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PIC18F1220/1320

3.5.2 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock (defined in
Configuration Register 1H) becomes ready. At that
time, the OSTS bit is set and the device begins
executing code.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 19.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 19.4 “Fail-Safe Clock
Monitor”) are enabled in Configuration Register 1H,
the device may begin execution as soon as the Reset
source has cleared. Execution is clocked by the
INTOSC multiplexer driven by the internal oscillator
block. Since the OSCCON register is cleared following
all Resets, the INTRC clock source is selected. A
higher speed clock may be selected by modifying the
IRCF bits in the OSCCON register. Execution is
clocked by the internal oscillator block until either the
primary clock becomes ready, or a power managed
mode is entered before the primary clock becomes
ready; the primary clock is then shut down.

3.5.3 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions, depending
on which power managed mode the device is in when
the time-out occurs.

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in a wake from the
power managed mode (see Sections 3.2 through 3.4).

If the device is executing code (all Run modes), the
time-out will result in a WDT Reset (see Section 19.2
“Watchdog Timer (WDT)").

The WDT timer and postscaler are cleared by
executing a SLEEPor CLRWDThstruction, the loss of a
currently selected clock source (if the Fail-Safe Clock
Monitor is enabled) and modifying the IRCF bits in the
OSCCON register if the internal oscillator block is the
system clock source.

3.54 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

Certain exits from power managed modes do not
invoke the OST at all. These are:

* PRI_IDLE mode, where the primary clock source
is not stopped,; or

« the primary clock source is not any of LP, XT, HS
or HSPLL modes.

In these cases, the primary clock source either does
not require an oscillator start-up delay, since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC and INTIO
Oscillator modes).

However, a fixed delay (approximately 10 us) following
the wake event is required when leaving Sleep and Idle
modes. This delay is required for the CPU to prepare
for execution. Instruction execution resumes on the first
clock cycle following this delay.

3.6 INTOSC Frequency Drift

The factory calibrates the internal oscillator block
output (INTOSC) for 8 MHz (see Table 22-6). However,
this frequency may drift as VDD or temperature
changes, which can affect the controller operation in a
variety of ways.

It is possible to adjust the INTOSC frequency by
modifying the value in the OSCTUNE register
(Register 2-1). This has the side effect that the INTRC
clock source frequency is also affected. However, the
features that use the INTRC source often do not require
an exact frequency. These features include the Fail-Safe
Clock Monitor, the Watchdog Timer and the RC_RUN/
RC_IDLE modes when the INTRC clock source is
selected.

Being able to adjust the INTOSC requires knowing
when an adjustment is required, in which direction it
should be made and in some cases, how large a
change is needed. Three examples follow but other
techniques may be used.
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DS30009605G-page 29



PIC18F1220/1320

3.6.1 EXAMPLE — EUSART

An adjustment may be indicated when the EUSART
begins to generate framing errors, or receives data with
errors while in Asynchronous mode. Framing errors
indicate that the system clock frequency is too high —
try decrementing the value in the OSCTUNE register to
reduce the system clock frequency. Errors in data may
suggest that the system clock speed is too low —
increment OSCTUNE.

3.6.2 EXAMPLE - TIMERS

This technique compares system clock speed to some
reference clock. Two timers may be used; one timer is
clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timerl oscillator.

Both timers are cleared, but the timer clocked by the
reference generates interrupts. When an interrupt
occurs, the internally clocked timer is read and both
timers are cleared. If the internally clocked timer value
is greater than expected, then the internal oscillator
block is running too fast — decrement OSCTUNE.

3.6.3 EXAMPLE — CCP IN CAPTURE
MODE

A CCP module can use free running Timerl (or
Timer3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power
frequency). The time of the first event is captured in the
CCPRxH:CCPRXxL registers and is recorded for use
later. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated.

If the measured time is much greater than the
calculated time, the internal oscillator block is running
too fast — decrement OSCTUNE. If the measured time
is much less than the calculated time, the internal
oscillator block is running too slow—increment
OSCTUNE.
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5.3 Fast Register Stack

A “fast return” option is available for interrupts. A fast
register stack is provided for the Status, WREG and
BSR registers and is only one in depth. The stack is not
readable or writable and is loaded with the current
value of the corresponding register when the processor
vectors for an interrupt. The values in the registers are
then loaded back into the working registers, if the
RETFIE, FAST instruction is used to return from the
interrupt.

