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PIC18F2525/2620/4525/4620

FIGURE 1-1:

PIC18F2525/2620 (28-PIN) BLOCK DIAGRAM
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2: RES3is only available when MCLR functionality is disabled.

3:  OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as digital 1/0.
Refer to Section 2.0 “Oscillator Configurations” for additional information.

PORTC

RA4/TOCKI/C1OUT
RAS/AN4/SS/HLVDIN/C20UT
0SC2/CLKOC)/RAB
OSC1/CLKI®/RAT

RAO/ANO

RA1/AN1
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RB6/KBI2/PGC
RB7/KBI3/PGD

RCO/T10SO/T13CKI
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RC3/SCK/SCL

RC4/SDI/SDA
RC5/SDO

RC6/TX/CK

PORTE
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Comparator CCP1 CcCP2 MSSP EUSART llgl—DBCit
Note 1: CCP2is multiplexed with RC1 when Configuration bit, CCP2MX,; is set, or RB3 when CCP2MX is not set.
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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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4.6 Reset State of Registers

Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset
state” depending on the type of Reset that occurred.

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal oper-
ation. Status bits from the RCON register, RI, TO, PD,
POR and BOR, are set or cleared differently in different
Reset situations, as indicated in Table 4-3. These bits
are used in software to determine the nature of the

Reset.

Table 4-4 describes the Reset states for all of the
Special Function Registers. These are categorized by
Power-on and Brown-out Resets, Master Clear and
WDT Resets and WDT wake-ups.

TABLE 4-3: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION
FOR RCON REGISTER
Program RCON Register STKPTR Register
Condition o — T T = T——T——
ounter | SBOREN | RI | TO | PD |POR|BOR| STKFUL | STKUNF

Power-on Reset 0000h 1 1 1 1 0 0 0 0
RESET Instruction 0000h u@ 0 u u u u u u
Brown-out Reset 0000h u@ 1 1 1 u 0 u u
MCLR during power-managed 0000h u@ u 1 u u u u u
Run Modes

MCLR during power-managed 0000h u@ u 1 0 u u u u
Idle modes and Sleep mode

WDT time-out during full power 0000h u@ u 0 u u u u u
or power-managed Run mode

MCLR during full-power 0000h u@ u u u u u u u
execution

Stack Full Reset (STVREN = 1) 0000h u®@ u u u u u 1

Stack Underflow Reset 0000h u@ u u u u u u

(STVREN =1)

Stack Underflow Error (not an 0000h u® u u u u u u 1
actual Reset, STVREN = 0)

WDT time-out during PC +2 u® u 0 0 u u u u
power-managed Idle or Sleep

modes

Interrupt exit from PC + 2 u@ u u 0 u u u u
power-managed modes

Legend: u =unchanged

Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the

interrupt vector (008h or 0018h).

