN bit.

DS40001365F-page 176
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TABLE 15-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
BAUDCON | ABDOVF | RCIDL DTRXP | CKTXP BRG16 — WUE ABDEN 247
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RABIE | TMROIF INTOIF RABIF 245
IPR1 — ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 248
PIE1 — ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 248
PIR1 — ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 248
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 247
SPBRG EUSART Baud Rate Generator Register, Low Byte 247
SPBRGH EUSART Baud Rate Generator Register, High Byte 247
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 248
TXREG EUSART Transmit Register 247
TXSTA CSRC | Tx9 | TXEN | SYNC | SENDB | BRGH | TRMT | TXoD 247
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
15.4.1.6  Synchronous Master Reception 15.4.1.7  Slave Clock

Data is received at the RX/DT pin. The RX/DT pin
output driver must be disabled by setting the
corresponding TRIS bits when the EUSART is
configured for synchronous master receive operation.

In Synchronous mode, reception is enabled by setting
either the Single Receive Enable bit (SREN of the
RCSTA register) or the Continuous Receive Enable bit
(CREN of the RCSTA register).

When SREN is set and CREN is clear, only as many
clock cycles are generated as there are data bits in a
single character. The SREN bit is automatically cleared
at the completion of one character. When CREN is set,
clocks are continuously generated untii CREN is
cleared. If CREN is cleared in the middle of a character
the CK clock stops immediately and the partial
character is discarded. If SREN and CREN are both
set, then SREN is cleared at the completion of the first
character and CREN takes precedence.

To initiate reception, set either SREN or CREN. Data is
sampled at the RX/DT pin on the trailing edge of the
TX/CK clock pin and is shifted into the Receive Shift
Register (RSR). When a complete character is
received into the RSR, the RCIF bit is set and the
character is automatically transferred to the two
character receive FIFO. The Least Significant eight bits
of the top character in the receive FIFO are available in
RCREG. The RCIF bit remains set as long as there are
unread characters in the receive FIFO.

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device configured
as a slave receives the clock on the TX/CK line. The
TX/CK pin output driver must be disabled by setting the
associated TRIS bit when the device is configured for
synchronous slave transmit or receive operation. Serial
data bits change on the leading edge to ensure they are
valid at the trailing edge of each clock. One data bit is
transferred for each clock cycle. Only as many clock
cycles should be received as there are data bits.

15.4.1.8

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before RCREG is read to access
the FIFO. When this happens the OERR bit of the
RCSTA register is set. Previous data in the FIFO will
not be overwritten. The two characters in the FIFO
buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear then the error is cleared by reading
RCREG. If the overrun occurred when the CREN bit is
set then the error condition is cleared by either clearing
the CREN bit of the RCSTA register or by clearing the
SPEN bit which resets the EUSART.

Receive Overrun Error
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REGISTER 17-3:

CMCONO: COMPARATOR 2 CONTROL REGISTER 1

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
MC10UT MC20UT C1RSEL C2RSEL C1HYS C2HYS C1SYNC C2SYNC
bit 7 bit 0
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
bit 7 MC1OUT: Mirror Copy of C10UT bit
bit 6 MC20UT: Mirror Copy of C20UT bit
bit 5 C1RSEL: Comparator C1 Reference Select bit
1 = FVR routed to C1VREF input
0 = CVREF/DAC10UT routed to C1VREF input
bit 4 C2RSEL: Comparator C2 Reference Select bit
1 = FVR routed to C2VREF input
0 = CVREF/DAC10UT routed to C2VREF input
bit 3 C1HYS: Comparator C1 Hysteresis Enable bit
1= Comparator C1 hysteresis enabled
0 = Comparator C1 hysteresis disabled
bit 2 C2HYS: Comparator C2 Hysteresis Enable bit
1= Comparator C2 hysteresis enabled
0 = Comparator C2 hysteresis disabled
bit 1 C1SYNC: C1 Output Synchronous Mode bit
1= C1 outputis synchronous to rising edge to TMR1 clock
0 = C1 output is asynchronous
bit 0 C2SYNC: C2 Output Synchronous Mode bit

