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PIC18(L)F2X/4XK22

5.1.2.3 PUSH and POP Instructions

Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack without disturbing normal program execution
is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POR, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by
decrementing the Stack Pointer. The previous value
pushed onto the stack then becomes the TOS value.

5.2 Register Definitions: Stack Pointer
REGISTER 5-1:  STKPTR: STACK POINTER REGISTER
R/C-0 R/C-0 u-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
STKFUL®W | STKUNF® | — \ STKPTR<4:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented
‘0’ = Bit is cleared

C = Clearable only bit
X = Bit is unknown

bit 7 STKFUL: Stack Full Flag bit®
1 = Stack became full or overflowed
0 = Stack has not become full or overflowed
bit 6 STKUNF: Stack Underflow Flag bit®®
1 = Stack Underflow occurred
0 = Stack Underflow did not occur
bit 5 Unimplemented: Read as ‘0’
bit 4-0 STKPTR<4:0>: Stack Pointer Location bits
Note 1. Bit7 and bit 6 are cleared by user software or by a POR.
5.2.0.1 Stack Full 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 STKFUL or
STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKFUL or STKUNF bit but not cause
a device Reset. The STKFUL or STKUNF bits are
cleared by the user software or a Power-on Reset.

521 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 5-1 shows a source code example that uses
the fast register stack during a subroutine call and
return.

© 2010-2016 Microchip Technology Inc.
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FIGURE 5-8: DATA MEMORY MAP FOR PIC18(L)F26K22 AND PIC18(L)F46K22 DEVICES
BSR<3:0> Data Memory Map When'a’ = 0:
The BSR is ignored and the
- 0000 00h Access RAM 8(;'(22 Acce.ss Bank is used.
Bank0O | — — — — 060h The first 96 bytes are
EEh GPR OFFh general purpose RAM
=0001 00h 100h (from Bank 0).
» Bank 1 GPR The second 160 bytes are
FFh 1FFh Special Function Registers
=0010 00h 200h (from Bank 15).
Bank 2 GPR
FFh 2FFh When ‘a’ = 1:
- 300h
= 0011 Bank 3 00h GPR The BSR specifies the Bank
FFh 3FFh used by the instruction.
- 00h 400h
FFh 4FFh
= 0101 00h 500h
Bank 5 GPR
EEh 5FFh
=0110 00h 600h
Bank 6 GPR
EFh 6EFh Access Bank
= 0111 00h 7oon A ram Low| 2"
ccess ow
Bank 7 GPR | P 5Eh
FFh 7FFh Access RAM High| 60h
= 00h 800h (SFRs)
1000 Bank 8 GPR FFh
FFh 8FFh
=1001 00h 900h
Bank 9 GPR
FFh 9FFh
— 00h AOOh
EEh AFFh
= 00h BOOh
1011 Bank 11 GPR
FFh BFFh
- CO0h
=1100 Bank 12 00h -
FFh CFFh
= DOOh
1101 Bank 13 00h GPR
DFFh
FFh
=1110 00h EOOh
Bank 14 GPR
Sgﬁ FOOh
L » Bank15 - — 1 7F38h
SFR® F5Fh Note 1: Addresses F38h through F5Fh are
______ F60h also used by SFRs, but are not
part of the Access RAM. Users
SFR must always use the complete
address or load the proper BSR
EFh FEFh value to access these registers.

© 2010-2016 Microchip Technology Inc.
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9.0 INTERRUPTS

The PIC18(L)F2X/4XK22 devices have multiple
interrupt sources and an interrupt priority feature that
allows most interrupt sources to be assigned a high or
low priority level (INTO does not have a priority bit, it is
always a high priority). The high priority interrupt vector
is at 0008h and the low priority interrupt vector is at
0018h. A high priority interrupt event will interrupt a low
priority interrupt that may be in progress.

There are 19 registers used to control interrupt
operation.