All interrupt sources will push values into the stack
registers. 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 inter-
rupt occurs while servicing a low priority interrupt, the
stack register values stored by the low priority interrupt
will be overwritten. Users must save the key registers
in 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 LABEL, 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.
EXAMPLE 5-1: FAST REGISTER STACK
CODE EXAMPLE

;) STATUS, WREG, BSR

; SAVED | N FAST REG STER
; STACK

CALL SUB1, FAST

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

5.4 PCL, PCLATH and PCLATU

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits
wide. The low byte, known as the PCL register, is both
readable and writable. The high byte, or PCH register,
contains the PC<15:8> bits and is not directly readable
or writable. Updates to the PCH register may be per-
formed through the PCLATH register. The upper byte is
called PCU. This register contains the PC<20:16> bits
and is not directly readable or writable. Updates to the
PCU register may be performed through the PCLATU
register.

The contents of PCLATH and PCLATU will be
transferred to the program counter by any operation
that writes PCL. Similarly, the upper two bytes of the
program counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 5.8.1
“Computed GOTQO").

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the LSB of PCL is fixed to a value of ‘0’.
The PC increments by two to address sequential
instructions in the program memory.

The CALL, RCALL GOTQand program branch instruc-
tions write to the program counter directly. For these
instructions, the contents of PCLATH and PCLATU are
not transferred to the program counter.
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16.2 EUSART Baud Rate Generator
(BRG)

The BRG is a dedicated 8-bit or 16-bit generator, that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCTL<3>)
selects 16-bit mode.

The SPBRGH:SPBRG register pair controls the period
of a free running timer. In Asynchronous mode, bits
BRGH (TXSTA<2>) and BRG16 also control the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 16-1 shows the formula for computation of the
baud rate for different EUSART modes which only
apply in Master mode (internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGH:SPBRG registers can be
calculated using the formulas in Table 16-1. From this,
the error in baud rate can be determined. An example
calculation is shown in Example 16-1. Typical baud
rates and error values for the various asynchronous
modes are shown in Table 16-2. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG to reduce the baud rate error, or
achieve a slow baud rate for a fast oscillator frequency.

Writing a new value to the SPBRGH:SPBRG registers
causes the BRG timer to be reset (or cleared). This
ensures the BRG does not wait for a timer overflow
before outputting the new baud rate.

TABLE 16-1: BAUD RATE FORMULAS

16.2.1 POWER MANAGED MODE
OPERATION

The system clock is used to generate the desired baud
rate; however, when a power managed mode is
entered, the clock source may be operating at a differ-
ent frequency than in PRI_RUN mode. In Sleep mode,
no clocks are present and in PRI_IDLE mode, the
primary clock source continues to provide clocks to the
Baud Rate Generator; however, in other power
managed modes, the clock frequency will probably
change. This may require the value in SPBRG to be
adjusted.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit
and make sure that the receive operation is Idle before
changing the system clock.

16.2.2 SAMPLING

The data on the RB4/AN6/RX/DT/KBIO pin is sampled
three times by a majority detect circuit to determine if a
high or a low level is present at the RX pin.

Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH

0 0 0 8-bit/Asynchronous Fosc/[64 (n + 1)]
0 0 1 8-bit/Asynchronous

- Fosc/[16 (n + 1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 X 8-bit/Synchronous Fosc/[4 (n + 1)]
1 1 X 16-bit/Synchronous

Legend: x = Don't care, n = value of SPBRGH:SPBRG register pair

EXAMPLE 16-1: CALCULATING BAUD RATE ERROR

Desired Baud Rate= Fosc/(64 ([SPBRGH:SPBRG] + 1))
Solving for SPBRGH:SPBRG:

X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
= [25.042] =25
Calculated Baud Rate=16000000/(64 (25 + 1))
= 9615
Error =

(9615 — 9600)/9600 = 0.16%

For a device with Fosc of 16 MHz, desired baud rate of 9600, Asynchronous mode, 8-bit BRG:

(Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate

DS30009605G-page 130
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SLEEP Enter Sleep mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1 T0,
0—->PD
Status Affected: ~ TO, PD
Encoding: | 0000 | 0000 | 0000 | o011 |
Description: The Power-down Status bit (PD)
is cleared. The Time-out status bit
(TO) is set. The Watchdog Timer
and its postscaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
o = 2
PD = 2
After Instruction
TO = 1+t
PD = O

