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TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
I Typical Capacitor Values
Crysta Tested:
Osc Type Freg
C1 Cc2
LP 32 kHz 30 pF 30 pF
XT 1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
10 MHz 15 pF 15 pF
20 MHz 15 pF 15 pF
25 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Note 1: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 2-2.
FIGURE 2-2: EXTERNAL CLOCK
INPUT OPERATION
(HS OSCILLATOR
CONFIGURATION)

Clock from ~>O—> 0scC1
Ext. System PIC18FXXXX

(HS Mode)

Open «—— OSC2

2.3 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
Oscillator mode.

FIGURE 2-3: EXTERNAL CLOCK

INPUT OPERATION
(EC CONFIGURATION)

Clock from ~>@—> OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4 -«—— OSC2/CLKO

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional
general purpose /O pin. The I/O pin becomes bit 6 of
PORTA (RA®6). Figure 2-4 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK
INPUT OPERATION
(ECIO CONFIGURATION)

Clock from ~>o—> OSC1/CLKI
Ext. System PIC18FXXXX

RA6 -e«—»{ |/O (OSC2)
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Clock Sources and Oscillator
Switching

2.7

Like previous PIC18 devices, the PIC18F2525/2620/
4525/4620 family includes a feature that allows the
device clock source to be switched from the main
oscillator to an alternate, low-frequency clock source.
PIC18F2525/2620/4525/4620 devices offer two alternate
clock sources. When an alternate clock source is enabled,
the various power-managed operating modes are
available.

Essentially, there are three clock sources for these
devices:

* Primary oscillators

» Secondary oscillators

* Internal oscillator block

The primary oscillators include the External Crystal
and Resonator modes, the External RC modes, the
External Clock modes and the internal oscillator block.
The particular mode is defined by the FOSC3:FOSCO

Configuration bits. The details of these modes are
covered earlier in this chapter.

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode.

PIC18F2525/2620/4525/4620 devices offer the Timerl
oscillator as a secondary oscillator. This oscillator, in all
power-managed modes, is often the time base for
functions such as a Real-Time Clock (RTC).

Most often, a 32.768 kHz watch crystal is connected
between the RCO/T10SO/T13CKIl and RC1/T10SI
pins. Like the LP Oscillator mode circuit, loading
capacitors are also connected from each pin to ground.

The Timerl oscillator is discussed in greater detail in
Section 12.3 “Timerl Oscillator”.

In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The INTRC source is also used as
the clock source for several special features, such as
the WDT and Fail-Safe Clock Monitor.

The clock sources for the PIC18F2525/2620/4525/4620
devices are shown in Figure 2-8. See Section 23.0
“Special Features of the CPU” for Configuration
register details.

FIGURE 2-8: PIC18F2525/2620/4525/4620 CLOCK DIAGRAM
....... PIC18F2525/2620/4525/4620
'Primary Oscnlator N LP, XT, HS, RC, EC
osca[HT™ ° > : -
! Sleep \_,1—‘
: : > 4xPLL HSPLL, INTOSC/PLL -
osc1 |Z, R OSCTUNE<6> — 4\_\5 —
-Secondary Oscillator T10SC | =< Peripherals
T1050|E > 5 -
1 1 >
. T10SCEN
. Enable
T10SI XI— + Oscillator OSCCON<6:4> Internal Oscillator
OSCCON<6:4> 8 MHz " CPU
»111 o—
4 MHz 1 '
Internal =110 .
Oscillator 2MHZ I 01 | IDLEN
Block 3 1 MHz Clock
8 MHz 3 1100 é Control
Source SMHz § 500 kHZV o011
INTOSC
INTRC ( )| e 250 kHZ= 010 FOSC3:FOSCO OSCCON<1:0>
Source 125 kHz
» 001 )
T7 31 kHz Clock Source Option
31 kHz (INTRC) W for Other Modules

OSCTUNE<7>
WDT, PWRT, FSCM

and Two-Speed Start-up
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7.4 Erasing Flash Program Memory

The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control, can larger blocks of program memory be
bulk erased. Word erase in the Flash array is not
supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased.
TBLPTR<5:0> are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.

7.4.1 FLASH PROGRAM MEMORY
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load Table Pointer register with address of row
being erased.

