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PIC18(L)F1XK50

2.13.3 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared by either one of the
following:

* Any Reset
» By toggling the SCS1 bit of the OSCCON register

Both of these conditions restart the OST. While the
OST is running, the device continues to operate from
the INTOSC selected in OSCCON. When the OST
times out, the Fail-Safe condition is cleared and the
device automatically switches over to the external clock
source. The Fail-Safe condition need not be cleared
before the OSCFIF flag is cleared.

2.13.4 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an oscillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after

FIGURE 2-7: FSCM TIMING DIAGRAM

any type of Reset. The OST is not used with the EC or
RC Clock modes so that the FSCM will be active as
soon as the Reset or wake-up has completed. When
the FSCM is enabled, the Two-Speed Start-up is also
enabled. Therefore, the device will always be executing
code while the OST is operating.

Note: Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
OSTS bit of the OSCCON register to verify
the oscillator start-up and that the system

clock  switchover has  successfully

completed.
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Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in
this example have been chosen for clarity.
TABLE 2-6: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values on
page
CONFIG1H IESO FCMEN PCLKEN PLLEN FOSC3 FOSC2 FOSC1 FOSCO 283
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RABIE TMROIF INTOIF RABIF 66
OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS HFIOFS SCs1 SCSO0 18
OSCTUNE INTSRC | SPLLEN TUNS TUN4 TUN3 TUN2 TUN1 TUNO 20
PIE2 OSCFIE ClIE C2IE EEIE BCLIE USBIE | TMR3IE — 72
PIR2 OSCFIF C1IF C2IF EEIF BCLIF USBIF | TMR3IF — 70
T1CON RD16 T1RUN T1CKPS1 | T1CKPSO |T1OSCEN | TISYNC | TMR1CS | TMR1ON 99
Legend: x =unknown, u =unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by oscillators.
Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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FIGURE 3-6: DATA MEMORY MAP FOR PIC18F14K50/PIC18LF14K50 DEVICES
BSR<3:0> Data Memory Map When'a’ = 0:
The BSR is ignored and the
- 0000 00h Access RAM 8(;22 Access Bank is used.
Bank0 [ — — — — 7 060h The first 96 bytes are
FFh 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).
SR -
FFh ( : 2FFh When ‘a’ = 1:
- 300h
=0011 Bank 3 oon The BSR specifies the Bank
FER 3FFh used by the instruction.
_ 00h 400h
= 0100 Bank 4
FFh 4FFh
=0101 00h 500h
Bank 5
FFh 5FFh
=0110 00h 600h
Bank 6
EEh 6EFh Access Bank
-0111 00h 700h 00h
Bank 7 Access RAM Low 5Fh
FFh 7FFrT 'Access RAM High| 60h
= 00h 800 SFRs
1000 Bank 8 (SFRs) FFh
FFh 8FFh
=1001 00h Unused 900h
Bank 9 Read 00h
FFh 9FFh
- 00h A0Oh
= 1010 Bank 10
FFh AFFh
= 00h BOOh
1011 Bank 11
FFh BFFh
- CO00h
=1100 Bank 12 00h
EEh CFFh
- DOOh
= 1101 Bank 13 00N
DFFh
FFh
=1110 0oh E00h
Bank 14
FFh EFFh
00h Unused FOOh
=1111 T T e | F53h
L > Bank 15 o S_FR_ | FsFh
F60h
FFh SFR FFFh

Note 1: SFRs occupying F53h to F5Fh address space are not in the virtual bank
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Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs of the FSRnL register from FFh to 00h carry over
to the FSRnH register. On the other hand, results of
these operations do not change the value of any flags
in the STATUS register (e.g., Z, N, OV, etc.).

The PLUSW register can be used to implement a form
of indexed addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

3.4.3.3 Operations by FSRs on FSRs

Indirect addressing operations that target other FSRs
or virtual registers represent special cases. For
example, using an FSR to point to one of the virtual
registers will not result in successful operations. As a
specific case, assume that FSROH:FSROL contains
FE7h, the address of INDF1. Attempts to read the
value of the INDF1 using INDFO as an operand will
return 00h. Attempts to write to INDF1 using INDFO as
the operand will result in a NOP.

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair but without any
incrementing or decrementing. Thus, writing to either
the INDF2 or POSTDEC? register will write the same
value to the FSR2H:FSR2L.

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses indirect addressing.

Similarly, operations by indirect addressing are generally
permitted on all other SFRs. Users should exercise the
appropriate caution that they do not inadvertently change
settings that might affect the operation of the device.

3.5 Data Memory and the Extended
Instruction Set

Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Specifi-
cally, the use of the Access Bank for many of the core
PI1C18 instructions is different; this is due to the intro-
duction of a new addressing mode for the data memory
space.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect addressing
with FSRO and FSR1 also remain unchanged.