2: Reset state is ‘1’ for POR and unchanged for all other Resets when software BOR is enabled
(BOREN1:BORENO Configuration bits = 01 and SBOREN = 1); otherwise, the Reset state is ‘0’.
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FIGURE 5-5: DATA MEMORY MAP FOR PIC18F2525/2620/4525/4620 DEVICES
BSR<3:0> Data Memory Map Whena=0:
The BSR is ignored and the
- 0000 00h Access RAM 8(;22 Access Bank is used.
Banko = F — — — — 080h The first 128 bytes are
FFh GPR OEEh general purpose RAM
=0001 00h 100h (from Bank 0).
» Bank 1 GPR The second 128 bytes are
FFh 1FFh Special Function Registers
=0010 00h 200h (from Bank 15).
Bank 2 GPR
FFh 2FFh Whena=1:
= 00h 300h
0011 Bank 3 GPR The BSR specifies the Bank
FFh 3FFh used by the instruction.
- 00h 400h
= 0100 Bank 4 GPR
FFh 4FFh
= 0101 00h 500h
Bank 5 GPR
FFh 5FFh
=0110 00h 600h
Bank 6 GPR
EFh 6EFh Access Bank
-0111 00h 700h 00h
Bank 7 GPR Access RAM Low Fh
FFh SSOFE 'Access RAM High| 80h
= 00h SFRs
1000 Bank 8 PR ( ) FER
FFh 8FFh
=1001 00h 900h
Bank 9 GPR
FFh 9FFh
= 00h A00h
1010 Bank 10 GPR
FFh AFFh
= 00h BOOh
1011 Bank 11 GPR
FFh BFFh
= CO0h
1100 Bank 12 00h GPR
EEh CFFh
= DOOh
1101 Bank 13 00h GPR
FFh DFFh
= 00h EQOOh
1110 Bank 14 GPR
FFh EFFh
= 1111 oh| PR R
L > Bank15 | — — — — A £80h
FFh SFR FFFh
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9.6 Parallel Slave Port The timing for the control signals in Write and Read
modes is shown in Figure 9-3 and Figure 9-4,
Note:  The Parallel Slave Port is only available on respectively.
40/44-pin devices.
In addition to its function as a general 1/0 port, PORTD FIGURE 9-2: PORTD AND PORTE
can also operate as an 8-bit wide Parallel Slave Port BLOCK DIAGRAM
(PSP) or microprocessor port. PSP operation is (PARALLEL SLAVE PORT)
controlled by the 4 upper bits of the TRISE register
(Register 9-1). Setting control  bit, PSPMODE One bit of PORTD
(TRISE<4>), enables PSP operation as long as the Fombee o T T T T~ 1
Enhanced CCP module is not operating in dual output D 0 II/\ - iE
or quad output PWM mode. In Slave mode, the port is | ROx pin
asynchronously readable and writable by the external XYR LATD CK
world. WR PORTD I
Data Latch TTL

The PSP can directly interface to an 8-bit micro-

I

I

I

I
processor data bus. The external microprocessor can [ "—ﬂ*‘? D
read or write the PORTD latch as an 8-bit latch. Setting |

I

I

I

the control bit, PSPMODE, enables the PORTE I/O RD PORTD EN I
pins to become control inputs for the microprocessor
port. When set, port pin REQ is the RD input, RE1 is the
WR input and RE2 is the CS (Chip Select) input. For
this functionality, the corresponding data direction bits

of the TRISE register (TRISE<2:0>) must be config- L—— — — — — -~ -—_—— = =4
ured as inputs (set). The A/D port configuration bits,  Setlinterrupt Flag /"~ £
PFCG3:PFCGO (ADCON1<3:0>), must also be setto a PSP (PIRI<TS)

value in the range of ‘1010’ through ‘1111".

A write to the PSP occurs when both the CS and WR
lines are first detected low and ends when either are
detected high. The PSPIF and IBF flag bits are both set
when the write ends.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The data in PORTD is read
out and the OBF bit is clear. If the user writes new data
to PORTD to set OBF, the data is immediately read out;
however, the OBF bit is not set.

When either the CS or RD lines are detected high, the
PORTD pins return to the input state and the PSPIF bit
is set. User applications should wait for PSPIF to be set
before servicing the PSP; when this happens, the IBF
and OBF bits can be polled and the appropriate action
taken.

PORTE Pins

Note: /O pins have diode protection to VDD and Vss.
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FIGURE 9-3: PARALLEL SLAVE PORT WRITE WAVEFORMS
» Q1 | Q2 [ Q3 | Q4 Q1 [ @ [ e | Q@ Q| Q| e[ o4
s\ : /
WR AN |
R ' |\
PORTD<7:0> 4( \ \ >
IBF \ \\*/
OBF \ !
PSPIF \*/
FIGURE 9-4: PARALLEL SLAVE PORT READ WAVEFORMS
Q1 | 2 [ Q3 | Qo Q1 | @ [ e | @ . Q|0 | e[ Q4
cs 1\ /
WR | |
RO \
PORTD<7:0> —! | —
IBF . \
OBF ; ~\ \
PSPIF ! N /
TABLE 9-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 52
LATD PORTD Data Latch Register (Read and Write to Data Latch) 52
TRISD PORTD Data Direction Control Register 52
PORTE — — — — RE3 RE2 RE1 REO 52
LATE — — — — — LATE Data Output bits 52
TRISE IBF OBF IBOV | PSPMODE — TRISE2 | TRISE1 | TRISEO 52
INTCON | GIE/GIEH | PEIE/GIEL | TMROIF INTOIE RBIE TMROIF INTOIF RBIF 49
PIR1 PsPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 PsSPIEW ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE 52
IPR1 psPip) ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMRI1IP 52
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO 51
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’

