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within electronic devices to control various functions,
rather than serving as standalone computers.
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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
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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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NOTES:
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13.2 Timer2 Interrupt

Timer2 can also generate an optional device interrupt.
The Timer2 output signal (TMR2 to PR2 match)
provides the input for the 4-bit output counter/
postscaler. This counter generates the TMR2 match
interrupt flag which is latched in TMR2IF (PIR1<1>).
The interrupt is enabled by setting the TMR2 Match
Interrupt Enable bit, TMR2IE (PIE1<1>).

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T20UTPS3:T20UTPSO0 (T2CON<6:3>).

FIGURE 13-1: TIMER2 BLOCK DIAGRAM

13.3 Timer2 Output

The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can be optionally used as the shift clock source
for the MSSP module operating in SPI mode.
Additional information is provided in Section 17.0
“Master Synchronous Serial Port (MSSP) Module”.

T20UTPS3:T20UTPS0

o | 1:1to1:16

—— > Set TMR2IF

Postscaler
A

» TMR2 Output
(to PWM or MSSP)

2
T2CKPS1:T2CKPSO ﬁj
Y Reset

A TMR2/PR2
Match

1:1, 1:4, 1:16
Fosc/4 Prescaler TMR2 Comparator |<‘,:‘ PR2 ‘
8 8 1
Internal Data Bus < : >
TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
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 | TMR1IE 52
IPR1 pspip®) ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 52
TMR2 |Timer2 Register 50
T2CON — T20UTPS3|T20UTPS2| T20UTPS1| T20UTPSO0| TMR20ON | T2CKPS1 | T2CKPSO0 50

PR2 Timer2 Period Register

50

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’.
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15.3

In Compare mode, the 16-bit CCPRXx register value is
constantly compared against either the TMR1 or TMR3
register pair value. When a match occurs, the CCPx pin
can be:

Compare Mode

* driven high

* driven low

« toggled (high-to-low or low-to-high)

« remain unchanged (that is, reflects the state of the
1/0 latch)

The action on the pin is based on the value of the mode
select bits (CCPxM3:CCPxM0). At the same time, the
interrupt flag bit, CCPxIF, is set.

1531 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.

15.3.2 TIMER1/TIMER3 MODE SELECTION

Timerl and/or Timer3 must be running in Timer mode
or Synchronized Counter mode if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

15.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCPxM3:CCPxMO0 = 1010), the corresponding CCPx
pin is not affected. Only a CCP interrupt is generated,
if enabled, and the CCPXIE bit is set.

15.3.4 SPECIAL EVENT TRIGGER

Both CCP modules are equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode to trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode
(CCPxM3:CCPxMO0 = 1011).

Note: t(r:llsagré%tr;? %%zzggrwpﬁglsgirtmltl fl(;:ﬁﬁ For either CCP module, the Special Event Trigger resets
(depending on device configuration) to the the Timer register pair for whichever timer resource is
default low level. This is not the PORTB or currently assigned as the module’s time base. This
PORTC I/O data; latch allows the CCPRX registers to serve as a programmable

: Period register for either timer.
The Special Event Trigger for CCP2 can also start an
A/D conversion. In order to do this, the A/D converter
must already be enabled.
FIGURE 15-2: COMPARE MODE OPERATION BLOCK DIAGRAM
Special Event Trigger
| CCPR1H | CCPRIL | Set CCP1IF (Timer1/Timer3 Reset)
CCP1 pin
™
Compare Output Q @
| Comparator I Mat?:h Logic R \/T
ﬁ TRIS
4 Output Enable

CCP1CON<3:0>

5 TMR1H | TMRIL 5
1 TMR3H | TMR3L 1
T3CCP1
T3CCP2

Special Event Trigger
(Timer1/Timer3 Reset, A/D Trigger)

CCP2 pin

| CCPR2H | CCPR2L |

Q % &

@ Set CCP2IF
| Comparator | Compare T Outp_ut
I "Match Logic
R
4

CCP2CON<3:0>

TRIS
Output Enable
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17.3.2 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCK is the clock output)

» Slave mode (SCK is the clock input)

e Clock Polarity (Idle state of SCK)

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

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

» Clock Rate (Master mode only)
« Slave Select mode (Slave mode only)

The MSSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then, the Buffer Full detect bit, BF
(SSPSTAT<0>) and the interrupt flag bit, SSPIF, are
set. This double-buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored and the write collision detect bit, WCOL

EXAMPLE 17-1:

LOADING THE SSPBUF (SSPSR) REGISTER

(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the following
write(s) to the SSPBUF register completed successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF (SSPSTAT<0>), indicates when
SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPlis only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. The SSPBUF must be read and/or
written. If the interrupt method is not going to be used,
then software polling can be done to ensure that a write
collision does not occur. Example 17-1 shows the
loading of the SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the MSSP status register (SSPSTAT)
indicates the various status conditions.