3.5.1 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of indirect addressing using the FSR2
register pair within Access RAM. Under the proper
conditions, instructions that use the Access Bank — that
is, most bit-oriented and byte-oriented instructions —
can invoke a form of indexed addressing using an
offset specified in the instruction. This special
addressing mode is known as Indexed Addressing with
Literal Offset, or Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:

» The use of the Access Bank is forced (‘a’ = 0) and

» The file address argument is less than or equal to
5Fh.

Under these conditions, the file address of the
instruction is not interpreted as the lower byte of an
address (used with the BSR in direct addressing), or as
an 8-bit address in the Access Bank. Instead, the value
is interpreted as an offset value to an Address Pointer,
specified by FSR2. The offset and the contents of
FSR2 are added to obtain the target address of the
operation.

3.5.2 INSTRUCTIONS AFFECTED BY
INDEXED LITERAL OFFSET MODE

Any of the core PIC18 instructions that can use direct
addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set.
Instructions that only use Inherent or Literal Addressing
modes are unaffected.

Additionally, byte-oriented and bit-oriented instructions
are not affected if they do not use the Access Bank
(Access RAM bit is ‘1"), or include a file address of 60h
or above. Instructions meeting these criteria will
continue to execute as before. A comparison of the
different possible addressing modes when the
extended instruction set is enabled is shown in
Figure 3-9.

Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 25.2.1
“Extended Instruction Syntax”.
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9.2 PORTB, TRISB and LATB
Registers

PORTB is an 4-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., disable the output driver). Clearing a
TRISB bit (= 0) will make the corresponding PORTB
pin an output (i.e., enable the output driver and put the
contents of the output latch on the selected pin).

The PORTB Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

EXAMPLE 9-2: INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
CLRF LATB ; Alternate nethod
; to clear output
; data latches
MOVLW  OFOh ; Value used to
; initialize data

; direction
MOVW  TRISB ; Set RB<7:4> as outputs

All PORTB pins are individually configurable as
interrupt-on-change pins. Control bits in the IOCB reg-
ister enable (when set) or disable (when clear) the
interrupt function for each pin.

When set, the RABIE bit of the INTCON register
enables interrupts on all pins which also have their
corresponding IOCB bit set. When clear, the RABIE
bit disables all interrupt-on-changes.

Only pins configured as inputs can cause this interrupt
to occur (i.e., any pin configured as an output is
excluded from the interrupt-on-change comparison).

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTB. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTB Change Interrupt flag
bit (RABIF) in the INTCON register.

This interrupt can wake the device from the Sleep
mode, or any of the Idle modes. The user, in the
Interrupt Service Routine, can clear the interrupt in the
following manner:

a) Any read or write of PORTB to clear the mis-
match condition (except when PORTB is the
source or destination of a MOVFF instruction).

b) Clear the flag bit, RABIF.

A mismatch condition will continue to set the RABIF flag
bit. Reading or writing PORTB will end the mismatch
condition and allow the RABIF bit to be cleared. The latch
holding the last read value is not affected by a MCLR nor
Brown-out Reset. After either one of these Resets, the
RABIF flag will continue to be set if a mismatch is present.

Note:  If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RABIF
interrupt flag may not get set. Furthermore,
since a read or write on a port affects all
bits of that port, care must be taken when
using multiple pins in Interrupt-on-change
mode. Changes on one pin may not be
seen while servicing changes on another
pin.

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.

All PORTB pins have individually controlled weak inter-
nal pull-up. When set, each bit of the WPUB register
enables the corresponding pin pull-up. When cleared,
the RABPU bit of the INTCONZ2 register enables pull-
ups on all pins which also have their corresponding
WPUB bit set. When set, the RABPU bit disables all
weak pull-ups. 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.

Note: On a Power-on Reset, RB<5:4> are
configured as analog inputs by default and
read as ‘0’.
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13.0 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)

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

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

A simplified block diagram of the Timer3 module is
shown in Figure 13-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 13-2.

The Timer3 module is controlled through the T3CON
register (Register 13-1). It also selects the clock source
options for the CCP modules (see Section 14.1.1
“CCP Module and Timer Resources” for more
information).

REGISTER 13-1: T3CON: TIMER3 CONTROL REGISTER

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

R/W-0 uU-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:

U = Unimplemented bit, read as ‘0’
‘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 Timerl to CCP1 Enable bits

1 = Timer3 is the clock source for compare/capture of ECCP1
0 = Timerl 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 Timerl/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.