These registers are:

* INTCON, INTCONZ2, INTCON3
* PIR1, PIR2, PIR3, PIR4, PIR5
* PIE1, PIE2, PIE3, PIE4, PIES
* IPR1, IPR2, IPR3, IPR4, IPR5
* RCON

It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

In general, interrupt sources have three bits to control
their operation. They are:

» Flag bit to indicate that an interrupt event
occurred

« Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

 Priority bit to select high priority or low priority

9.1 Mid-Range Compatibility

When the IPEN bit is cleared (default state), the interrupt
priority feature is disabled and interrupts are compatible
with  PIC® microcontroller mid-range devices. In
Compatibility mode, the interrupt priority bits of the IPRx
registers have no effect. The PEIE/GIEL bit of the
INTCON register is the global interrupt enable for the
peripherals. The PEIE/GIEL bit disables only the
peripheral interrupt sources and enables the peripheral
interrupt sources when the GIE/GIEH bit is also set. The
GIE/GIEH bit of the INTCON register is the global
interrupt enable which enables all non-peripheral
interrupt sources and disables all interrupt sources,
including the peripherals. All interrupts branch to
address 0008h in Compatibility mode.

9.2 Interrupt Priority

The interrupt priority feature is enabled by setting the
IPEN bit of the RCON register. When interrupt priority
is enabled the GIE/GIEH and PEIE/GIEL global
interrupt enable bits of Compatibility mode are replaced
by the GIEH high priority, and GIEL low priority, global
interrupt enables. When set, the GIEH bit of the
INTCON register enables all interrupts that have their
associated IPRx register or INTCONX register priority
bit set (high priority). When clear, the GIEH bit disables
all interrupt sources including those selected as low
priority. When clear, the GIEL bit of the INTCON
register disables only the interrupts that have their
associated priority bit cleared (low priority). When set,
the GIEL bit enables the low priority sources when the
GIEH bit is also set.

When the interrupt flag, enable bit and appropriate
Global Interrupt Enable (GIE) bit are all set, the
interrupt will vector immediately to address 0008h for
high priority, or 0018h for low priority, depending on
level of the interrupting source’s priority bit. Individual
interrupts can be disabled through their corresponding
interrupt enable bits.

9.3 Interrupt Response

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. The
GIE/GIEH bit is the Global Interrupt Enable when the
IPEN bit is cleared. When the IPEN bit is set, enabling
interrupt priority levels, the GIEH bit is the high priority
global interrupt enable and the GIEL bit is the low
priority Global Interrupt Enable. High priority interrupt
sources can interrupt a low priority interrupt. Low
priority interrupts are not processed while high priority
interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits in the INTCONx and PIRx
registers. The interrupt flag bits must be cleared by
software before re-enabling interrupts to avoid
repeating the same interrupt.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine and sets the GIE/GIEH bit (GIEH
or GIEL if priority levels are used), which re-enables
interrupts.

For external interrupt events, such as the INT pins or
the PORTB interrupt-on-change, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one-cycle or two-cycle
instructions. Individual interrupt flag bits are set,
regardless of the status of their corresponding enable
bits or the Global Interrupt Enable bit.

DS40001412G-page 106
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TABLE 10-8: PORTC I/O SUMMARY (CONTINUED)