2. Setthe EECONL1 register for the erase operation:

» set EEPGD bit to point to program memory;

« clear the CFGS bit to access program memory;

* set WREN bit to enable writes;

 set FREE bit to enable the erase.

Disable interrupts.

Write 55h to EECONZ2.

Write 0AAh to EECONZ2.

Set the WR bit. This will begin the row erase
cycle.

7. The CPU will stall for duration of the erase
(about 2 ms using internal timer).

8. Re-enable interrupts.

S

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW CODE_ADDR_UPPER ; load TBLPTR wi th the base
MOVWF TBLPTRU ; address of the menory bl ock
MOVLW CODE_ADDR_HI GH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL
ERASE_ROW

BSF EECON1, EEPGD ; point to Flash program nmenory
BCF EECON1, CFGS ; access Flash program nenory
BSF EECON1, WREN ; enable wite to nmenory
BSF EECON1, FREE ; enabl e Row Erase operation
BCF INTCON, G E ; disable interrupts

Requi r ed MOVLW 55h

Sequence MOVWF EECON2 ; write 55h
MOVLW 0AAh
MOVWF EECON2 ; wite OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, G E ; re-enable interrupts
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REGISTER 10-3: INTCON3: INTERRUPT CONTROL REGISTER 3

R/W-1 R/W-1 uU-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
INT2IP INT1IP — INT2IE INT1IE — INT2IF INTLIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 INT2IP: INT2 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 INT1IP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 Unimplemented: Read as ‘0’
bit 4 INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt
bit 3 INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt
bit 2 Unimplemented: Read as ‘0’
bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur
bit 0 INT1IF: INT1 External Interrupt Flag bit
1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur
Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding

enable bit or the global interrupt enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.
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16.4.4 HALF-BRIDGE MODE

In the Half-Bridge Output mode, two pins are used as
outputs to drive push-pull loads. The PWM output signal
is output on the P1A pin, while the complementary PWM
output signal is output on the P1B pin (Figure 16-4). This
mode can be used for half-bridge applications, as shown
in Figure 16-5, or for full-bridge applications where four
power switches are being modulated with two PWM
signals.

In Half-Bridge Output mode, the programmable dead-
band delay can be used to prevent shoot-through
current in half-bridge power devices. The value of bits,
PDC6:PDCO, 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
inactive during the entire cycle. See Section 16.4.6
“Programmable Dead-Band Delay” for more details
of the dead-band delay operations.

Since the P1A and P1B outputs are multiplexed with
the PORTC<2> and PORTD<5> data latches, the
TRISC<2> and TRISD<5> bits must be cleared to
configure P1A and P1B as outputs.

FIGURE 16-5:

FIGURE 16-4:

HALF-BRIDGE PWM
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td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

EXAMPLES OF HALF-BRIDGE OUTPUT MODE APPLICATIONS
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17.4 1°C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call
support) and provides interrupts on Start and Stop bits
in hardware to determine a free bus (multi-master
function). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:
 Serial clock (SCL) — RC3/SCK/SCL
« Serial data (SDA) — RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 17-7: MSSP BLOCK DIAGRAM

(I’C™ MODE)

< Internal
Data Bus

RC3/SCK/SCL

X
X

RC4/SDI/
SDA

N

Shift
Clock

7

MSb LSb

v

Addr Match

SSPADD reg

Start and Set, Reset

Stop bit Detect [ S, P bits
(SSPSTAT reg)

1741 REGISTERS

The MSSP module has six registers for 1°C operation.
These are:

* MSSP Control Register 1 (SSPCON1)

* MSSP Control Register 2 (SSPCON2)

« MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON1, SSPCON2 and SSPSTAT are the control
and status registers in 1°C mode operation. The
SSPCON1 and SSPCON2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read-only.
The upper two bits of the SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address when
the MSSP is configured in 12C Slave mode. When the
MSSP is configured in Master mode, the lower seven
bits of SSPADD act as the Baud Rate Generator reload
value.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

DS39626E-page 170
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17.4.7 BAUD RATE

In 12C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 17-17). When a write occurs
to SSPBUF, the Baud Rate Generator will automatically
begin counting. The BRG counts down to ‘0’ and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In 12C Master mode, the BRG is
reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 17-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