1 = External clock input from Timerl oscillator or T13CKI (on the rising edge after the first

bit 1 TMR3CS: Timer3 Clock Source Select bit
falling edge)
0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

© 2008-2015 Microchip Technology Inc.
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FIGURE 13-2: TIMER3 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)
Ti'm_er_l_O_sgiII_agor — Timerl Clock Input
' \ 1
T13CKIT10S! E ———o— > 1 :
. . = Prescaler Synchronize
! ' Fosc/4 1,2,4,8 4 Detect 0
, Internal 0
T10SO . Clock A 2 |
"""" Sleep Input .
T10SCEN®) TMR3CS Timer3
T3CKPS<1:0> On/Off
T3SYNC
TMR3ON
CCP1 Special Event Trigger Clear TMR3 v TMR3 Set
CCP1 Select from T3CON<3> ‘ TMRSL | High Byte TMR3IF
on Overflow

Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

8

M

lj_x K_LRead TMRI1L

Write TMR1L

8 AV

TMR3H

8
< > Internal Data Bus

13.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 13-2). When the RD16 control bit of the
T3CON register is set, the address for TMR3H is
mapped to a buffer register for the high byte of Timer3.
A read from TMR3L will load the contents of the high
byte of Timer3 into the Timer3 High Byte Buffer register.
This provides the user with the ability to accurately read
all 16 bits of Timerl without having to determine
whether a read of the high byte, followed by a read of
the low byte, has become invalid due to a rollover
between reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

13.3 Using the Timerl Oscillator as the

Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timerl oscillator is enabled by
setting the TAOSCEN bit of the TLCON register. To use
it as the Timer3 clock source, the TMR3CS bit must
also be set. As previously noted, this also configures
Timer3 to increment on every rising edge of the
oscillator source.

The Timerl oscillator is described in Section 11.0
“Timerl Module”.

13.4 Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF of the PIR2
register. This interrupt can be enabled or disabled by
setting or clearing the Timer3 Interrupt Enable bit,
TMRS3IE of the PIE2 register.

© 2008-2015 Microchip Technology Inc.
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14.4.7 PULSE STEERING MODE

In Single Output mode, pulse steering allows any of the
PWM pins to be the modulated signal. Additionally, the
same PWM signal can be simultaneously available on
multiple pins.

Once the Single Output mode is selected
(CCP1M<3:2>=11 and P1M<1:0>=00 of the
CCP1CON register), the user firmware can bring out
the same PWM signal to one, two, three or four output
pins by setting the appropriate STR<D:A> bits of the
PSTRCON register, as shown in Table 14-2.

Note:  The associated TRIS bits must be set to
output (‘0’) to enable the pin output driver
in order to see the PWM signal on the pin.

While the PWM Steering mode is active, CCP1M<1:0>
bits of the CCP1CON register select the PWM output
polarity for the P1<D:A> pins.

The PWM auto-shutdown operation also applies to
PWM Steering mode as described in Section 14.4.4
“Enhanced PWM Auto-Shutdown mode”. An
auto-shutdown event will only affect pins that have
PWM outputs enabled.

REGISTER 14-4: PSTRCON: PULSE STEERING CONTROL REGISTER®

R = Readable bit W = Writable bit

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1

— — — STRSYNC STRD STRC STRB STRA
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 STRSYNC: Steering Sync bit

1 = Output steering update occurs on next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary

bit 3 STRD: Steering Enable bit D

1 = P1D pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1D pin is assigned to port pin
bit 2 STRC: Steering Enable bit C

1 = P1C pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1C pin is assigned to port pin
bit 1 STRB: Steering Enable bit B

1 = P1B pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1B pin is assigned to port pin
bit 0 STRA: Steering Enable bit A

1 = P1A pin has the PWM waveform with polarity control from CCP1M<1:0>

0 = P1A pin is assigned to port pin

Note 1: The PWM Steering mode is available only when the CCP1CON register bits CCP1M<3:2> = 11 and

P1M<1:0> = 00.
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1 (RECEPTION, 7-BIT ADDRESS)
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FIGURE 16-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

1Q1]Q2|Q31Q4 Q1/Q2|Q3Q4Q1/Q2|Q31Q4,01/Q2|Q3|Q4,Q1Q21Q3]Q4Q1/Q2|Q3]Q4,01/Q2|Q3)Q4,01|Q2/Q3]Q4,Q1|Q2|Q3/Q4,01/Q2|Q3]Q4,
A N W N W AW N N AW AW AW N W N AW AW W A W W AW AW AW AW WA AW AW A AW A WA WA WA