Note:  The SSPBUF register cannot be used with
read-modify-write instructions such as
BCF, BTFSC and COVF, etc.

Note: To avoid lost data in Master mode, a read of
the SSPBUF must be performed to clear the
Buffer Full (BF) detect bit (SSPSTAT<0>)
between each transmission.

LOOP BTFSS SSPSTAT, BF
BRA LooP ; No
MOVF SSPBUF, W

MOWIF  RXDATA

MOVF TXDATA, W
MOVWF  SSPBUF

; Has data been received (transmt conplete)?

; WREG reg = contents of SSPBUF
; Save in user RAM

i Wreg = contents of TXDATA
;New data to xmit

if data i s nmeaningful
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17.4.6.1  I1°C Master Mode Operation

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received 8 bits at a time. After
each byte is received, an Acknowledge bit is transmit-
ted. Start and Stop conditions indicate the beginning
and end of transmission.

The Baud Rate Generator used for the SPI mode
operation is used to set the SCL clock frequency for
either 100 kHz, 400 kHz or 1 MHz 12C operation. See
Section 17.4.7 “Baud Rate” for more detail.

A typical transmit sequence would go as follows:

1. The user generates a Start condition by setting
the Start Enable bit, SEN (SSPCON2<0>).

2. SSPIF is set. The MSSP module will wait the
required start time before any other operation
takes place.

3. The user loads the SSPBUF with the slave
address to transmit.

4. Address is shifted out the SDA pin until all 8 bits
are transmitted.

5. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCONZ2 register.

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

7. The user loads the SSPBUF with eight bits of
data.

8. Datais shifted out the SDA pin until all 8 bits are
transmitted.

9. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCONZ2 register.

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

11. The user generates a Stop condition by setting
the Stop Enable bit, PEN (SSPCON2<2>).

12. Interrupt is generated once the Stop condition is
complete.
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17.4.14 SLEEP OPERATION

While in Sleep mode, the I°2C module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

17.4.15 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

17.416 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit (SSPSTAT<4>) is set, or the
bus is Idle, with both the S and P bits clear. When the
bus is busy, enabling the MSSP interrupt will generate
the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed in
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
« Address Transfer

» Data Transfer

« A Start Condition

* A Repeated Start Condition

« An Acknowledge Condition

17.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a ‘1’ and the data sampled on the SDA pin =0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF, and reset the
1’c port to its Idle state (Figure 17-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine, and if the 12c
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are deasserted and the respective control bits in
the SSPCON2 register are cleared. When the user ser-
vices the bus collision Interrupt Service Routine, and if
the 1C bus is free, the user can resume communication
by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the
determination of when the bus is free. Control of the 12C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is Idle and the S and P bits are
cleared.

FIGURE 17-25: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
. Sample SDA. While SCL is high,
Data changes SDA line pulled low data doesn’t match what is driven
while SCL =0 by another source by the master.
l SDA released J Bus collision has occurred.
bymaster ] v v
SDA

BCLIF

SCL \ / \

Set bus collision
l interrupt (BCLIF)

© 2008 Microchip Technology Inc.
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18.2.4.1 Special Considerations Using

Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RX/DT, information with any state
changes before the Stop bit may signal a false End-Of-
Character (EOC) and cause data or framing errors. To
work properly, therefore, the initial character in the
transmission must be all ‘0’s. This can be 00h (8 bytes)
for standard RS-232 devices or 000h (12 bits) for LIN
bus.

Oscillator start-up time must also be considered,
especially in applications using oscillators with longer
start-up intervals (i.e., XT or HS mode). The Sync
Break (or wake-up signal) character must be of
sufficient length and be followed by a sufficient interval
to allow enough time for the selected oscillator to start
and provide proper initialization of the EUSART.