Pin Name Function TR.IS ANS.EL Pin Buffer Description
Setting | setting Type | Type
RC5/SDO1/AN17 RC5 0 0 o DIG |LATC<5> data output; not affected by analog input.
1 0 | ST PORTC<5> data input; disabled when analog input
enabled.
SDO1 0 0 O DIG |MSSP1 SPI data output.
AN17 1 1 | AN | Analog input 17.
RC6/P3A/CCP3/TX1/ RC6 0 0 (0] DIG |LATC<6> data output; not affected by analog input.
CKL/AN18 1 0 | ST | PORTC<6> data input; disabled when analog input
enabled.
P3A@. 0 0 O | CMOS |Enhanced CCP3 PWM output 1.
ccp3®@. @) 0 0 o) DIG |Compare 3 output/PWM 3 output.
1 0 | ST Capture 3 input.
X1 1 0 (0] DIG | EUSART asynchronous transmit data output.
CK1 1 0 (0] DIG | EUSART synchronous serial clock output.
1 0 | ST EUSART synchronous serial clock input.
AN18 1 1 | AN | Analog input 18.
RC7/P3B/RX1/DT1/ RC7 0 0 (0] DIG |LATC<7> data output; not affected by analog input.
AN19 1 0 | ST | PORTC<7> data input; disabled when analog input
enabled.
P3B 0 0 (0] CMOS | Enhanced CCP3 PWM output 2.
RX1 1 0 | ST EUSART asynchronous receive data in.
DT1 1 0 (0] DIG | EUSART synchronous serial data output.
1 0 | ST EUSART synchronous serial data input.
AN19 1 1 | AN | Analog input 19.

Legend: AN = Analog input or output; TTL = TTL compatible input; HV = High Voltage; OD = Open Drain; XTAL = Crystal; CMOS =
CMOS compatible input or output; ST = Schmitt Trigger input with CMOS levels; I2C = Schmitt Trigger input with 12C.
Note 1: Default pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are set.
2:  Alternate pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are clear.
3:  Function on PORTD and PORTE for PIC18FXXK22 devices.

© 2010-2016 Microchip Technology Inc.
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1441

HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the CCPx/PxA pin, while the complementary PWM
output signal is output on the PxB pin (see Figure 14-9).
This mode can be used for half-bridge applications, as
shown in Figure 14-9, or for full-bridge applications,
where four power switches are being modulated with
two PWM signals.

In Half-Bridge mode, the programmable dead-band delay
can be used to prevent shoot-through current in half-
bridge power devices. The value of the PDC<6:0> bits of
the PWMxCON register sets the number of instruction
cycles before the output is driven active. If the value is
greater than the duty cycle, the corresponding output

remains
Section 14.4.5
Mode”
operations.

FIGURE 14-9:

inactive  during

the entire

cycle.

See

“Programmable Dead-Band Delay

EXAMPLE OF HALF-BRIDGE APPLICATIONS

for more details of the dead-band delay

Since the PxA and PxB outputs are multiplexed with the
PORT data latches, the associated TRIS bits must be
cleared to configure PxA and PxB as outputs.

EXAMPLE OF HALF-
BRIDGE PWM OUTPUT

FIGURE 14-8:

Period Period

| Pulse Width

1t

td = Dead-Band Delay

Note 1: At this time, the TMRX register is equal to the
PRXx register.

2: Output signals are shown as active-high.

Standard Half-Bridge Circuit (“Push-Pull”)

Half-Bridge Output Driving a Full-Bridge Circuit

PxA

PxB

FET
Driver +
™~ | —
PxA I/ |t el
Load
FET
Driver +
™S e =
PxB l/ |t —
V+
FET ' FET
Driver Driver
™S I | 1
L I gl ~ -
M oad |
FET 1Load | FET
Driver Driver
™~ |t Y
L~ 116 |
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FIGURE 14-11: EXAMPLE OF FULL-BRIDGE PWM OUTPUT

Forward Mode

| Period | .
. - 1
PxA® | | | |
| Pulse Width ! : \
le——m——»
I | I !
PxB® I | I !
T T T T
I I I I
I I I I
pxc® I | I |
1 T [ T
I I I I
I I I I

0@ [ ] ]

| |
(1) | | 1(1)

Reverse Mode

Period

I Pulse Width
—————

PxA®@ !