OSC11 I 1 | | 1 1 | 1 | | '
' Bitsetbyuser — v . ' ' Lo !+ —— Auto:Cleared '
WUE bit - : / o ! . . T ; ) ! 3
RXIDT Line: . , — iz = : i | .
. . . B o v Z — l : Z
RCIF X ! ! X X ! Cleared due to User Read of RCREG —/'I !
Note 1: The EUSART remains in Idle while the WUE bit is set.
FIGURE 16-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
1Q1Q2|Q3|04,01Q2|Q3/Q4,Q1/Q2/Q3/Q4, Q1 |Q2|Q3|Q4:Q1|Q2|Q3|Q4:Q1|Q2|Q3lQ4:Q1|Q2|Q3|Q4:QJJQ2|Q3|Q4I
[N RWANAWAWRWAWAWRNRWRWRWRW] | W Y U O OV O S O Y O A W O W A WY A
. BitSetby User —_ . X : Lo : \  — AutoCleared :
WUE bit| : v Z l L R : :
e M i L —
RCIF, ) . X : — . ) '
. . Cleared due to User Read of RCREG —#
Sleep Command Executed ? Sleep Ends T

Note 1: If the wake-up event requires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the st posc signal is
still active. This sequence should not depend on the presence of Q clocks.

2:  The EUSART remains in Idle while the WUE bit is set.
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The PPBRST bit (UCON<6>) controls the Reset status
when Double-Buffering mode (ping-pong buffering) is
used. When the PPBRST bit is set, all Ping-Pong Buf-
fer Pointers are set to the Even buffers. PPBRST has
to be cleared by firmware. This bit is ignored in buffer-
ing modes not using ping-pong buffering.

The PKTDIS bit (UCON<4>) is a flag indicating that the
SIE has disabled packet transmission and reception.
This bit is set by the SIE when a SETUP token is
received to allow setup processing. This bit cannot be
set by the microcontroller, only cleared; clearing it
allows the SIE to continue transmission and/or
reception. Any pending events within the Buffer
Descriptor Table will still be available, indicated within
the USTAT register’s FIFO buffer.

The RESUME bit (UCON<2>) allows the peripheral to
perform a remote wake-up by executing Resume
signaling. To generate a valid remote wake-up,
firmware must set RESUME for 10 ms and then clear
the bit. For more information on “resume signaling”,
see the “Universal Serial Bus Specification
Revision 2.0”.

The SUSPND bit (UCON<1>) places the module and
supporting circuitry in a Low-Power mode. The input
clock to the SIE is also disabled. This bit should be set
by the software in response to an IDLEIF interrupt. It
should be reset by the microcontroller firmware after an
ACTVIF interrupt is observed. When this bit is active,
the device remains attached to the bus but the trans-
ceiver outputs remain Idle. The voltage on the VUsB pin
may vary depending on the value of this bit. Setting this
bit before a IDLEIF request will result in unpredictable
bus behavior.

Note:  While in Suspend mode, a typical
bus-powered USB device is limited to
500 pA of current. This is the complete
current which may be drawn by the PIC®
device and its supporting circuitry. Care
should be taken to assure minimum
current draw when the device enters
Suspend mode.

22.2.2 USB CONFIGURATION REGISTER
(UCFG)

Prior to communicating over USB, the module’s
associated internal and/or external hardware must be
configured. Most of the configuration is performed with
the UCFG register (Register 22-2).The UFCG register
contains most of the bits that control the system level
behavior of the USB module. These include:

» Bus Speed (full speed versus low speed)

* On-Chip Pull-up Resistor Enable

» Ping-Pong Buffer Usage

The UTEYE bit, UCFG<7>, enables eye pattern gener-

ation, which aids in module testing, debugging and
USB certifications.

Note:  The USB speed, transceiver and pull-up
should only be configured during the mod-
ule setup phase. It is not recommended to
switch these settings while the module is
enabled.

22.2.2.1 Internal Transceiver

The USB peripheral has a built-in, USB 2.0, full-speed
and low-speed capable transceiver, internally con-
nected to the SIE. This feature is useful for low-cost,
single chip applications. Enabling the USB module
(USBEN = 1) will also enable the internal transceiver.
The FSEN bit (UCFG<2>) controls the transceiver
speed; setting the bit enables full-speed operation.

The on-chip USB pull-up resistors are controlled by the
UPUEN bit (UCFG<4>). They can only be selected
when the on-chip transceiver is enabled.

The internal USB transceiver obtains power from the
VusB pin. In order to meet USB signaling level
specifications, VusB must be supplied with a voltage
source between 3.0V and 3.6V. The best electrical
signal quality is obtained when a 3.3V supply is used
and locally bypassed with a high quality ceramic
capacitor. The capacitor should be placed as close as
possible to the Vuss and Vss pins found on the same
edge of the package (i.e., route ground of the capacitor
to Vss pin 20 on 20-lead PDIP, SOIC, SSOP and QFN
packaged parts).