FIGURE 17-17: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM3:SSPMO j‘} SSPADD<6:0>
SSPM3:SSPMO jl> Reload Reload
—>
SCL —P» Control
CLKO <_| BRG Down Counter |~—— Fosc/4
TABLE 17-3: 12C™ CLOCK RATE W/BRG
FscL
*
Fosc Fcy Fcy *2 BRG Value (2 Rollovers of BRG)
40 MHz 10 MHz 20 MHz 18h 400 kHz®
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHz®
16 MHz 4 MHz 8 MHz 0Ch 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHz®
4 MHz 1 MHz 2 MHz 09h 100 kHz
4 MHz 1 MHz 2 MHz 00h 1 MHz®

Note 1:

The IC interface does not conform to the 400 kHz 1C specification (which applies to rates greater than

100 kHz) in all details, but may be used with care where higher rates are required by the application.

© 2008 Microchip Technology Inc.
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17.4.9 I2C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 1°C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is
sampled low, the Baud Rate Generator is loaded with
the contents of SSPADD<5:0> and begins counting.
The SDA pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDA is sampled high, the SCL
pin will be deasserted (brought high). When SCL is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPADD<6:0> and begins count-
ing. SDA and SCL must be sampled high for one TBRG.
This action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out.

FIGURE 17-20:

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:

¢ SDA is sampled low when SCL goes
from low-to-high.

¢ SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to

transmit a data ‘1’.

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode, or the default first address in 10-bit mode. After
the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

17.49.1  WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCONZ2 is disabled until the Repeated
Start condition is complete.

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

SDA=1,
SCL (no change).

SDA

RSEN bit set by hardware
on falling edge of ninth clock,
end of Xmit

occurs here. SDA =1,
SCL=1

-
[+TBrG*TBRG —|>|<—T RG —
|
|
|

l l [«TBRG~|

S bit set by hardware
At completion of Start bit,

hardware clears RSEN bit
and sets SSPIF

“

1st bit X

Write to SSPBUF occurs here

B
I
|
|
|

| lTBRG
L 4
Sr = Repeated Start
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FIGURE 18-7: ASYNCHRONOUS RECEPTION
; Start Start Start
RX (pin) ALY CEYES stop\ bit_/ bi bit7/8/ Stop \ _bit it7/8/ St
(i) bir 1) GG Yoitzis/ stop\ oit_{ b0 Y G Yoit e/ stop\ it {5 Y 5/ Sep
Rev Shift Reg C M ] M CC :
Rcv Buffer Reg D) X D) D) ]
.T Word 1 Word 2 T !
Read Rcv C . RCREG (C RCREG CC : N
Buffer Reg ) T D) D) T
RCREG ! : )
RCIF C ' (C (C :
(Interrupt Flag) pD) I )0 )0 !
OERR bit S S S 1
CREN ¢ c( cC )
) ) J)J [
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word causing

the OERR (overrun) bit to be set.

TABLE 18-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Values
on page

INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 49
PIR1 psPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 psPIEW ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE 52
IPR1 psPip() ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
RCREG EUSART Receive Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’.
18.2.4 AUTO-WAKE-UP ON SYNC Following a wake-up event, the module generates an

BREAK CHARACTER

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper byte reception cannot be per-
formed. The auto-wake-up feature allows the controller
to wake-up due to activity on the RX/DT line while the
EUSART is operating in Asynchronous mode.

The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCON<1>). Once set, the typical receive
sequence on RX/DT is disabled and the EUSART
remains in an Idle state, monitoring for a wake-up event
independent of the CPU mode. A wake-up event
consists of a high-to-low transition on the RX/DT line.
(This coincides with the start of a Sync Break or a
Wake-up Signal character for the LIN protocol.)

RCIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 18-8) and asynchronously, if the device is in
Sleep mode (Figure 18-9). The interrupt condition is
cleared by reading the RCREG register.

The WUE bit is automatically cleared once a low-to-
high transition is observed on the RX line following the
wake-up event. At this point, the EUSART module is in
Idle mode and returns to normal operation. This signals
to the user that the Sync Break event is over.
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18.4 EUSART Synchronous
Slave Mode

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTA<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CK pin (instead of being supplied
internally in Master mode). This allows the device to
transfer or receive data while in any low-power mode.