- |
Px8@ I E—

PxC@

PxD®

()

Note 1: At this time, the TMRX register is equal to the PRXx register.
2: Output signal is shown as active-high.
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FIGURE 15-4:

SPI MASTER AND MULTIPLE SLAVE CONNECTION

SCLK

SPI Master

SDOx
SDIX |-

General I/O

- SCLK
B SDIx  spI Slave
SDOx #1

B> SSx

General I/O
General I/O

SCLK

SDIX  sPp| Slave
SDOX #2

SSx

_>

-

L
—» SCLK

L

—— SDOX #3

SDIX  SPI Slave

| SSx

15.2.1 SPI MODE REGISTERS

The MSSPx module has five registers for SPI mode
operation. These are:

* MSSPx STATUS register (SSPxSTAT)

* MSSPx Control register 1 (SSPxCON1)
* MSSPx Control register 3 (SSPxCON3)
* MSSPx Data Buffer register (SSPxBUF)
* MSSPx Address register (SSPxXADD)

* MSSPx Shift register (SSPxSR)
(Not directly accessible)

SSPXCON1 and SSPxSTAT are the control and
STATUS registers in SPlI mode operation. The
SSPXCONL1 register is readable and writable. The
lower 6 bits of the SSPxSTAT are read-only. The upper
two bits of the SSPXSTAT are read/write.

In one SPI Master mode, SSPxADD can be loaded
with a value used in the Baud Rate Generator. More
information on the Baud Rate Generator is available in
Section 15.7 “Baud Rate Generator”.

SSPxSR is the shift register used for shifting data in
and out. SSPxBUF provides indirect access to the
SSPxXSR register. SSPxBUF is the buffer register to
which data bytes are written, and from which data
bytes are read.

In receive operations, SSPxSR and SSPxBUF
together create a buffered receiver. When SSPxSR
receives a complete byte, it is transferred to SSPxBUF
and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not buffered. A
write to SSPxBUF will write to both SSPxBUF and
SSPxSR.

15.2.2 SPI MODE OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPXCON1<5:0> and SSPxSTAT<7:6>).
These control bits allow the following to be specified:

« Master mode (SCKXx is the clock output)

» Slave mode (SCKXx is the clock input)

» Clock Polarity (Idle state of SCKx)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCKX)

» Clock Rate (Master mode only)

» Slave Select mode (Slave mode only)

To enable the serial port, SSPx Enable bit, SSPXEN of
the SSPxCONL1 register, must be set. To reset or
reconfigure SPI mode, clear the SSPxEN bit,
re-initialize the SSPxCONX registers and then set the
SSPxEN bit. This configures the SDIx, SDOx, SCKx
and SSx pins as serial port pins. For the pins to behave
as the serial port function, some must have their data
direction bits (in the TRIS register) appropriately
programmed as follows:

» SDIx must have corresponding TRIS bit set
* SDOx must have corresponding TRIS bit cleared

* SCKx (Master mode) must have corresponding
TRIS bit cleared

» SCKXx (Slave mode) must have corresponding
TRIS bit set

» SSx must have corresponding TRIS bit set

DS40001412G-page 208
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FIGURE 15-22: I2C SLAVE, 10-BIT ADDRESS, TRANSMISSION (SEN = 0, AHEN = 0, DHEN = 0)

Master sends

Master sends Stop condition
Restart event Master sends
not ACK
# N

Receiving Address R/w =0 Receiving Second Address Byte T ‘. Receive First Address Byte Transmitting Data Byte  ACK=1'"""
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" 1 —

L A High address is loaded
UA indicates SSPXAD ' After SSPXADD is back into SSPXADD
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When R/W = 1; ‘ I—l Set by software
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15.6.5 1°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition (Figure 15-27) occurs when
the RSEN bit of the SSPxCON2 register is
programmed high and the master state machine is no
longer active. When the RSEN bit is set, the SCLx pin
is asserted low. When the SCLx pin is sampled low, the
Baud Rate Generator is loaded and begins counting.
The SDAX pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDAXx is sampled high, the SCLx
pin will be deasserted (brought high). When SCLx is
sampled high, the Baud Rate Generator is reloaded
and begins counting. SDAx and SCLx must be
sampled high for one TBRG. This action is then followed
by assertion of the SDAX pin (SDAXx = 0) for one TBRG
while SCLx is high. SCLx is asserted low.