The D+ and D- signal lines can be routed directly to
their respective pins on the USB connector or cable (for
hard-wired applications). No additional resistors,
capacitors, or magnetic components are required as
the D+ and D- drivers have controlled slew rate and
output impedance intended to match with the
characteristic impedance of the USB cable.

In order to meet the USB specifications, the traces
should be less than 30 cm long. Ideally, these traces
should be designed to have a characteristic impedance
matching that of the USB cable.
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22.2.5 USB ADDRESS REGISTER FIGURE 22-4: IMPLEMENTATION OF
(UADDR) USB RAM IN DATA
MEMORY SPACE

The USB Address register contains the unique USB
address that the peripheral will decode when active.
UADDR is reset to 00h when a USB Reset is received, 000h
indicated by URSTIF, or when a Reset is received from
the microcontroller. The USB address must be written
by the microcontroller during the USB setup phase
(enumeration) as part of the Microchip USB firmware

support. 1FFh

— . 200h
22.2.6 USB FRAME NUMBER REGISTERS Buffer Descriptors,

(UFRMH:UFRML) Banks 2 USB Data or User Data | 27Fn

. . . USBRAM)) [ — — — — — — 7
The Frame Number registers contain the 11-bit frame ( ) USB Data or 280h

number. The low-order byte is contained in UFRML, User Data 2FFh
while the three high-order bits are contained in 300h
UFRMH. The register pair is updated with the current
frame number whenever a SOF token is received. For
the microcontroller, these registers are read-only. The
Frame Number registers are primarily used for
isochronous transfers. The contents of the UFRMH and
UFRML registers are only valid when the 48 MHz SIE
clock is active (i.e., contents are inaccurate when

SUSPND (UCON<1>) bit = 1). Banks 3 {
to 14

Banks 0 User Data
tol

N/

Unused

22.3 USB RAM

USB data moves between the microcontroller core and
the SIE through a memory space known as the USB
RAM. This is a special dual access memory that is
mapped into the normal data memory space in Bank 2
(200h to 2FFh) for a total of 256 bytes (Figure 22-4). Fsoh

Bank 2 (200h through 27Fh) is used specifically for F53h

i i 3 F5Fh
en.dpomt. buffer control. Dgpendmg on the type of buff Banks 15 Feoh
ering being used, all but eight bytes of Bank 2 may SERs

also be available for use as USB buffer space. FFFh

e

Although USB RAM is available to the microcontroller
as data memory, the sections that are being accessed
by the SIE should not be accessed by the
microcontroller. A semaphore mechanism is used to
determine the access to a particular buffer at any given
time. This is discussed in Section 22.4.1.1 “Buffer
Ownership”.
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TABLE 22-2: ASSIGNMENT OF BUFFER DESCRIPTORS FOR THE DIFFERENT
BUFFERING MODES
BDs Assigned to Endpoint
Mode 3
. Mode 0 Mode 1 Mode 2 .
Endpoint (No Ping-Pong) (Ping-Pong on EPO OUT) (Ping-Pong on all EPs) (P|ng—Po:chzgtaI!;(;;1er EPs,
Out In Out In Out In Out In
0 0 1 0 (E), 1 (O) 2 0 (E), 1 (O) 2 (E), 3(0) 0 1
1 2 3 3 4 (E), 5 (0) 6(E),7(0) | 2(E),3(0) | 4(E),5(0)
2 4 5 5 8(E),9(0) |10(E),11(0) | 6(E), 7(0) | 8(E), 9 (0)
3 6 7 7 12 (E), 13 (O) | 14 (E), 15 (0) | 10 (E), 11 (O) | 12 (E), 13 (O)
4 8 9 9 10 16 (E), 17 (O) | 18 (E), 19 (O) | 14 (E), 15 (0) | 16 (E), 17 (O)
5 10 11 11 12 20 (E), 21 (O) | 22 (E), 23 (O) | 18 (E), 19 (O) | 20 (E), 21 (O)
6 12 13 13 14 24 (E), 25 (0) | 26 (E), 27 (O) | 22 (E), 23 (O) | 24 (E), 25 (O)
7 14 15 15 16 28 (E), 29 (O) | 30 (E), 31 (O) | 26 (E), 27 (O) | 28 (E), 29 (O)
Legend: (E) = Even transaction buffer, (O) = Odd transaction buffer
TABLE 22-3: SUMMARY OF USB BUFFER DESCRIPTOR TABLE REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
BDNnSTAT() UOWN DTS® PID3® PID2() PID1® PIDO®) BC9 BC8
DTSEN® | BSTALL®)
BDNnCNT® | Byte Count
BDnADRL(® | Buffer Address Low
BDNADRH® | Buffer Address High
Note 1: For buffer descriptor registers, n may have a value of 0 to 31. For the sake of brevity, all 32 registers are

shown as one generic prototype. All registers have indeterminate Reset values (XXXX XXXX).