18.4.1 EUSART SYNCHRONOUS

SLAVE TRANSMISSION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the Sleep
mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in the TXREG
register.

c) Flag bit, TXIF, will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit, TXIF, will now be
set.

e) If enable bit, TXIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt

To set up a Synchronous Slave Transmission:

1.

a s wDN

Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

Clear bits, CREN and SREN.

If interrupts are desired, set enable bit, TXIE.

If 9-bit transmission is desired, set bit, TX9.
Enable the transmission by setting enable bit,
TXEN.

If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

Start transmission by loading data to the
TXREGX register.

If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

vector.

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 psPIE® ADIE RCIE TXIE SSPIE | CCPlIE | TMR2IE | TMRI1IE 52
IPR1 psPip() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
TXREG EUSART Transmit Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’
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23.3

The Two-Speed Start-up feature helps to minimize the
latency period from oscillator start-up to code execution
by allowing the microcontroller to use the INTOSC
oscillator as a clock source until the primary clock
source is available. It is enabled by setting the IESO
Configuration bit.

Two-Speed Start-up

Two-Speed Start-up should be enabled only if the
primary oscillator mode is LP, XT, HS or HSPLL
(Crystal-Based modes). Other sources do not require
an OST start-up delay; for these, Two-Speed Start-up
should be disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the
internal oscillator block as the clock source, following
the time-out of the Power-up Timer after a Power-on
Reset is enabled. This allows almost immediate code
execution while the primary oscillator starts and the
OST is running. Once the OST times out, the device
automatically switches to PRI_RUN mode.

To use a higher clock speed on wake-up, the INTOSC
or postscaler clock sources can be selected to provide
a higher clock speed by setting bits, IRCF2:IRCFO,
immediately after Reset. For wake-ups from Sleep, the
INTOSC or postscaler clock sources can be selected
by setting the IRCF2:IRCFO bits prior to entering Sleep
mode.

FIGURE 23-2:

In all other power-managed modes, Two-Speed Start-
up is not used. The device will be clocked by the
currently selected clock source until the primary clock
source becomes available. The setting of the IESO bit
is ignored.

23.3.1 SPECIAL CONSIDERATIONS FOR

USING TWO-SPEED START-UP

While using the INTOSC oscillator in Two-Speed Start-
up, the device still obeys the normal command
sequences for entering power-managed modes,
including multiple SLEEP instructions (refer to
Section 3.1.4 “Multiple Sleep Commands”). In
practice, this means that user code can change the
SCS1:SCSO bit settings or issue SLEEP instructions
before the OST times out. This would allow an applica-
tion to briefly wake-up, perform routine “housekeeping”
tasks and return to Sleep before the device starts to
operate from the primary oscillator.

User code can also check if the primary clock source is
currently providing the device clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the clock. Otherwise,
the internal oscillator block is providing the clock during
wake-up from Reset or Sleep mode.

TIMING TRANSITION FOR TWO-SPEED START-UP (INTOSC TO HSPLL)

Q2 | Q3

QL | Q4

INTOSC ~ /—\:
Multiplexer . L ! : ! !

Wake from Interrupt Event OSTS bit Set

Note 1:

osct | YWY mmm M
! e——Tost)___o TPLL(l) : Lo
' . -~ ' n-l n L
PLL Clock : . \ Y
outpt : . ! \—/—\—/_\—/_\—/_\—ES—/—U—"—/_\J_\J—L/—\—/—LF\—(_\—
X \ : , . . 1q— Clock _,- ' X ! : ! : :
SN\ N\ N\ N\ Tenstion® e
CPU Clock . : : : '/_\_/_\_/—\_./_\_:/—\_/—\_/—\_
Peripheral :/—\:_/—\_/_\_/—\_/_\ X U AU
Clock : ! ! . : : '/_\_./_\_,/_\_./_\_:/_\_./—\_./—\_
Program  ; : , I
Counter PC{ X PC +2 ? X PC+4 X PC+6

TosT = 1024 Tosc; TpPLL = 2 ms (approx). These intervals are not shown to scale.
2: Clock transition typically occurs within 2-4 Tosc.
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BCF Bit Clear f
Syntax: BCF f, b{a}
Operands: 0<f<255
0<b<7
a e[0,1]
Operation: 0 — f<b>
Status Affected: None