FIGURE 15-27:

REPEAT START CONDITION WAVEFORM

Following this, the RSEN bit of the SSPxCON2 register
will be automatically cleared and the Baud Rate
Generator will not be reloaded, leaving the SDAX pin
held low. As soon as a Start condition is detected on the
SDAx and SCLx pins, the S bit of the SSPxSTAT
register will be set. The SSPxIF bit will not be set until
the Baud Rate Generator has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

» SDAXx is sampled low when SCLx
goes from low-to-high.

* SCLx goes low before SDAX is
asserted low. This may indicate
that another master is attempting to
transmit a data ‘1".

Write to SSPXCON2
occurs here

SDAX y

SDAx =1, SDAXf L hardware clears RSEN bit
SCLx (no change) SCLx = 1 1 and sets SSPxIF
jTBRG*+ TBRG 1+ TBRG
. - - .

TBRG

Repeated Start

S bit set by hardware

At completion of Start bit,

1st bit X
[

| | : Write to SSPxBUF occurs here

Sr '
Lo fTBRG

DS40001412G-page 238
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17.1 ADC Configuration

When configuring and using the ADC the following
functions must be considered:

 Port configuration

» Channel selection

* ADC voltage reference selection

» ADC conversion clock source

* Interrupt control

» Results formatting

1711 PORT CONFIGURATION

The ANSELx and TRISx registers configure the A/D
port pins. Any port pin needed as an analog input
should have its corresponding ANSx bit set to disable
the digital input buffer and TRISx bit set to disable the
digital output driver. If the TRISx bit is cleared, the
digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
ANSX bits and the TRIS bits.

Note 1: When reading the PORT register, all pins
with their corresponding ANSXx bit set
read as cleared (a low level). However,
analog conversion of pins configured as
digital inputs (ANSx bit cleared and
TRISx bit set) will be accurately
converted.

2: Analog levels on any pin with the corre-
sponding ANSXx bit cleared may cause
the digital input buffer to consume current
out of the device’s specification limits.

3: The PBADEN bit in Configuration
Register 3H configures PORTB pins to
reset as analog or digital pins by
controlling how the bits in ANSELB are
reset.

17.1.2 CHANNEL SELECTION

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 17.2
“ADC Operation” for more information.

17.1.3 ADC VOLTAGE REFERENCE

The PVCFG<1:0> and NVCFG<1:0> bhits of the
ADCONL1 register provide independent control of the
positive and negative voltage references.

The positive voltage reference can be:
* VDD

« the fixed voltage reference (FVR BUF2)
e an external voltage source (VREF+)

The negative voltage reference can be:
* Vss
» an external voltage source (VREF-)

17.1.4 SELECTING AND CONFIGURING
ACQUISITION TIME

The ADCON2 register allows the user to select an
acquisition time that occurs each time the GO/DONE
bit is set.

Acquisition time is set with the ACQT<2:0> bits of the
ADCON2 register. Acquisition delays cover a range of
2 to 20 Tap. When the GO/DONE bit is set, the A/D
module continues to sample the input for the selected
acquisition time, then automatically begins a
conversion. Since the acquisition time is programmed,
there is no need to wait for an acquisition time between
selecting a channel and setting the GO/DONE bit.

Manual acquisition is selected when
ACQT<2:0>=000. When the GO/DONE bhit is set,
sampling is stopped and a conversion begins. The user
is responsible for ensuring the required acquisition time
has passed between selecting the desired input
channel and setting the GO/DONE bit. This option is
also the default Reset state of the ACQT<2:0> bits and
is compatible with devices that do not offer
programmable acquisition times.