2. Bits 5 through 2 of the BDnSTAT register are used by the SIE to return PID<3:0> values once the register
is turned over to the SIE (UOWN bit is set). Once the registers have been under SIE control, the values
written for DTSEN and BSTALL are no longer valid.

3:  Prior to turning the buffer descriptor over to the SIE (UOWN bit is cleared), bits 5 through 2 of the
BDNSTAT register are used to configure the DTSEN and BSTALL settings.

4: This bit is ignored unless DTSEN = 1.
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2252  USB INTERRUPT ENABLE
REGISTER (UIE)

The USB Interrupt Enable register (Register 22-8)
contains the enable bits for the USB Status interrupt
sources. Setting any of these bits will enable the
respective interrupt source in the UIR register.

The values in this register only affect the propagation
of an interrupt condition to the microcontroller’s inter-
rupt logic. The flag bits are still set by their interrupt
conditions, allowing them to be polled and serviced
without actually generating an interrupt.

REGISTER 22-8: UIE: USB INTERRUPT ENABLE REGISTER

R = Readable bit W = Writable bit

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

— SOFIE STALLIE IDLEIE TRNIE ACTVIE UERRIE URSTIE
bit 7 bit 0
Legend:

-n = Value at POR

‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 7
bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’
SOFIE: Start-of-Frame Token Interrupt Enable bit

1 = Start-of-Frame token interrupt enabled
0 = Start-of-Frame token interrupt disabled

STALLIE: STALL Handshake Interrupt Enable bit
1 = STALL interrupt enabled

0 = STALL interrupt disabled

IDLEIE: Idle Detect Interrupt Enable bit

1 = Idle detect interrupt enabled
0 = Idle detect interrupt disabled

TRNIE: Transaction Complete Interrupt Enable bit

1 = Transaction interrupt enabled
0 = Transaction interrupt disabled

ACTVIE: Bus Activity Detect Interrupt Enable bit
1 = Bus activity detect interrupt enabled

0 = Bus activity detect interrupt disabled
UERRIE: USB Error Interrupt Enable bit

1 = USB error interrupt enabled

0 = USB error interrupt disabled

URSTIE: USB Reset Interrupt Enable bit

1 = USB Reset interrupt enabled
0 = USB Reset interrupt disabled
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TABLE 23-4:  INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets,
Register Address Power-on Reset, WDT Reset,_ Wake-up via WDT
Brown-out Reset RESET Instruction, or Interrupt
Stack Resets

USTAT F63h - XXX XXX- - XXX XXX- - uuu uuu-
UIR F62h - 000 0000 - 000 0000 -uuu uuuu
UCFG E61h 0--0 -000 0--0 -000 u--u -uuu
UIE F60h - 000 0000 - 000 0000 - uuu uuuu
UEIR F5Fh 0--0 0000 0--0 0000 u--u uuuu
UFRMH F5Eh ---- - XXX ---- - XXX ---- -uuu
UFRML F5Dh XXXX XXXX XXXX XXXX uuuu uuuu
UADDR F5Ch - 000 0000 - 000 0000 - uuu uuuu
UEIE F5Bh 0--0 0000 0--0 0000 u--u uuuu
UEP7 F5Ah ----0 0000 ----0 0000 ----U uuuu
UEP6 E59h ----0 0000 ----0 0000 ----Uu uuuu
UEP5 F58h ----0 0000 ----0 0000 ----Uu uuuu
UEP4 F57h ----0 0000 ----0 0000 ----U uuuu
UEP3 E56h ----0 0000 ----0 0000 ----Uu uuuu
UEP2 F55h ----0 0000 ----0 0000 ----Uu uuuu
UEP1 F54h ----0 0000 ----0 0000 ----U uuuu
UEPO E53h ----0 0000 ----0 0000 ----Uu uuuu
Legend: u =unchanged, x =unknown, - = unimplemented bit, read as ‘0", g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONXx or PIRX registers will be affected (to cause wake-up).
2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

vector (0008h or 0018h).

3.  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the hard-
ware stack.