Encoding: | 1001 [ bbba | fff | frff |
Description: Bit ‘b’ in register ‘f’ is cleared.
If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
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: BCF FLAG REG 7, O

Before Instruction
FLAG_REG = C7h

After Instruction

FLAG_REG = 47h

BN Branch if Negative
Syntax: BN n
Operands: -128 <n <127
Operation: if Negative bit is ‘1’,
(PC)+2+2n—>PC
Status Affected: None
Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Description: If the Negative bit is ‘1’, then the
program will branch.
The 2’s complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
‘n’ Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n’ Data operation
Example: HERE BN  Junp

Before Instruction

PC

address ( HERE)

After Instruction

If Negative
PC

If Negative
PC

1
address (Junp)
o:

address (HERE + 2)
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CPFSGT Compare f with W, Skip if f >W CPFSLT Compare f with W, Skip if f <W
Syntax: CPFSGT f{,a} Syntax: CPFSLT f{,a}
Operands: 0<f<255 Operands: 0<f<255
a e [0,1] a € [0,1]
Operation: H - W), Operation: ) — (W),

Status Affected:

Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

skip if (f) > (W)
(unsigned comparison)

None
| 0110 | 010a | frff | fEff |

Compares the contents of data memory
location ‘f’ to the contents of the W by
performing an unsigned subtraction.

If the contents of ‘f’ are greater than the
contents of WREG, then the fetched
instruction is discarded and a NOP is
executed instead, making this a
two-cycle instruction.

If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

1

12

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSGT REG, 0
NGREATER
GREATER

Before Instruction

PC
A

After Instruction

If RE

G
PC

If REG

PC

Address ( HERE)
= 2

W,

Address ( GREATER)
W,

Address ( NGREATER)

AN 1TV

Status Affected:

skip if (f) < (W)
(unsigned comparison)

None

Encoding: | o110 | oooa [ fftf [ ffft |
Description: Compares the contents of data memory
location ‘f’ to the contents of W by
performing an unsigned subtraction.
If the contents of ‘f’ are less than the
contents of W, then the fetched
instruction is discarded and a NOP is
executed instead, making this a
two-cycle instruction.
If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSLT REG 1
NLESS
LESS

Before Instruction

PC
w

After Instruction
If REG

PC

If REG

PC

Address ( HERE)
?

W;

Address ( LESS)
W,

Address ( NLESS)

mniwv 1A
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MULLW Multiply Literal with W MULWF Multiply W with f
Syntax: MULLW  k Syntax: MULWF  f{,a}
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) x k - PRODH:PRODL ae[01]
Status Affected: None Operation: (W) x (f) > PRODH:PRODL
Encoding: [ 0000 | 1101 | kkkk [ kkkk | Status Affected: None
Description: An unsigned multiplication is carried Encoding: | 0000 | 001a ‘ fref | fref ‘
out between the contents of W and the Description: An unsigned multiplication is carried
8-bit literal ‘k’. The 16-bit result is out between the contents of W and the
placed in the PRODH:PRODL register register file location ‘f’. The 16-bit
pair. PRODH contains the high byte. result is stored in the PRODH:PRODL
W is unchanged. register pair. PRODH contains the
None of the Status flags are affected. high byte. Both W and ‘f’ are
Note that neither Overflow nor Carry is unchanged.
possible in this operation. A Zero result None of the Status flags are affected.
is possible but not detected. Note that neither Overflow nor Carry is
Words: 1 poss@le in th!s operation. A Zero
result is possible but not detected.
Cycles: 1 If ‘a’ is ‘0", the Access Bank is
Q Cycle Activity: selected. If ‘a’ is ‘1’, the BSR is used
to select the GPR bank.
Q1 Q2 Q3 Q,4 If ‘a’is ‘0’ and the extended instruction
Decode _Reacf ’ Process Write set is enabled, this instruction
literal 'k Data registers operates in Indexed Literal Offset
PRODH: Addressing mode whenever
PRODL f <95 (5Fh). See Section 24.2.3
“Byte-Oriented and Bit-Oriented
Example; MULLW  0C4h Instructions in Indexed Literal Offset
. Mode” for details.
Before Instruction
W - Eoh Words: 1
PRODH = ? Cycles: 1
PRODL = ? | L
After Instruction Q Cycle Activity:
w = E2h Q1 Q2 Q3 Q4
PRODH = ADh Decode Read Process Write
PRODL = 08h register ‘f’ Data registers
PRODH:
PRODL
Example: MULWF REG 1
Before Instruction
W = Cé4h
REG = B5h
PRODH = ?
PRODL = ?
After Instruction
W = C4h
REG = B5h
PRODH = 8Ah
PRODL = 94h
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FIGURE 26-11: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)

CCPx

(Capture Mode) —m

50 v 51 —=.