1= C2 output is synchronous to rising edge to TMR1 clock

0 = C2 output is asynchronous
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19.0 SR LATCH

The module consists of a single SR latch with multiple
Set and Reset inputs as well as selectable latch output.
The SR latch module includes the following features:

* Programmable input selection

* SR latch output is available internally/externally
+ Selectable Q and Q output

» Firmware Set and Reset

* SR Latch

19.1 Latch Operation

The latch is a Set-Reset latch that does not depend on a
clock source. Each of the Set and Reset inputs are
active-high. The latch can be Set or Reset by CxOUT,
INT1 pin, or variable clock. Additionally the SRPS and
the SRPR bits of the SRCONO register may be used to
Set or Reset the SR latch, respectively. The latch is
reset-dominant, therefore, if both Set and Reset inputs
are high the latch will go to the Reset state. Both the
SRPS and SRPR bits are self resetting which means
that a single write to either of the bits is all that is
necessary to complete a latch Set or Reset operation.

FIGURE 19-1:

19.2 Latch Output

The SRQEN and SRNQEN bits of the SRCONO register
control the latch output selection. Both of the SR latch’s
outputs may be directly output to an independent I/O
pin. Control is determined by the state of bits SRQEN
and SRNQEN in registers SRCONO.

The applicable TRIS bit of the corresponding port must
be cleared to enable the port pin output driver.

19.3 Effects of a Reset

Upon any device Reset, the SR latch is not initialized.
The user’s firmware is responsible to initialize the latch
output before enabling it to the output pins.

SR LATCH SIMPLIFIED BLOCK DIAGRAM

SRPS Pulse
Gen@

INT H
SRSPE

SRCLK
SRSCKE

SYNCC20UTH#)—
SRsczEJ >
SYNCC1OUT(4):D7

SRSC1E
SRPR Pulse
Gen®@

’—C':SRLEN
SRQEN

SR
Latch(®

Py
Ol

|
Q e @ SRQ pin®

PX| SRNQ pin@®

SYNCC20UTH——
SRRczE—l )
SYNCC1OUT(4):D7

SRRC1E

INT1 H —D»
SRRPE
SRRPE :D_1:‘
SRRCKE

Note 1: IfR=1andS =1 simultaneously, Q =0, Q=1
2:  Pulse generator causes a 2 Q-state pulse width.
3:  Output shown for reference only. See I/O port pin block diagram for more detail.
4: Name denotes the source of connection at the comparator output.

l_C':SRLEN
SRNQEN
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FIGURE 21-1: DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM
r— = — — — — — — q
| Digital-to-Analog Converter (DAC) |
Reserved —I— |
FVR1BUF1 ———
VREF+ |X|_r l DAC1R<4:0>
5 I
VDD
| RS |
2 D
R 1111 |
D1PSS<1:0>
| 11110 |
DIEN —— R |
D1LPS | |
| x |
32 . . g
| Steps L e e = DAC Output
| L. e Ie) | (to Comparators and
N ADC Modules)
I R e I
R I
| R 00001 CVREF/DAC10UT
| 00000 L
DINSS | | DAC10E
I I
VREF- |X|—'— 1 [ Vsre |
Vss —|—ﬂ |
Lo 1
FIGURE 21-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
PIC® MCU
DAC
Module R IE . N
Voltage DAC1OLi _ > Buffered DAC Output
Reference
Output
Impedance
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TABLE 24-2: PIC18FXXXX INSTRUCTION SET