FIGURE 18-8:

18.2.4.2 Special Considerations Using

the WUE Bit

The timing of WUE and RCIF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the
EUSART in an Idle mode. The wake-up event causes a
receive interrupt by setting the RCIF bit. The WUE bit is
cleared after this when a rising edge is seen on RX/DT.
The interrupt condition is then cleared by reading the
RCREG register. Ordinarily, the data in RCREG will be
dummy data and should be discarded.

The fact that the WUE bit has been cleared (or is still
set) and the RCIF flag is set should not be used as an
indicator of the integrity of the data in RCREG. Users
should consider implementing a parallel method in
firmware to verify received data integrity.

To assure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering the Sleep mode.

AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION

1Q1| Q2| Q3| 4, Q1| 2] Q3] 4, 2| 02| 03] 4,01|Q2] Q3] Q4, Q1] Q2 Q3] Q4,Q1| Q2] Q3| 4,21]Q2] Q3] Q4,01 Q2] Q3]Q4,Q1|Q2|Q3]Q4, Q1| Q2] Q3|Q4,
osc1 MU U Uy Ui i i g

Note 1: The EUSART remains in Idle while the WUE bit is set.

. Bitset by'user — | D oo X : - . Auto-Cleared |

WUE bit®) ' / [ — : ; — , /'f/ . X
RX/DT Line + 7 : — T . ! m:/ - - )
RCIF ! | | : / ‘ ~

Cleared due to user read of RCREG —",

FIGURE 18-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

1Q1|02|03]04,01/92Q3]Q4,01|Q2 Q3 Q4 Q1 |22|Q3|Q4,Q1|Q2|Q3|Q4,Q1/ Q2| Q3]Q4/Q1|Q2| Q3| Q4, Q1| Q2| 3|4,
eI R WA WAWANRWRWAWRWEANRWRWAW, LF\I\I\J_\I\I\J_\JI_\I\I\J_\I\_F\ILF\_F\_/—\_/—\_/—\_
. Bit set by user . . . . ' . — Auto-Cleared
WUE bit® ! ; v ; ' r ' /} I l
RX/DT Line : : : y ; [ZZZZZF ot 1 l :
RCIE | . . . . : . . .

' ' ' T T Cleared due to user read of RCREG A

Sleep Command Executed Sleep Ends

sequence should not depend on the presence of Q clocks.
2:  The EUSART remains in Idle while the WUE bit is set.

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the oscillator is ready. This

© 2008 Microchip Technology Inc.
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REGISTER 19-3:

ADCON2: A/D CONTROL REGISTER 2

R/W-0

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

R/W-0

R/W-0 R/W-0

ADFM

— ACQT2 ACQT1 ACQTO

ADCS2

ADCS1 ADCSO0

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit

U = Unimplemented bit, read as ‘0’

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

X = Bit is unknown

bit 7

bit 6
bit 5-3

bit 2-0

Note 1:

ADFM: A/D Result Format Select bit

1 = Right justified

0 = Left justified

Unimplemented: Read as ‘0’

ACQT2:ACQTO: A/D Acquisition Time Select bits
111 =20 TAaD

110 =16 TAD

101 =12 TAaD

100 =8 TAD

011 =6 TAD

010 =4 TAD

001 =2 TAD

000 =0 Tap®

ADCS2:ADCSO0: A/D Conversion Clock Select bits
111 = Frc (clock derived from A/D RC oscillator)®)
110 = Fosc/64

101 = Fosc/16

100 = Fosc/4

011 = FRrc (clock derived from A/D RC oscillator)(l)
010 = Fosc/32

001 = Fosc/8

000 = Fosc/2

If the A/D FRC clock source is selected, a delay of one TCY (instruction cycle) is added before the A/D
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.

© 2008 Microchip Technology Inc.
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REGISTER 23-14: WDTCON: WATCHDOG TIMER CONTROL REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

u-0 u-0 u-0 u-0 u-0 u-0 u-0 R/W-0

— — — — — — SWDTEN®
bit 7 bit 0
Legend:

X = Bit is unknown

bit 7-1 Unimplemented: Read as ‘0’
bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit(})
1 = Watchdog Timer is on
0 = Watchdog Timer is off
Note 1: This bit has no effect if the Configuration bit, WDTEN, is enabled.
TABLE 23-22 SUMMARY OF WATCHDOG TIMER REGISTERS
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
RCON IPEN |SBOREN® | — — RI TO PD POR BOR 50
WDTCON — — — — — — SWDTEN 50
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Watchdog Timer.
Note 1. The SBOREN bit is only available when the BOREN1:BORENO Configuration bits = 01; otherwise, it is

disabled and reads as ‘0’. See Section 4.4 “Brown-out Reset (BOR)".