:17 52 _—

CCPx % 1 Z Sk

(Compare or PWM Mode) . '

53— 54 -~

Note: Refer to Figure 26-5 for load conditions.

TABLE 26-12: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)

Pilrg\m Symbol Characteristic Min Max Units Conditions
50 TecL CCPx InputLow | No prescaler 0.5 Tcy + 20 — ns
Time With PIC18FXXXX 10 — ns
prescaler | p|Cc18L FXXXX 20 — ns |Vobp=2.0V
51 TccH CCPx Input No prescaler 0.5 Tcy + 20 — ns
High Time With PIC18FXXXX 10 — ns
prescaler | p|Cc18L FXXXX 20 — ns |Vobp=2.0V
52 TccP CCPx Input Period 3 Tcy +40 — ns |N =prescale
N value (1, 4 or 16)
53 TccR CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VbD=2.0V
54 TccF CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD=2.0V
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FIGURE 27-9: TYPICAL WDT CURRENT vs. Vbb ACROSS TEMPERATURE (WDT DELTA
CURRENT IN SLEEP MODE)

6.00

VDD (V)

FIGURE 27-10: MAXIMUM WDT CURRENT vs. VDb ACROSS TEMPERATURE (WDT DELTA
CURRENT IN SLEEP MODE)

12.0

10.0 | /
125C
8.0
85C
% /
< 6.0 1
g ]
25C -40C
4.0
2.0
0.0 ‘ ‘ ‘ ‘ ‘ ‘
2.0 25 3.0 35 4.0 45 5.0 55

VoD (V)
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44-L ead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

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

D EXPOSED D2
| PAD
|
E
o t—rr 77—
a0
LGS

Ak *
i/ AT IAS

N NOTE 1

TOP VIEW BOTTOM VIEW

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 6.30 6.45 6.80
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.30 6.45 6.80
Contact Width b 0.25 0.30 0.38
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - —

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
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 C04-103B
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DC CharacteristiCs .........ccviieriieiieiieeiii e 335
Power-Down and Supply Current ...........ccccvevnenne. 325
SUPPIY VORAGE ...oooeiieie e 324

DCFSNZ

DECF .....

DECFSZ

Development SUPPOIT ......cccveiiiiiieniiie e 317

Device Differences ........ccccoviiiiiiiiiciiiciice e 394

Device OVEIVIEW .........coieiiiiiiiiiiiec e 7
Details on Individual Family Members ...........cc.ccoceeene. 8
Features (table) ... 9
New Core Features ...........cccccovvviiiiiiiniiiie i 7
Other Special Features ........cccccoveerviieniiiie e 8

Device Reset Timers ........... ...45
Oscillator Start-up Timer (OST) ... ....45
PLL LOCK TiME-0UL .....oociiiiiiiiieiiiecie e 45
Power-up Timer (PWRT) ..ccoooiiiiiiiiiiiiieeee e 45
TIME-0Ut SEQUENCE ....oeeiniriiiiiiieeiie e 45

Direct AdAreSSiNg ......c.cooveiiieiiiiiieseee e 68

E

Effect on Standard PIC MCU Instructions .............ccccc..... 314

Effects of Power-Managed Modes on
Various ClocK SOUICES ........cccoocviiiiiiiiiiiiiicieces 31

Electrical Characteristics ...........ccooeeviiiiieiicniieieeee, 321

Enhanced Capture/Compare/PWM (ECCP) ........ccccceveee 147
Associated REgISIErS .......ccccovvveeiiiiieeiie e 160
Capture and Compare MOdes ..........cccoeeeeiueerveennen. 148
Capture Mode. See Capture (ECCP Module).

Outputs and Configuration ............cccoceeeiiiieeeiineenns 148

Pin Configurations for ECCPL ........cccccceiviiniiieiiennns 148

PWM Mode. See PWM (ECCP Module).