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 0Ol1lda ffff ffff |C,DC,Z, OV,N [1,2
ADDWFC f,d,a |Add WREG and CARRY bit to f 1 0010 OOda ffff ffff |C,DC,Z OV,N |1,2
ANDWF f,d,a |AND WREG with f 1 0001 0Olda ffff ffff [Z N 1,2
CLRF f,a Clear f 1 0110 101a ffff ffff |Z 2
COMF f,d,a |Complement f 1 0001 1ida ffff ffff |Z,N 1,2
CPFSEQ f,a Compare f with WREG, skip = 1(20r3)| 0110 001a ffff ffff [None 4
CPFSGT f,a Compare f with WREG, skip > 1(20or3)| 0110 010a ffff ffff [None 4
CPFSLT f,a Compare f with WREG, skip < 1(2o0r3)| 0110 000a ffff ffff |None 1,2
DECF f,d, a |Decrement f 1 0000 0Olda ffff ffff |C,DC,Z OV,N (1,234
DECFSZ f,d, a |Decrement f, Skip if 0 1(2o0r3)| 0010 11da ffff ffff |None 1,2,3,4
DCFSNZ f,d,a |Decrementf, Skip if Not 0 1(2o0r3)| 0100 11da ffff ffff |None 1,2
INCF f,d,a |Incrementf 1 0010 10da ffff ffff |C,DC,Z OV,N (1,234
INCFSZ f,d,a |Incrementf, Skip if 0 1(20or3)| 0011 11da ffff ffff [None 4
INFSNZ f,d, a |Increment f, Skip if Not 0 1(2o0r3)| 0100 10da ffff ffff |None 1,2
IORWF f,d,a |Inclusive OR WREG with f 1 0001 00da ffff ffff [Z N 1,2
MOVF f,d,a |Move f 1 0101 00da ffff ffff [Z N 1
MOVFF fs, gy |Move fg (source)to 1st word 2 1100 ffff ffff ffff [None
fq (destination) 2nd word 1111 ffff frff ffff
MOVWF  f a Move WREG to f 1 0110 111a ffff ffff |[None
MULWF f,a Multiply WREG with f 1 0000 001a ffff ffff |None 1,2
NEGF f,a Negate f 1 0110 110a ffff ffff |C,DC,Z OV,N
RLCF f, d, a |Rotate Left f through Carry 1 0011 0Oilda ffff ffff |C,Z N 1,2
RLNCF f, d, a |Rotate Left f (No Carry) 1 0100 0O1lda ffff ffff |Z,N
RRCF f, d, a |Rotate Right f through Carry 1 0011 O0O0da ffff ffff |C,Z N
RRNCF f, d, a |Rotate Right f (No Carry) 1 0100 00da ffff ffff [Z N
SETF f,a Set f 1 0110 100a ffff ffff |None 1,2
SUBFWB f,d,a |[Subtractffrom WREG with 1 0101 0Ol1lda ffff ffff |C,DC,Z OV,N
borrow
SUBWF f,d,a |Subtract WREG from f 1 0101 1ida ffff ffff |C,DC,Z OV,N |1,2
SUBWFB f,d,a |[Subtract WREG from f with 1 0101 10da ffff ffff |C,DC,Z OV,N
borrow

SWAPF f,d,a |Swap nibbles in f 1 0011 10da ffff ffff |None
TSTFSZ f,a Test f, skip if 0 1(20r3)| 0110 01l1la ffff ffff [None 1,2
XORWF f,d, a |Exclusive OR WREG with f 1 0001 10da ffff ffff [Z N

Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an
external device, the data will be written back with a ‘0’.

2: If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if
assigned.

3:  If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.