© 2008 Microchip Technology Inc.

DS39626E-page 259




PIC18F2525/2620/4525/4620

ANDWF AND W with f BC Branch if Carry
Syntax: ANDWF  f{,d{,a}} Syntax: BC n
Operands: 0<f<255 Operands: -128 <n <127
de[01] Operation: if Carry bit is “1’,
ae[0]] (PC) +2 +2n - PC
Operation: (W) .AND. (f) — dest Status Affected: None
Status Affected: N. Z Encoding: ‘ 1110 | 0010 ‘ nnnn | nnnn ‘
Encoding: ‘ 0001 | 01da ‘ frff | frff ‘ Description: If the Carry bit is ‘1’, then the program
Description: The contents of W are ANDed with will branch.
register ‘f'. If ‘d’ is ‘0’, the result is stored The 2’s complement number ‘2n’ is
in W. If‘d"is ‘1, the result is stored back added to the PC. Since the PC will have
in register ‘f’ (default). incremented to fetch the next
If ‘a’ is ‘0, the Access Bank is selected. instruction, the new address will be
If ‘a’is ‘1’, the BSR is used to select the PC + 2 + 2n. This instruction is then a
GPR bank. two-cycle instruction.
If ‘a’ is ‘0’ and the extended instruction Words: 1
set is enabled, this instruction operates '
in Indexed Literal Offset Addressing Cycles: 1(2)
mode whenever f <95 (5Fh). See Q Cycle Activity:
Section 24.2.3 “Byte-Oriented and If Jump:
Bit-Oriented Instructions in Indexed o1 Q2 Q3 Q4
Literal Offset Mode” for details.
Decode Read literal Process Write to PC
Words: 1 T Data
Cycles: 1 No No No No
Q Cycle Activity: operation operation operation operation
01 Q2 Q3 04 If No Jumgl o o5 o
Decode Read Process Write to -
register ‘f’ Data destination Decode Reac‘1n|‘|teral Pg);te;s ope’\rlgtion
Example: ANDWF RE! 0, O
G Example: HERE BC 5

Before Instruction .
Before Instruction

w f 17h PC = address (HERE)
o REG = C2h After Instruction
After Instruction If Carry = 1
w = 02h PC = address (HERE + 12)
REG = Cc2h If Carry = 0
PC = address (HERE + 2)
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MOVFF Move f to f MOVLB Move Literal to Low Nibble in BSR
Syntax: MOVFF fg,fq4 Syntax: MOVLW k
Operands: 0 <fy <4095 Operands: 0<k<255
0<fq=4095 Operation: k - BSR
Operation: (fs) ~ fg Status Affected:  None
Status Affected:  None Encoding: [ 0000 [ 0001 | kkkk [ kkkk |
Encoding: f Description: The eight-bit literal 'k’ is loaded into the
1st word (sourc_e) 1100 fref fFref frits Bank Select Register (BSR). The value of
2nd word (destin.) 1111 ffff ffff fiffy BSR<7:4> always remains ‘0", regardless
Description: The contents of source register ‘g’ are of the value of k7:Kky4.
moved to destination register ‘fy'". Words: 1
Location of source ‘fg’ can be anywhere '
in the 4096-byte data space (000h to Cycles: 1
FFFh) and location of destination ‘fy’ Q Cycle Activity:
can also be anywhere from 000h to 01 Q2 Q3 04
FFFh. ——
Either source or destination can be W Decode ) Reaq ’ Process \{Vf'te literal
(a useful special situation). literal 'k Data k'to BSR

MOVFF is particularly useful for
transferring a data memory location to a Example: NOVLB 5
peripheral register (such as the transmit

buffer or an /0 port). Before Instruction

The MOVFF instruction cannot use the « BSR Register = 02h
PCL, TOSU, TOSH or TOSL as the A erénssgué“o,” . omn
destination register. egister =
Words: 2
Cycles: 2(3)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
(src)
Decode No No Write
operation operation register ‘f’
No dummy (dest)
read
Example: MOVFF REGL, RE&
Before Instruction
REG1 = 33h
REG2 = 11h
After Instruction
REG1 = 33h
REG2 = 33h
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24.2.3 BYTE-ORIENTED AND
BIT-ORIENTED INSTRUCTIONS IN
INDEXED LITERAL OFFSET MODE

Note: Enabling the PIC18 instruction set
extension may cause legacy applications

to behave erratically or fail entirely.