T If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with borrow
Syntax: [label] SUBFWB f[,d[,a]]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (W) = (f) = (C) - dest
Status Affected: N, OV, C,DC, Z
Encoding: ‘ 0101 | 0lda | fiff ‘ fiff |
Description: Subtract register ‘' and Carry flag
(borrow) from W (2's complement
method). If ‘d’ is ‘0, the result is
stored in W. If ‘d’ is ‘17, the result is
stored in register ‘f’ (default). If ‘a’ is
‘0", the Access Bank will be
selected, overriding the BSR value.
If ‘a’is ‘1’, then the bank will be
selected as per the BSR value
(default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBFVB REG
Before Instruction
REG = 0x03
W = 0x02
C =  0x01
After Instruction
REG = OxFF
W = 0x02
C = 0x00
z = 0x00
N = 0x01 ; result is negative
Example 2: SUBFWB REG 0, O
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
W = 3
C = 1
z = 0
N = 0 ; result is positive
Example 3: SUBFWB REG 1, O
Before Instruction
REG = 1
W = 2
C = 0
After Instruction
REG = 0
W = 2
C = 1
z = 1 ; result is zero
N = 0

© 2002-2015 Microchip Technology Inc.
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19.4.2 EXITING FAIL-SAFE OPERATION

The Fail-Safe condition is terminated by either a device
Reset, or by entering a power managed mode. On
Reset, the controller starts the primary clock source
specified in Configuration Register 1H (with any
required start-up delays that are required for the
oscillator mode, such as OST or PLL timer). The
INTOSC multiplexer provides the system clock until the
primary clock source becomes ready (similar to a Two-
Speed Start-up). The clock system source is then
switched to the primary clock (indicated by the OSTS
bit in the OSCCON register becoming set). The Fail-
Safe Clock Monitor then resumes monitoring the
peripheral clock.

The primary clock source may never become ready
during start-up. In this case, operation is clocked by the
INTOSC multiplexer. The OSCCON register will remain
in its Reset state until a power managed mode is
entered.

Entering a power managed mode by loading the
OSCCON register and executing a SLEEP instruction
will clear the Fail-Safe condition. When the Fail-Safe
condition is cleared, the clock monitor will resume
monitoring the peripheral clock.

19.4.3 FSCM INTERRUPTS IN POWER
MANAGED MODES

As previously mentioned, entering a power managed
mode clears the Fail-Safe condition. By entering a
power managed mode, the clock multiplexer selects
the clock source selected by the OSCCON register.
Fail-Safe monitoring of the power managed clock
source resumes in the power managed mode.

If an oscillator failure occurs during power managed
operation, the subsequent events depend on whether
or not the oscillator failure interrupt is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTOSC multiplexer. An automatic transition
back to the failed clock source will not occur.

If the interrupt is disabled, the device will not exit the
power managed mode on oscillator failure. Instead, the
device will continue to operate as before, but clocked
by the INTOSC multiplexer. While in Idle mode, subse-

© 2002-2015 Microchip Technology Inc.
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FIGURE 22-14: A/D CONVERSION TIMING

BSF ADCONO, GO

SAMPLE Sampling Stopped |

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts.

—=| ~— (Note2)
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— ! 130 e

Koo X X X Xe X2 X e X o X

A/D DATA
ADRES OLD_DATA X NEW_DATA
ADIF —' Tey
GO | DONE

This allows the SLEEPInstruction to be executed.
2: This is a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.

TABLE 22-14: A/D CONVERSION REQUIREMENTS

Pilrsm Symbol Characteristic Min. Max. | Units Conditions

130 TAD A/D Clock Period PIC18F1X20 1.6 20 us |Tosc based, VREF > 3.0V

PIC18LF1X20 3.0 200) us |Tosc based, VREF full range
PIC18F1X20 2.0 6.0 us |A/D RC mode
PIC18LF1X20 3.0 9.0 us |A/D RC mode
131 TcNv Conversion Time 11 12 TAaD
(not including acquisition time) (Note 1)
132 TACQ Acquisition Time (Note 3) 15 — pus |-40°C < Temp < +125°C
10 — ps |0°C < Temp < +125°C

135 Tswc Switching Time from Convert — Sample — (Note 4)

136 TAamP Amplifier Settling Time (Note 2) 1 — us | This may be used if the
“new” input voltage has not
changed by more than 1 LSb
(i.e.,5mV @ 5.12V) from the
last sampled voltage (as
stated on CHOLD).