4:  Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless the
first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program memory
locations have a valid instruction.
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BTG Bit Toggle f BOV Branch if Overflow
Syntax: BTG f, b {,a} Syntax: BOV n
Operands: 0<f<255 Operands: -128 <n <127
0<b<7 Operation: if OVERFLOW bit is ‘1’
aclol] (PC)+ 2 +2n - PC
Operation: (f<b>) — f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0100 ‘ nnnn | nnnn ‘
Encoding: | 0111 [ bbba | fff [ ffff | Description: If the OVERFLOW bit is ‘L', then the
Description: Bit ‘b’ in data memory location f’ is program will branch.
inverted. The 2’'s complement number ‘2n’ is
If ‘@’ is ‘0’, the Access Bank is selected. added to the PC. Since the PC will have
If ‘a’is ‘1’, the BSR is used to select the incremented to fetch the next
GPR bank (default). instruction, the new address will be
If ‘a’ is ‘0’ and the extended instruction PC + 2 + 2n. This instruction is then a
set is enabled, this instruction operates 2-cycle instruction.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 24.2.3 “Byte-Oriented and Cycles: 1(2)
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. If Jump:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read literal Process Write to PC
Q Cycle Activit n Data
cle Activity:
y ¥ No No No No
Q1 Q2 Q3 Q4 operation operation operation operation
Decode Read Process Write If No Jump:
register ‘f Data register ‘f’ Q1 Q Q3 Q4
Decode Read literal Process No
Example: BTG PORTC, 4, 0 ‘n Data operation
Before Instruction:
PORTC. = 0111 0101 [75h] Exambple: HERE BOV Junp
After Instruction: ]
PORTC = 0110 0101 [65h] Before Instruction
PC = address ( HERE)
After Instruction
If OVERFLOW = 1;
PC = address (Junp)
If OVERFLOW =  0;
PC = address (HERE + 2)
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MOVLW Move literal to W MOVWF Move W to f

Syntax: MOVLW k Syntax: MOVWF  f{,a}

Operands: 0<k<255 Operands: 0<f<255

Operation: k—> W ae[0.1]

Status Affected: None Operation: (W)~ f

Encoding: | 0000 [ 1110 | kkkk | kkkk | Status Affected:  None

Description: The 8-bit literal 'k’ is loaded into W. Encoding: | 0110 ‘ 111a ‘ ffef | fref |

Words: 1 Description: Move.data from W to register.‘f'.
Location ‘' can be anywhere in the

Cycles: 1 256-byte bank.

Q Cycle Activity: If ‘@’ is ‘0’, the Access Bank is selected.

If ‘a’is ‘1’, the BSR is used to select the

o Q2 Qs _Q4 GPR bank (default).
Decode . Read Process Write to W If ‘a’ is ‘0’ and the extended instruction
literal 'k’ Data set is enabled, this instruction operates
in Indexed Literal Offset Addressing
Example: MOVLW 5Ah mode whenever f <95 (5Fh). See

Section 24.2.3 “Byte-Oriented and

After Instruction Bit-Oriented Instructions in Indexed

w = 5Ah Literal Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f Data register ‘f’
Example: MOVWF REG O
Before Instruction
w = 4Fh
REG = FFh
After Instruction
w = 4Fh
REG = 4Fh
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FIGURE 26-1: PIC18F1XK22 VOLTAGE FREQUENCY GRAPH, -40°C < TA <+85°C
55
3.6
S
a 30
o)
>
2.3
0 10 20 40 48 64

Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
2: Refer to Table 26-13 for each Oscillator mode’s supported frequencies.

FIGURE 26-2: PIC18F1XK22 VOLTAGE FREQUENCY GRAPH, -40°C < TA £ +125°C
55
3.6
S
a 30
a
>
23
0 10 20 40 48 64

Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
2: Refer to Table 26-13 for each Oscillator mode’s supported frequencies.
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TABLE 26-3: RC IDLE SUPPLY CURRENT