Standard PWM Mode .........ccocciiiiiiiiiiiiiciie 148

TIMEr RESOUICES .....oeeuiiiiiiiiieeiie et 148
Enhanced PWM Mode. See PWM (ECCP Module). ........ 149

Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART). See EUSART.

Equations
A/D AcqUISItION TIME .....coovvieiiiiieiiieeeeeee e 228
A/D Minimum Charging Time ........ccccccvevverivieneennen. 228

Calculating the Minimum Required
Acquisition Time

EFrata ..o
EUSART
ASYyNchronous MOde .........ccovvveeinieieniiee e 211
12-Bit Break Transmit and Receive ................. 216
Associated Registers, Receive ..........cccccoceeee. 214
Associated Registers, Transmit .............ccceee... 212
Auto-Wake-up on Sync Break ...........cc.cceeeueenee 214
RECEIVET ..ot 213
Setting up 9-Bit Mode with
Address Detect ........cccovvvvieeiieniiieneenn 213
TranSMItter .......occovviiiieii e 211
Baud Rate Generator
Operation in Power-Managed Mode ................ 205
Baud Rate Generator (BRG) ........ccccceeevenivinniiiiiens 205
Associated RegiSters ........ccoocveviiveeiiiiieeeinnenn. 206
Auto-Baud Rate Detect .........ccoeevveeiienneennen. 209
Baud Rate Error, Calculating ...........ccccoevveeen. 206
Baud Rates, Asynchronous Modes ................. 207
High Baud Rate Select (BRGH Bit) ................. 205
SAMPLING oo 205

Synchronous Master Mode ...........ccocceeveviiiieniennnene 217
Associated Registers, Receive .........ccccovueeene 219
Associated Registers, Transmit ...........cccccceee.. 218
Reception .......cccocvvcveniinnicnnene .. 219
Transmission ........ .. 217

Synchronous Slave Mode ................... .. 220
Associated Registers, Receive .........ccccovueeene 221
Associated Registers, Transmit ...........ccc.cceee... 220
RECEPLiON ..o 221
TranSMISSION .....coiiveieiiiiie e 220

Extended Instruction Set

ADDFSR ...ttt 310

ADDULNK ..o, . 310

and Using MPLAB IDE Tools . . 316

CALLW i .311

Considerations for USe .........ccccccoviiiiiiniciinicneennnn. 314

MOVSF oottt 311

MOVSS .. 312

PUSHL et 312

SUBFSR . . 313

SUBULNK ... .. 313

Syntax ............ .. 309

External Clock INPUL ......c.cooveiiiiiiiiicecee e 24
F

Fail-Safe Clock Monitor
Exiting Operation

Interrupts in Power-Managed Modes .............cccoc... 262
POR or Wake from Sleep .......cccccevvveeriinecnnieennnen. 262
WDT During Oscillator Failure ............ccccooevveninenenne 261
Fast Register Stack .........cccooiiiiiiiiiiiiiiec e 56
Firmware INStructions ...........ccccoceveiiiiiiiiic i 267
Flash Program MemOry .........cccccveiiiiieiiiiie e 79
Associated Registers .... ... 87
Control Registers ................ ... 80

EECON1 and EECON2 .............. ... 80

TABLAT (Table Latch) Register ..........cccccceeeeen. 82

TBLPTR (Table Pointer) Register ............ccceeeue. 82
Erase SeqUENCE .......ccccceeeeiiiiiiiiieeeeeeeee e
Erasing ....oocoeevoiiiiieiieciece e
Operation During Code-Protect .
REAAING ..eeviiiieie e
Table Pointer

Boundaries Based on Operation .............cc........ 82

Operations with TBLRD and

TBLWT (table) .....ccoovieviiiiiiiiciiieee

Table Pointer Boundaries ............cccocoiviiiiiiiinnnes
Table Reads and Table Writes .............cccccciiiiinins
WIIte SEQUENCE ...cevviiiiiiiiiiice e
WItING e

Protection Against Spurious Writes ..

Unexpected Termination ...............

WHIite VErifY ..oviiiiieiiiie e

FSCM. See Fail-Safe Clock Monitor.