© 2008 Microchip Technology Inc. DS39626E-page 107
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12.2 Timerl 16-Bit Read/Write Mode

Timerl can be configured for 16-bit reads and writes
(see Figure 12-2). When the RD16 control bit
(TLCON<T7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timerl. A read
from TMRL1L will load the contents of the high byte of
Timerl into the Timerl high byte buffer. This provides
the user with the ability to accurately read all 16 bits of
Timerl without having to determine whether a read of
the high byte, followed by a read of the low byte, has
become invalid due to a rollover between reads.

A write to the high byte of Timerl must also take place
through the TMR1H Buffer register. The Timerl high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits to both the high and low bytes of Timer1 at once.

The high byte of Timerl is not directly readable or
writable in this mode. All reads and writes must take
place through the Timerl High Byte Buffer register.
Writes to TMR1H do not clear the Timerl prescaler.
The prescaler is only cleared on writes to TMR1L.

12.3 Timerl Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins T10SI (input) and T10SO (amplifier
output). It is enabled by setting the Timerl Oscillator
Enable bit, TLOSCEN (T1CON<3>). The oscillator is a
low-power circuit rated for 32 kHz crystals. It will
continue to run during all power-managed modes. The
circuit for a typical LP oscillator is shown in Figure 12-3.
Table 12-1 shows the capacitor selection for the Timerl
oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timerl oscillator.

FIGURE 12-3: EXTERNAL COMPONENTS
FOR THE TIMER1

LP OSCILLATOR

C1
27 pF PIC18FXXXX

F——— X} T10sI

— XTAL
— 32.768 kHz

f—+—X]{ 11050
c2
27 pF

Note: See the Notes with Table 12-1 for additional
information about capacitor selection.

TABLE 12-1: CAPACITOR SELECTION FOR
THE TIMER OSCILLATOR

Osc Type Freq C1 Cc2

LP 32 kHz 27 pF® 27 pr®

Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.

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

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

4: Capacitor values are for design guidance

only.

1231 USING TIMER1 AS A
CLOCK SOURCE

The Timer1 oscillator is also available as a clock source
in power-managed modes. By setting the clock select
bits, SCS1:SCS0 (OSCCON<1:0>), to ‘01’, the device
switches to SEC_RUN mode; both the CPU and
peripherals are clocked from the Timer1 oscillator. If the
IDLEN bit (OSCCON<7>) is cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode. Additional details are available in Section 3.0
“Power-Managed Modes”.

Whenever the Timerl oscillator is providing the clock
source, the Timerl system clock status flag, TLIRUN
(TLCON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timerl oscillator fails while providing the clock, polling
the TIRUN bit will indicate whether the clock is being
provided by the Timer1 oscillator or another source.

12.3.2 LOW-POWER TIMER1 OPTION

The Timerl oscillator can operate at two distinct levels
of power consumption based on device configuration.
When the LPT10SC Configuration bit is set, the Timerl
oscillator operates in a low-power mode. When
LPT10OSC is not set, Timerl operates at a higher power
level. Power consumption for a particular mode is
relatively constant, regardless of the device’s operating
mode. The default Timerl configuration is the higher
power mode.

As the low-power Timerl mode tends to be more
sensitive to interference, high noise environments may
cause some oscillator instability. The low-power option is,
therefore, best suited for low noise applications where
power conservation is an important design consideration.