In addition to eight new commands in the extended set,
enabling the extended instruction set also enables
Indexed Literal Offset Addressing mode (Section 5.5.1
“Indexed Addressing with Literal Offset”). This has
a significant impact on the way that many commands of
the standard PIC18 instruction set are interpreted.

When the extended set is disabled, addresses embed-
ded in opcodes are treated as literal memory locations:
either as a location in the Access Bank (‘a’ = 0) orin a
GPR bank designated by the BSR (‘a’ = 1). When the
extended instruction set is enabled and ‘a’ = O,
however, a file register argument of 5Fh or less is
interpreted as an offset from the pointer value in FSR2
and not as a literal address. For practical purposes, this
means that all instructions that use the Access RAM bit
as an argument — that is, all byte-oriented and bit-
oriented instructions, or almost half of the core PIC18
instructions — may behave differently when the
extended instruction set is enabled.

When the content of FSR2 is 00h, the boundaries of the
Access RAM are essentially remapped to their original
values. This may be useful in creating backward
compatible code. If this technique is used, it may be
necessary to save the value of FSR2 and restore it
when moving back and forth between C and assembly
routines in order to preserve the Stack Pointer. Users
must also keep in mind the syntax requirements of the
extended instruction set (see Section 24.2.3.1
“Extended Instruction Syntax with Standard PIC18
Commands”).

Although the Indexed Literal Offset Addressing mode
can be very useful for dynamic stack and pointer
manipulation, it can also be very annoying if a simple
arithmetic operation is carried out on the wrong
register. Users who are accustomed to the PIC18
programming must keep in mind that, when the
extended instruction set is enabled, register addresses
of 5Fh or less are used for Indexed Literal Offset
Addressing mode.

Representative examples of typical byte-oriented and
bit-oriented instructions in the Indexed Literal Offset
Addressing mode are provided on the following page to
show how execution is affected. The operand
conditions shown in the examples are applicable to all
instructions of these types.

24.2.3.1 Extended Instruction Syntax with
Standard PIC18 Commands

When the extended instruction set is enabled, the file
register argument, ‘f', in the standard byte-oriented and
bit-oriented commands is replaced with the literal offset
value, ‘K'. As already noted, this occurs only when ‘f’ is
less than or equal to 5Fh. When an offset value is used,
it must be indicated by square brackets (“[ ]”). As with
the extended instructions, the use of brackets indicates
to the compiler that the value is to be interpreted as an
index or an offset. Omitting the brackets, or using a
value greater than 5Fh within brackets, will generate an
error in the MPASM Assembler.

If the index argument is properly bracketed for Indexed
Literal Offset Addressing mode, the Access RAM
argument is never specified; it will automatically be
assumed to be ‘0. This is in contrast to standard
operation (extended instruction set disabled) when ‘a’
is set on the basis of the target address. Declaring the
Access RAM bit in this mode will also generate an error
in the MPASM Assembler.

The destination argument, ‘d’, functions as before.

In the latest versions of the MPASM assembler,
language support for the extended instruction set must
be explicitly invoked. This is done with either the
command line option, /y, or the PE directive in the
source listing.

24.2.4 CONSIDERATIONS WHEN
ENABLING THE EXTENDED
INSTRUCTION SET

It is important to note that the extensions to the instruc-
tion set may not be beneficial to all users. In particular,
users who are not writing code that uses a software
stack may not benefit from using the extensions to the
instruction set.

Additionally, the Indexed Literal Offset Addressing
mode may create issues with legacy applications
written to the PIC18 assembler. This is because
instructions in the legacy code may attempt to address
registers in the Access Bank below 5Fh. Since these
addresses are interpreted as literal offsets to FSR2
when the instruction set extension is enabled, the
application may read or write to the wrong data
addresses.