In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. When an acquisition time is programmed, there
is no indication of when the acquisition time ends and
the conversion begins.

© 2010-2016 Microchip Technology Inc.
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17.3 Register Definitions: ADC Control

Note:  Analog pin control is determined by the
ANSELX registers (see Register 10-2)

REGISTER 17-1: ADCONO: A/D CONTROL REGISTER O

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— CHS<4:0> GO/DONE ADON
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’ = Bitis cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-2 CHS<4:0>: Analog Channel Select bits
00000 = ANO
00001 = AN1
00010 = AN2
00011 = AN3
00100 = AN4

00101 = AN5(
00110 = AN6W
00111 = AN7®D
01000 = AN8
01001 = AN9
01010 = AN10
01011 = AN11
01100 = AN12
01101 = AN13
01110 = AN14
01111 = AN15
10000 = AN16
10001 = AN17
10010 = AN18
10011 = AN19
10100 = AN20®)
10101 = AN21®)
10110 = AN22(
10111 = AN23®)
11000 = AN24()
11001 = AN25()
11010 = AN26()
11011 = AN27()

11100 = Reserved

11101 =CTMU

11110 = DAC

11111 = FVR BUF2 (1.024V/2.048V/2.096V Volt Fixed Voltage Reference)®@
bit 1 GO/DONE: A/D Conversion Status bit

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.

This bit is automatically cleared by hardware when the A/D conversion has completed.

0 = A/D conversion completed/not in progress
bit 0 ADON: ADC Enable bit

1 =ADC is enabled

0 = ADC is disabled and consumes no operating current

Note 1: Available on PIC18(L)F4XK22 devices only.
2:  Allow greater than 15 ps acquisition time when measuring the Fixed Voltage Reference.

© 2010-2016 Microchip Technology Inc. DS40001412G-page 295



PIC18(L)F2X/4XK22

REGISTER 24-2: CONFIG2L: CONFIGURATION REGISTER 2 LOW

u-0 u-0 u-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— — — BORV<1:0>(1) BOREN<1:0>(?) PWRTEN®
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-3 BORV<1:0>: Brown-out Reset Voltage bits®

11 = VBOR set to 1.9V nominal
10 = VBOR set to 2.2V nominal
01 = VBOR set to 2.5V nominal
00 = VBOR set to 2.85V nominal

bit 2-1 BOREN<1:0>: Brown-out Reset Enable bits(®
11 = Brown-out Reset enabled in hardware only (SBOREN is disabled)
10 = Brown-out Reset enabled in hardware only and disabled in Sleep mode
(SBOREN is disabled)
01 = Brown-out Reset enabled and controlled by software (SBOREN is enabled)
00 = Brown-out Reset disabled in hardware and software

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

Note 1: See Section 27.1 “DC Characteristics: Supply Voltage, PIC18(L)F2X/4XK22" for specifications.

2:  The Power-up Timer is decoupled from Brown-out Reset, allowing these features to be independently controlled.
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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 a<[01]
Status Affected: None Operation: W) > 1
Encoding: | 0000 [ 1110 [ kkkk | kkkk | Status Affected:  None
Description: The 8-bit literal 'k’ is loaded into W. Encoding: | 0110 ‘ 111a ‘ frff | frff |
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.
01 02 03 04 I(;;Dal’;sb:n’,kfhe BSR is used to select the
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
mode whenever f <95 (5Fh). See
Section 25.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed

Example: MOVLW 5Ah

After Instruction

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, 0
Before Instruction
w = 4Fh
REG = FFh
After Instruction
w = 4Fh
REG = 4Fh
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TABLE 27-8: PLL CLOCK TIMING SPECIFICATIONS