© 2008 Microchip Technology Inc.
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FIGURE 17-5:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)
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>< bit 6 >< bit 5 >< bit 4 >< bit 3 >< bit 2 >< bitli

(SMP = 0)

SSPIF
Interrupt

Flag

SSPSR to
SSPBUF
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FIGURE 17-6:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)
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Interrupt
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SSPSR to
SSPBUF

+ Next Q4 Cycle
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REGISTER 17-4: SSPCON1: MSSP CONTROL REGISTER 1 (I2CT"’I MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wCoL sspov | SsSPEN® CKP SsPM3 | sSSPM2 | SSPML SSPMO
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 WCOL: Write Collision Detect bit

In Master Transmit mode:

1= A write to the SSPBUF register was attempted while the 1°C conditions were not valid for a
transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit.

bit 6 SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte (must be cleared in
software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode.

bit 5 SSPEN: Master Synchronous Serial Port Enable bit?)

1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: SCK Release Control bit

In Slave mode:
1 = Releases clock
0 = Holds clock low (clock stretch), used to ensure data setup time

In Master mode:
Unused in this mode.

bit 3-0 SSPM3:SSPMO0: Master Synchronous Serial Port Mode Select bits(@)
1111 = I2C Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (Slave Idle)
1000 = I2C Master mode, clock = Fosc/(4 * (SSPADD + 1))
0111 = I°C Slave mode, 10-bit address
0110 = I2C Slave mode, 7-bit address
Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.

Note 1: When enabled, the SDA and SCL pins must be properly configured as inputs or outputs.
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18.1.3 AUTO-BAUD RATE DETECT

The Enhanced USART module supports the automatic
detection and calibration of baud rate. This feature is
active only in Asynchronous mode and while the WUE
bit is clear.

The automatic baud rate measurement sequence
(Figure 18-1) begins whenever a Start bit is received
and the ABDEN bhit is set. The calculation is
self-averaging.

In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RX signal, the RX signal is timing the BRG. In
ABD mode, the internal Baud Rate Generator is used
as a counter to time the bit period of the incoming serial
byte stream.

Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Rate
Detect must receive a byte with the value, 55h (ASCII
“U”, which is also the LIN bus Sync character), in order
to calculate the proper bit rate. The measurement is
taken over both a low and a high bit time in order to min-
imize any effects caused by asymmetry of the incoming
signal. After a Start bit, the SPBRG begins counting up,
using the preselected clock source on the first rising
edge of RX. After eight bits on the RX pin or the fifth ris-
ing edge, an accumulated value totalling the proper BRG
period is left in the SPBRGH:SPBRG register pair. Once
the 5th edge is seen (this should correspond to the Stop
bit), the ABDEN bit is automatically cleared.

If a rollover of the BRG occurs (an overflow from FFFFh
to 0000h), the event is trapped by the ABDOVF status
bit (BAUDCON<7>). It is set in hardware by BRG
rollovers and can be set or cleared by the user in
software. ABD mode remains active after rollover
events and the ABDEN bit remains set (Figure 18-2).

While calibrating the baud rate period, the BRG
registers are clocked at 1/8th the preconfigured clock
rate. Note that the BRG clock will be configured by the
BRG16 and BRGH bits. Independent of the BRG16 bit
setting, both the SPBRG and SPBRGH will be used as
a 16-bit counter. This allows the user to verify that no
carry occurred for 8-bit modes by checking for 00h in
the SPBRGH register. Refer to Table 18-4 for counter
clock rates to the BRG.

While the ABD sequence takes place, the EUSART
state machine is held in Idle. The RCIF interrupt is set
once the fifth rising edge on RX is detected. The value
in the RCREG needs to be read to clear the RCIF
interrupt. The contents of RCREG should be discarded.

Note 1: If the WUE bit is set with the ABDEN bit,
Auto-Baud Rate Detection will occur on
the byte following the Break character.

2: Itis up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible
due to bit error rates. Overall system
timing and communication baud rates
must be taken into consideration when
using the Auto-Baud Rate Detection
feature.

TABLE 18-4: BRG COUNTER
CLOCK RATES

BRG16 | BRGH BRG Counter Clock
0 0 Fosc/512
0 1 Fosc/128
1 0 Fosc/128
1 1 Fosc/32

Note: During the ABD sequence, SPBRG and
SPBRGH are both used as a 16-bit counter,
independent of BRG16 setting.