Note 1. ADRES register may be read on the following Tcy cycle.

2: See Section 17.0 “10-Bit Analog-to-Digital Converter (A/D) Module” for minimum conditions when input
voltage has changed more than 1 LSb.

3: The time for the holding capacitor to acquire the “New” input voltage, when the voltage changes full scale after
the conversion (AVDD to AVSs, or AVss to AVDD). The source impedance (Rs) on the input channels is 50€).

4: On the next Q4 cycle of the device clock.

5:  The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
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TABLE 22-16: DC CHARACTERISTICS FOR Ipb SPECIFICATIONS FOR PIC18F1220/1320-H (High

Temp.)
i Condition
Symbol ch Dewc_e . Min. Typ. Max. | Units
aracteristics VDD Note
IPD Power Down Current — — 220 pA 5.0 Sleep mode
IDD Supply Current — — 250 A 5.0 Fosc = 31 kHz
(RC_Run mode, Internal
Oscillator source)
IDD Supply Current — — 800 pA 5.0 Fosc =1 MHz
(RC_Run mode, Internal
Oscillator source)
IDD Supply Current — — 2.0 mA 5.0 Fosc =4 MHz
(RC_Run mode, Internal
Oscillator source)
IDD Supply Current — — 240 A 5.0 Fosc = 31 kHz
(RC_lIdle mode, Internal
Oscillator source)
IDD Supply Current — — 600 pA 5.0 Fosc =1 MHz
(RC_lIdle mode, Internal
Oscillator source)
IDD Supply Current — — 1.0 mA 5.0 Fosc =4 MHz
(RC_lIdle mode, Internal
Oscillator source)
IDD Supply Current — — 1.2 mA 5.0 Fosc =1 MHz
(PRI_Run mode, EC Oscillator)
IDD Supply Current — — 2.2 mA 5.0 Fosc =4 MHz
(PRI_Run mode, EC Oscillator)
IDD Supply Current — — 10.0 mA 5.0 Fosc =20 MHz
(PRI_Run mode, EC Oscillator)
IDD Supply Current — — 500 pA 5.0 Fosc =1 MHz
(PRI_Idle mode, EC Oscillator)
IDD Supply Current — — 1.0 mA 5.0 Fosc =4 MHz
(PRI_Idle mode, EC Oscillator)
IDD Supply Current — — 35 mA 5.0 Fosc =20 MHz

(PRI_Idle mode, EC Oscillator)

TABLE 22-17: ADC CHARACTERISTICS FOR PIC18F1220/1320-H (High Temp.)

P;a\lrgm Sym. Characteristic Min. Typ. Max. | Units Conditions
D026 |A/D — — 30 pA |VDD = 5.0V, A/D on,
Conv Not converting
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FIGURE 23-7: MAXIMUM Ipbp vs. Fosc OVER VDD PRI_RUN, EC MODE, -40°C TO +125°C
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FIGURE 23-11: TYPICAL Ipp vs. Fosc OVER Vpb PRI_IDLE, EC MODE, +25°C
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FIGURE 23-12: MAXIMUM IpbD vs. Fosc OVER VDD PRI_IDLE, EC MODE, -40°C TO +125°C
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FIGURE 23-15: TYPICAL IpD vs. VDD (+25°C), 125 kHz TO 8 MHz RC_RUN MODE,
ALL PERIPHERALS DISABLED
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FIGURE 23-16: MAXIMUM IpD vs. VDD (-40°C TO +125°C), 125 kHz TO 8 MHz RC_RUN MODE,
ALL PERIPHERALS DISABLED
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FIGURE 23-35:

AVERAGE Fosc vs. Vbb FOR VARIOUS R’'s EXTERNAL RC MODE,
C =100 pF, TEMPERATURE = +25°C
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FIGURE 23-36: AVERAGE Fosc vs. VDD FOR VARIOUS R’s EXTERNAL RC MODE,
C =300 pF, TEMPERATURE = +25°C
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