4: See Table 23-3 for Reset value for specific condition.
5.  All bits of the ANSELH register initialize to ‘0’ if the PBADEN bit of CONFIG3H is ‘0.
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TBLWT Table Write
Syntax: TBLWT ((*; *+; *-; +%)
Operands: None

Operation: if TBLWT*,

Status Affected:
Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

(TABLAT) — Holding Register;
TBLPTR — No Change;

if TBLWT*+,

(TABLAT) — Holding Register;
(TBLPTR) + 1 —» TBLPTR,;

if TBLWT*-,

(TABLAT) — Holding Register;
(TBLPTR) — 1 —» TBLPTR;

if TBLWT+*,

(TBLPTR) + 1 —» TBLPTR;
(TABLAT) — Holding Register;

None
0000 0000 0000 11lnn
nn=0 *
=1 *+
=2 *-
=3 +*

This instruction uses the three LSBs of
TBLPTR to determine which of the

eight holding registers the TABLAT is writ-
ten to. The holding registers are used to
program the contents of Program
Memory (P.M.). (Refer to Section 4.0
“Flash Program Memory” for additional
details on programming Flash memory.)
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2-MByte address range.
The LSb of the TBLPTR selects which
byte of the program memory location to
access.

TBLPTR[0] = 0: Least Significant
Byte of Program
Memory Word

TBLPTR[O] = 1: Most Significant

Byte of Program
Memory Word
The TBLWI instruction can modify the

value of TBLPTR as follows:
* no change

¢ post-increment

¢ post-decrement

¢ pre-increment

Q1 Q2 Q3 Q4

Decode No No No
operationjoperation| operation

No No No No
operation [operationjoperation| operation
(Read (Write to
TABLAT) Holding
Register )

TBLWT Table Write (Continued)
Examplel: TBLWT * +;
Before Instruction
TABLAT = 55h
TBLPTR =  00A356h
HOLDING REGISTER
(00A356h) = FFh
After Instructions (table write completion)
TABLAT = 55h
TBLPTR = 00A357h
HOLDING REGISTER
(00A356h) = 55h
Example 2: TBLWT +*;
Before Instruction
TABLAT = 34h
TBLPTR =  01389Ah
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = FFh
After Instruction (table write completion)
TABLAT = 34h
TBLPTR = 01389Bh
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = 34h
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TABLE 27-3:

POWER-DOWN CURRENT, PIC18(L)F1XK50-I/E

PIC18LF1XK50

Standard Operating Conditions (unless otherwise stated)

PIC18F1XK50

Standard Operating Conditions (unless otherwise stated)

Pa’\||'2m. Device Characteristics Min. | Typ.t +'\ggi(c +li/I2ano.C Units Conditions
: VDD Note
Power-down Base Current (Ipp)®
D027 — 0.024 1.0 7.0 pA 1.8 WDT, BOR, FVR, Voltage
_ 0.078 20 9.0 WA 3.0 Regulator and T10OSC disabled,
all Peripherals Inactive
D027 — 35 9 13 pA 1.8 WDT, BOR, FVR and T10SC
_ 4.0 13 16 uA 3.0 disabled, all Peripherals Inactive
— 5.0 18 21 pA 5.0
Power-down Module Current

D028 — 05 4.0 8.0 pA 1.8 |LPWDT Current®
— 0.8 5.0 10.0 pA 3.0

D028 = 7 1 15 pA 1.8 |[LPWDT Current®
— 10 15 18 pA 3.0
— 11 20 23 pA 5.0

D029 — 12 20 25 pA 1.8 |FVR current ®
— 20 30 35 pA 3.0

D029 = 28 42 50 pA 1.8 | FVR current® %
— 36 46 55 pA 3.0
— 39 49 60 pA 5.0

D030 — 6 15 20 pA 3.0 |BOR current® 3

D030 = 12 35 40 pA 3.0 |BOR Current(®: 35
— 14 40 45 pA 5.0

D031 — | 079 4.0 6.0 pA 1.8 | T10SC Current®
— 1.8 5.0 7.0 pA 3.0

D031 = 35 10 14 HA 1.8 |T10SC Current®
— 4.0 14 17 pA 3.0
— 5.0 19 22 pA 5.0

* These parameters are characterized but not tested.
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: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

2:  The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD.

3: Fixed Voltage Reference is automatically enabled whenever the BOR is enabled

4:  A/D oscillator source is FRC

5: 330 puf capacitor on VUSB pin.
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TABLE 27-9: OSCILLATOR PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA <+125°C

Param. Sym. Characteristic Freqg. Min. | Typ.T | Max. | Units Conditions
No. Tolerance
0S08 |HFosc |Internal Calibrated HFINTOSC +2% — 16.0 — MHz |0°C < TA<+60°C
Frequency® +3% — | 160 | — | MHz |60°C <Ta<+85°C
+5% — 16.0 — MHz |-40°C < TA<+125°C
0S10* | Tiosc sT | HFINTOSC — — 5 8 us | VDD = 2.0V, -40°C to +85°C
Wake-up from Sleep Start-up Time _ _ 5 8 us | VoD = 3.0V, -40°C to +85°C
— — 5 8 pus | VDD =5.0V, -40°C to +85°C

*  These parameters are characterized but not tested.
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 uF and 0.01 pF values in parallel are recommended.