PIC18LE1XK?22 Standard Operating Conditions (unless otherwise stated)
PIC18F1XK22 Standard Operating Conditions (unless otherwise stated)
Pall\zzlm. Device Characteristics Typ. | Max. | Units Conditions
D011 Supply Current (Ibp)-245 | 2 5 BA -40°C
2 6 pA +25°C
VbD = 1.8V
3 9 pA +85°C @
8 1 uA +125°C Fosc = 31 kHz
S (RC_IDLE mode,
DOM1A 4 8 HA -40°C LFINTOSC source)
4 10 pA +25°C
VDD = 3.0V
5 13 pA +85°C
8 15 pA +125°C
D011 20 28 pA -40°C
21 5] pA +25°C
VbD = 2.3V
23 41 pA +85°C
24 50 pA +125°C
DO11A 23 35 pA -40°C
- 4
25 | 20 | A +25°C Fosc = 31 kHz®
S VbD = 3.0V (RC_IDLE mode,
28 46 HA +85°C LFINTOSC source)
30 65 pA +125°C
D011B 28 43 pA -40°C
30 48 pA +25°C
VDD = 5.0V
32 51 pA +85°C
33 71 pA +125°C
D012 0.30 | 0.45 mA | -40°C to +125°C VDD = 1.8V Fosc =1 MHz
(RC_IDLE mode,
D012A 0.45 | 0.60 mA | -40°C to +125°C VDD = 3.0V HF-INTOSC source)
D012 0.32 | 045 mA | -40°C to +125°C VDD = 2.3V Fosc = 1 MHz
D012A 0.47 | 0.62 mA | -40°C to +125°C VDD = 3.0V (RC_IDLE mode,
DO12B 063 | 078 | mA | -40°Cto+125°C | vop=50v | HFINTOSC source)
D013 0.89 | 1.20 mA | -40°C to +125°C VoD = 1.8V Fosc = 16 MHz
(RC_IDLE mode,
D013A 145 | 2.00 mA | -40°C to +125°C VDD = 3.0V HF-INTOSC source)
D013 1.10 | 1.50 mA | -40°C to +125°C VDD = 2.3V Fosc = 16 MHz
D013A 1.45 | 2.00 mA | -40°C to +125°C VDD = 3.0V (RC_IDLE mode,
DO13B 153 | 220 | mA | -40°Cto+125°C | vop=50v | HF-INTOSC source)
*  These parameters are characterized but not tested.
Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from
rail-to-rail; all I/O pins tri-stated, pulled to VbD; MCLR = VbD; WDT disabled.

2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current
consumption.

3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kQ.

4:  FVR and BOR are disabled.

5:  When a single temperature range is provided for a parameter, the specification applies to both industrial and extended

temperature devices.
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FIGURE 26-17: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)
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Note: Refer to Figure 26-7 for load conditions.

FIGURE 26-18: SPI MASTER MODE TIMING (CKE =1, SMP = 1)
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Note: Refer to Figure 26-7 for load conditions.
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28.2 Package Details

The following sections give the technical details of the packages.

20-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

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

N
sl e e e T e Y o Y o s s B

zZ
(@)
=
4
|- m

— || D — | e |—-— eB
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 20
Pitch e .100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 .130 195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .980 1.030 1.060
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-019B
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PRODUCT IDENTIFICATION SYSTEM

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

Tape and Reel
Option:

Temperature
Range:

Package:

Pattern:

PIC18F14K22, PIC18LF14K22

Blank = standard packaging (tube or tray)
T = Tape and Reel® @

E = -40°Cto +125°C (Extended)
| = -40°Cto +85°C  (Industrial)
ML = QFN
P = PDIP
SO = SoOIC
SS = SSOP

QTP, SQTP, Code or Special Requirements
(blank otherwise)

PART NO. L)fl(z) . 1>g /_>|<L XXX
Device Tape and Reel Temperature Package Pattern
Option Range
Device: PIC18F13K22, PIC18LF13K22

Examples:

a) PIC18F14K22-E/P 301 = Extended temp.,
PDIP package, QTP pattern #301.

b)  PIC18LF14K22-E/SO = Extended temp., SOIC
package.

c) PIC18LF14K22-E/ML = Extended temp., QFN
package.

d) PIC18F13K22T-I/SS = Industrial temp., SSOP
package, Tape and Reel.

Note 1:

Tape and Reel option is available for ML,
MV, PT, SO and SS packages with industrial
Temperature Range only.

Tape and Reel identifier only appears in
catalog part number description. This
identifier is used for ordering purposes and
is not printed on the device package.
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