When porting an application to the PIC18F2525/2620/
4525/4620, it is very important to consider the type of
code. A large, re-entrant application that is written in ‘C’
and would benefit from efficient compilation will do well
when using the instruction set extensions. Legacy
applications that heavily use the Access Bank will most
likely not benefit from using the extended instruction
set.
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ADD W to Indexed Bit Set Indexed
ADDWF . BSF .
(Indexed Literal Offset mode) (Indexed Literal Offset mode)
Syntax: ADDWF  [K] {,d} Syntax: BSF [k], b
Operands: 0<k<95 Operands: 0<f<95
d e [0,1] 0<b<7
Operation: (W) + ((FSR2) + k) — dest Operation: 1 - ((FSR2) + k)<b>
Status Affected: N, OV, C,DC, Z Status Affected: None
Encoding: | 0010 | 01d0 | kkkk | Kkkk | Encoding: | 1000 | bbbo | Kkkk [ kkkk |
Description: The contents of W are added to the Description: Bit ‘b’ of the register indicated by FSR2,
contents of the register indicated by offset by the value ‘K’ is set.
FSR2, offset by the value ‘K. Words: 1
If ‘d’ is ‘0’, the result is stored in W. If ‘d’ '
is ‘17, the result is stored back in Cycles: 1
register 'f' (default). Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read Process Write to
Q Cycle Activity: register ‘f’ Data destination
Q1 Q2 Qs Q4 Example: BSF [ FLAG OFST], 7
Decode Read ‘K’ Process Write to .
Data destination Before Instruction
FLAG_OFST = 0OAh
FSR2 =  0AQ0Oh
Example: ADDWF [OFST], O Contents
. of 0AOAh = 55h
Before Instruction )
After Instruction
W = 17h Contents
OFST = 2Ch of OAOAh = D5h
FSR2 = 0AO0Oh
Contents
of 0A2Ch = 20h
After Instruction
w = 37h
Contents SETF Set Indexepl
of 0A2Ch =  20h (Indexed Literal Offset mode)
Syntax: SETF [K]
Operands: 0<k<95
Operation: FFh — ((FSR2) + k)
Status Affected: None
Encoding: ‘ 0110 | 1000 ‘ kkkk | kkkk ‘
Description: The contents of the register indicated by
FSR2, offset by ‘k’, are set to FFh.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read ‘K’ Process Write
Data register
Example: SETF [ OFST]
Before Instruction
OFST = 2Ch
FSR2 = 0AO0Oh
Contents
of 0A2Ch = 00h
After Instruction
Contents
of 0A2Ch = FFh
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FIGURE 26-23: A/D CONVERSION TIMING

AD CLK®W <132, || l—‘ l—l ’—‘ |—| ’—‘ l_l ’—‘

A/D DATA
ADRES OLD_DATA >< NEW_DATA
ADIF E E _'E Tey
GO | : DONE

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.

BSF ADCONO, GO><

—| =— (Note2) 131 :
Q4 ' : :

' —-: 130 :q_

Ko X s X m XXX X X o X

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

TABLE 26-25: A/D CONVERSION REQUIREMENTS
P?\lr;m Symbol Characteristic Min Max | Units Conditions
130 |Tap AID Clock Period PIC18FXXXX 0.7 | 25.00 | us |[Tosc based, VREF > 3.0V
PIC18LFXXXX 1.4 | 25.00 | us |vop=2.0V;
Tosc based, VREF full range
PIC18FXXXX — 1 us |A/D RC mode
PIC18LFXXXX — 3 us |VDD = 2.0V; A/D RC mode
131 Tcnv Conversion Time 11 12 TAD
(not including acquisition time) (Note 2)
132 TACQ Acquisition Time (Note 3) 1.4 — pus [-40°C to +85°C
135 Tswc Switching Time from Convert — Sample — (Note 4)
TBD |TpIS Discharge Time 0.2 — us
Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
2: ADRES register may be read on the following Tcy cycle.
3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale
after the conversion (VDD to Vss or Vss to VDD). The source impedance (Rs) on the input channels is 50Q.
4: On the following cycle of the device clock.
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FIGURE 27-37: INTOSC FREQUENCY vs. Vbb, TEMPERATURE (-40°C, +25°C, +85°C, +125°C)
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FIGURE 27-38: INTRC vs. VDb ACROSS TEMPERATURE (-40°C TO +125°C)
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FIGURE 27-39: WDT PERIOD vs. VDD ACROSS TEMPERATURE (1:1 POSTSCALER,
-40°C TO +125°C)
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NOTES:
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44-L ead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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[ SILK SCREEN
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RECOMMENDED LAND PATTERN

- LUODOobOoOE—-

Units MILLIMETERS

Dimension Limits| MIN_ | NOM | MAX
Contact Pitch E 0.80 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X44) X1 0.55
Contact Pad Length (X44) Y1 1.50
Distance Between Pads G 0.25

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

Microchip Technology Drawing No. C04-2076A
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