TABLE 27-10: PLL CLOCK TIMING SPECIFICATIONS (VDD = 1.8V TO 5.5V)

Pa’\:gm. Sym. Characteristic Min. Typ.t Max. | Units Conditions
F10 Fosc | Oscillator Frequency Range 4 — 16 MHz | VDD = 1.8 - VDDMAX
F11 Fsys | On-Chip VCO System Frequency 20 — 48 MHz | VDD = 3.0 - VDDMAX
F12 tre PLL Start-up Time (Lock Time) — — 2 ms

F13* ACLK | CLKOUT Stability (Jitter) -0.25% — +0.25% | %

* These parameters are characterized but not tested.
T Datain “Typ.” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 27-13: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

o« A N

= '=—USI2l—» ' '=— US121

o e bd

— ' <«— US120 —, =«— US122

Note: Refer to Figure 27-2 for load conditions.

TABLE 27-20: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C

Pe;\:gm. Symbol Characteristic Min. Max. Units | Conditions
US120 | TckH2DTV | SYNC XMIT (Master and Slave) 3.0-5.5vV — 80 ns
Clock high to data-out valid 1.8-5.5V _ 100 ns
US121 | TCKRF Clock out rise time and fall time 3.0-5.5V — 45 ns
(Master mode) 1.8-5.5V _ 50 ns
US122 | TDTRF Data-out rise time and fall time 3.0-5.5V — 45 ns
1.8-5.5Vv — 50 ns
FIGURE 27-14: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING
CK
UsS125 .
e —— .
ot pd - X
~——US126——>
Note: Refer to Figure 27-2 for load conditions.
TABLE 27-21: USART SYNCHRONOUS RECEIVE REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C
Pa’\::';\m. Symbol Characteristic Min. Max. | Units Conditions
US125 | TbTV2cKL | SYNC RCV (Master and Slave)
Data-hold before CK { (DT hold time) 10 — ns
US126 | TckL2DTL | Data-hold after CK 4 (DT hold time) 15 — ns
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TABLE 27-23: 1°C™ BUS START/STOP BITS REQUIREMENTS

Pa;\:sm. Symbol Characteristic Min. | Typ. | Max. | Units Conditions
SP90* | Tsu:sTA | Start condition 100 kHz mode | 4700 | — — ns | Only relevant for Repeated
Setup time 400 kHz mode | 600 | — | — Start condition
SP91* | THD:STA | Start condition 100 kHz mode | 4000 | — — ns | After this period, the first
Hold time 400 kHz mode | 600 | — | — clock pulse is generated
SP92* | Tsu:sTO | Stop condition 100 kHz mode | 4700 | — — ns
Setup time 400 kHz mode 600 | — —
SP93 | THD:STO | Stop condition 100 kHz mode | 4000 | — — ns
Hold time 400 kHz mode 600 | — —
* These parameters are characterized but not tested.
FIGURE 27-20: I2C™ BUS DATA TIMING
— <= SP103 .SP100 . —= = SP102
- : SP101 ¢ s
SCL ' ' 5 N M /
" T SPRo SP106 '~ -
' X ~— SP107 ;
—» SP91 ~— - . —=  ~—SP92 .
SDA ' ' T ; :
| \ X ) X / \
n . . >< ————— ' SP110 !
: ~— SP109 -SPI09 . '
SDA ; T
Out >< _____
Note: Refer to Figure 27-2 for load conditions.
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Unless otherwise noted, V,y = 5V, Fggc = 300 kHz, C;y = 0.1 pF, Tp = 25°C.
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=150
100
Max: Typical + 30 ‘
50 Typical: 25°C
0
1.5 2.0 25 3.0 35 4.0 45 5.0 55 6.0
VoD (V)
FIGURE 28-52: Comparator Response

Time, Normal-Power Mode (C x SP = 1).
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FIGURE 28-53: Comparator Response Time,

Over Temperature, Normal-Power Mode (C x SP =1).
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FIGURE 28-49: Low-Power Brown-out
Reset Hysteresis, LPBOR = 0.
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FIGURE 28-50: Comparator Hysteresis,
Normal-Power Mode (C x SP =1, Cx HYS =1).
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FIGURE 28-51: Comparator Hysteresis,
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FIGURE 28-54:

Comparator Input Offset at

Low-Power Mode (C x SP =0, Cx HYS =1).

25°C, Normal-Power Mode (C x SP = 1)
PIC18F1XK50 Only.
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