Pa’\:gm. Sym Characteristic Min Max Units Conditions
F10 Fosc |Oscillator Frequency Range 4 5 MHz |VDD < 2.7V,
-40°C to +85°C
4 4 MHz |VDD< 2.7V,
+85°C to +125°C
4 16 MHz |[2.7V <VDD,
-40°C to +85°C
4 12 MHz |[2.7V < VDD,
+85°C to +125°C
F11 Fsys | On-Chip VCO System Frequency 16 20 MHz |VDD< 2.7V,
-40°C to +85°C
16 16 MHz |VDD< 2.7V,
+85°C to +125°C
16 64 MHz |[2.7V <VDD,
-40°C to +85°C
16 48 MHz |[2.7V <VDD,
+85°C to +125°C
F12 tre PLL Start-up Time (Lock Time) — 2 ms

TABLE 27-9: AC CHARACTERISTICS:INTERNAL OSCILLATORS ACCURACY PIC18(L)F46K22

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA £ +125°C
Param. Characteristics Freq. Min Typt Max | Units Conditions
No. Tolerance
OA1 Internal Calibrated +2% — 16.0 — MHz |0°C <Ta<+60°C, VbD > 2.5V
HFINTOSC Frequency™ | 139 — | 160 | — | MHz |+60°C <Ta<+85°C, Voo > 2.5V
+ 5% — 16.0 — MHz |-40°C <TA<+125°C
OA2 Internal Calibrated +2% — 500 — kHz |0°C <Ta<+60°C, VDD > 2.5V
MFINTOSC Frequency™ | 4 394 — | 500 | — | KkHz |+60°C <Ta<+85°C, VoD > 2.5V
+ 5% — 500 — kHz |-40°C <Ta<+125°C
OA3 Internal Calibrated +20% — 31 — kHz [-40°C <Ta<+125°C
LFINTOSC Frequency?

T Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: To ensure these oscillator frequency tolerances, VDD and Vss must be capacitively decoupled as close to
the device as possible. 0.1 puF and 0.01 pF values in parallel are recommended.
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FIGURE 28-42: PIC18F2X/4XK22 TYPICAL Ipb: RC_IDLE HF-INTOSC
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FIGURE 28-43: PIC18F2X/4XK22 MAXIMUM IpD: RC_IDLE HF-INTOSC
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FIGURE 28-66: PIC18F2X/4XK22 TYPICAL Ipb: PRI_IDLE EC HIGH POWER
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FIGURE 28-67: PIC18F2X/4XK22 MAXIMUM Ipp: PRI_IDLE EC HIGH POWER
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FIGURE 28-82: PIC18(L)F2X/4XK22 TTL BUFFER INPUT HIGH VOLTAGE
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FIGURE 28-83: PIC18(L)F2X/4XK22 SCHMITT TRIGGER BUFFER INPUT HIGH VOLTAGE
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FIGURE 28-84: PIC18(L)F2X/4XK22 PIN INPUT LEAKAGE
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44-L ead Plastic Thin Quad Flatpack (PT) - 10x10x1.0 mm Body [TQFP]

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

L —=]
(L1)
SECTION A-A
Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Standoff A1 0.05 - 0.15
Molded Package Thickness A2 0.95 1.00 1.05
Overall Width E 12.00 BSC
Molded Package Width E1 10.00 BSC
Overall Length D 12.00 BSC
Molded Package Length D1 10.00 BSC
Lead Width b 0.30 0.37 0.45
Lead Thickness c 0.09 - 0.20
Lead Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle 0 0c | 35 | 7

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Exact shape of each corner is optional.
3. 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.

Microchip Technology Drawing C04-076C Sheet 2 of 2

DS40001412G-page 532 © 2010-2016 Microchip Technology Inc.



PIC18(L)F2X/4XK22

44-Lead Plastic Thin Quad Flatpack (PT) 10X10X1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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L] L]
(0000000000
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RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.80 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X44) X1 0.55
Contact Pad Length (X44) Y1 1.50
Distance Between Pads G 0.25

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

Microchip Technology Drawing No. C04-2076B
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