Hardware MUltiplier ..o 89
INtrOAUCTION ..o 89
Operation
Performance Comparison ..........cccceevvienieiiieneennnn. 89
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High/Low-Voltage Detect ........c.ccovveiiieniiiiieniiiniiesiees 243
APPHICALIONS ... 246
Associated REQISIErS ........ccccveiiieeiiiiieiieee e 247
Characteristics ............. ..339
Current Consumption ... ..245
Effects of a Reset ......... .. 247
OPEIALION ...eeiviiiieiiiei et 244

DUring SIEEP ....eoovviiiiieiiiiee e 247
SEUUP oot 245
Start-up TIME ..oooiiiiiiiieee e 245
Typical Application ..........cccoviiiiieiiiiieiiieesee 246

HLVD. See High/Low-Voltage Detect. .........ccccovveriuvrennnn 243

I

HO POMS ittt 91

12C Mode (MSSP)

Acknowledge Sequence Timing .......ccccecvveervreernenne. 194
Baud Rate Generator ...........cccceeveveeeniieennieee e 187
Bus Collision

During a Repeated Start Condition .................. 198

During a Start Condition ............ccceeeviviernieenne 196

During a Stop Condition ..........ccccceevveiiiiennennnn. 199
Clock ArbItration ...........ccoveeeeriieeeineree e 188
Clock StretChing ....ococevveiiiiieee e 180

10-Bit Slave Receive Mode (SEN = 1) .180

10-Bit Slave Transmit Mode ............. ..180
7-Bit Slave Receive Mode (SEN = 1) ...180

7-Bit Slave Transmit Mode ...........ccoccverviennne 180
Clock Synchronization and the CKP bit

(SEN = 1) oo 181
Effects of a ReSet ........coovviiieiiiiiiiii e 195
General Call Address Support .......cccoeceveeeiieeeniineenns 184
12C Clock Rate W/BRG .......c..vvevveierinirsiies i 187
Master Mode ................

Operation ....

Reception

Repeated Start Condition Timing ..................... 190

Start Condition TIMING .....coovcvviiriieeiieeerieenn 189

TranSMISSION ...cccuveeiriieeiiieee e 191
Multi-Master Communication, Bus Collision

and Arbitration
Multi-Master Mode ....

Operation ........cccceeveveriieennens

Read/Write Bit Information (R/W Bit) .............. 174, 175
REQISLEIS ..o 170
Serial Clock (RC3/SCK/SCL) ...ccovovreiieiiiiiiienieeien, 175
SIAVE MOE ..o 174

AdAreSSINg ...ooveeeirieeiie e 174

RECEPLION ..o 175

Transmission ..... ..175
Sleep Operation ........... ...195
Stop Condition TiMING .....cveveeieeriiiiee e 194

ID LOCALIONS ...eeeniiiieiiiee ettt 249, 266

INCF e e 288

INCESZ .o 289

In-Circuit DEDUGET ......oovviiiiiiiiieiceieee e 266

In-Circuit Serial Programming (ICSP) .........cccceeveee. 249, 266

Indexed Literal Offset Addressing
and Standard PIC18 Instructions ...........cccccvveveenen. 314

Indexed Literal Offset MOde .........ccccevcvveeiiiieiniiicinieeee 314

Indirect AdAreSSiNg .......coceevieiiiieiieniiesee e 68

INFSNZ o e s 289

Initialization Conditions for all Registers ............cccccc... 49-52

INSLrUCtion CYCIE .....coooviiiiiiiiiccice e 57
Clocking SCheme ........cccooiviiiiiiiiic e 57

Instruction FIOW/PIpelining ........ccccoooveeniiieinie e 57

INSEIUCHON St ....ooiiiiiiicic e 267
ADDLW .o 273
ADDWE ..o 273
ADDWEF (Indexed Literal Offset Mode) .... 315

ADDWEFC ..... 274
ANDLW ..... 274
ANDWEF ..o 275
BC oo 275
BCF 276
BN o 276
BNC 277
BNN Lo 277

BTFSC s 280

BTG .

(70 )1V
(o131 =0 RO
(o1 c O
CPFSLT ...
DAW ........
DCFSNZ ...

DECFSZ ..ottt
Extended Instruction Set .........cccoccvveeeieiiiiiieeeeeeees 309
General Format ........ccccooovviiiieeie e 269
GOTO
INCF

NOP e
Opcode Field Descriptions ....
POP ...

RETLW

RLCF

SETF
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