18.1.3.1 ABD and EUSART Transmission

Since the BRG clock is reversed during ABD acquisi-
tion, the EUSART transmitter cannot be used during
ABD. This means that whenever the ABDEN bit is set,
TXREG cannot be written to. Users should also ensure
that ABDEN does not become set during a transmit
sequence. Failing to do this may result in unpredictable
EUSART operation.

© 2008 Microchip Technology Inc.
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FIGURE 18-1: AUTOMATIC BAUD RATE CALCULATION

BRa vaiue oot ) ooeon | 0000000000000 o

I — Edge #1 /—Edge #2 Edge #3 Edge #4 rEdge #5
RX pin | Start [ Bito | Bitl [ Bit2 | _Bit3 [ Bjt4 | Bit5 [ Bite | Bit7 [ Stop Bit

BRG Clock

Set by User—\ ! /:— Auto-Cleared

ABDEN bit . \ !

RCIF bit
(Interrupt)

Read
RCREG ]

SPBRG : *XXXXh

SPBRGH XXXXh X 00h

Note: The ABD sequence requires the EUSART module to be configured in Asynchronous mode and WUE = 0.

FIGURE 18-2: BRG OVERFLOW SEQUENCE

BRG Clock B q

cC
ABDEN bit / JJ
RX pin | sat [ Bito | cc
)
ABDOVF bit cc /
)

FFFFh

BRG Vale | xxxxh | 0000h O O 0 0 Y ™
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19.8 Use of the CCP2 Trigger

An A/D conversion can be started by the Special Event
Trigger of the CCP2 module. This requires that the
CCP2M3:CCP2M0O  bits  (CCP2CON<3:0>) be
programmed as ‘1011’ and that the A/D module is
enabled (ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D acquisition
and conversion and the Timerl (or Timer3) counter will
be reset to zero. Timerl (or Timer3) is reset to automat-
ically repeat the A/D acquisition period with minimal

software overhead (moving ADRESH:ADRESL to the
desired location). The appropriate analog input
channel must be selected and the minimum acquisition
period is either timed by the user, or an appropriate
TACQ time selected before the Special Event Trigger
sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared), the
Special Event Trigger will be ignored by the A/D module
but will still reset the Timerl (or Timer3) counter.

TABLE 19-2: REGISTERS ASSOCIATED WITH A/D OPERATION
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 PSPIFWD) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 PSPIED ADIE RCIE TXIE SSPIE CCPlIE | TMR2IE | TMRI1IE 52
IPR1 pspIp® ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 52
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMR3IF | CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 52
ADRESH | A/D Result Register High Byte 51
ADRESL | A/D Result Register Low Byte 51
ADCONO — — CHS3 CHS2 CHS1 CHSO |GO/DONE| ADON 51
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO 51
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO 51
PORTA RA7( RA6( RA5 RA4 RA3 RA2 RA1 RAO 52
TRISA TRISA7@ |TRISA6(® |PORTA Data Direction Control Register 52
PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 RB1 RBO 52
TRISB PORTB Data Direction Control Register 52
LATB PORTB Data Latch Register (Read and Write to Data Latch) 52
PORTE® — — — — RE3() RE2 RE1 REO 52
TRISE® IBF OBF IBOV PSPMODE — TRISE2 TRISE1 | TRISEO 52
LATE® — — — — — PORTE Data Latch Register 52
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: These bits are unimplemented on 28-pin devices; always maintain these bits clear.

2: PORTAK7:6> and their direction bits are individually configured as port pins based on various primary

oscillator modes. When disabled, these bits read as ‘0.
3:  RES3 port bit is available only as an input pin when the MCLRE Configuration bit is ‘0.
4: These registers are not implemented on 28-pin devices.
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22.1 Operation

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a
trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.
When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

FIGURE 22-1:

The trip point voltage is software programmable to any one
of 16 values. The trip point is selected by programming the
HLVDL3:HLVDLO bits (HLVDCON<3:0>).

The HLVD module has an additional feature that allows
the user to supply the trip voltage to the module from an
external source. This mode is enabled when bits
HLVDL3:HLVDLO are set to ‘1111'. In this state, the
comparator input is multiplexed from the external input
pin, HLVDIN. This gives users flexibility because it
allows them to configure the High/Low-Voltage Detect
interrupt to occur at any voltage in the valid operating
range.

HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT)

Externally Generated
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:
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HLVDIN
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[

16-to-1 MUX

Internal Voltage
BOREN Reference

T
: §:
|
| . .
| . .
|
I
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§ |
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= |
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________________ -
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| Register |
HLVDEN VDIRMAG |

|
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Set |

HLVDIF |

:D |
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22.6

Operation During Sleep

When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake-up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.

22.7

Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off.

TABLE 22-1: REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT MODULE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Values
on Page
HLVDCON | VDIRMAG — IRVST | HLVDEN | HLVDL3 | HLVDL2 | HLVDL1 | HLVDLO 50
INTCON GIE/GIEH |PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 49
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMRS3IF CCP2IF 52
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMRS3IP CCP2IP 52
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the HLVD module.
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REGISTER 23-8: CONFIG6L: CONFIGURATION REGISTER 6 LOW (BYTE ADDRESS 30000Ah)

U-0 U-0 U-0 U-0 R/C-1 R/C-1 R/C-1 R/C-1
— — — — WRT3® |  WRT2 | WRTL | WRTO
bit 7 bit 0
Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7-4 Unimplemented: Read as ‘0’
bit 3 WRT3: Write Protection bit™®)
1 = Block 3 (006000-007FFFh) not write-protected
0 = Block 3 (006000-007FFFh) write-protected
bit 2 WRT2: Write Protection bit
1 = Block 2 (004000-005FFFh) not write-protected
0 = Block 2 (004000-005FFFh) write-protected
bit 1 WRT1: Write Protection bit
1 = Block 1 (002000-003FFFh) not write-protected
0 = Block 1 (002000-003FFFh) write-protected
bit 0 WRTO: Write Protection bit
1 = Block 0 (000800-001FFFh) not write-protected
0 = Block 0 (000800-001FFFh) write-protected
Note 1: Unimplemented in PIC18FX525 devices; maintain this bit set.

REGISTER 23-9: CONFIG6H: CONFIGURATION REGISTER 6 HIGH (BYTE ADDRESS 30000Bh)

R/C-1 R/C-1 R/C-1 uU-0 uU-0 uU-0 uU-0 uU-0
WRTD WRTB wRTCY) = === =
bit 7 bit 0
Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
bit 7 WRTD: Data EEPROM Write Protection bit
1 = Data EEPROM not write-protected
0 = Data EEPROM write-protected
bit 6 WRTB: Boot Block Write Protection bit
1 = Boot block (000000-0007FFh) not write-protected
0 = Boot block (000000-0007FFh) write-protected
bit 5 WRTC: Configuration Register Write Protection bit(})
1 = Configuration registers (300000-3000FFh) not write-protected
0 = Configuration registers (300000-3000FFh) write-protected
bit 4-0 Unimplemented: Read as ‘0’
Note 1: This bit is read-only in normal execution mode; it can be written only in Program mode.
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TABLE 24-2:  PIC18FXXXX INSTRUCTION SET (CONTINUED)
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f, b, a |Bit Clear f 1 1001 bbba ffff ffff [None 1,2
BSF f, b, a |Bit Setf 1 1000 bbba ffff ffff [None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(2or3)| 1011 bbba ffff ffff [None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(2or3)| 1010 bbba ffff ffff |None 3,4
BTG f, b, a |Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn  nnnn [None
BN n Branch if Negative 1(2) 1110 0110 nnnn  nnnn [None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn  nnnn [None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn  nnnn [None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn  nnnn |[None
BNz n Branch if Not Zero 1(2) 1110 0001 nnnn  nnnn [None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn  nnnn [None
BRA n Branch Unconditionally 2 1101 Onnn  nnnn  nnnn [None
Bz n Branch if Zero 1(2) 1110 0000 nnnn  nnnn [None
CALL n,s Call Subroutine 1st word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk  kkkk  kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to Address  1st word 2 1110 1111 kkkk kkkk [None

2nd word 1111 kkkk  kkkk  kkkk
NOP — No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation 1 1111 xxxx  XXXX  xxxX |[None 4
POP — Pop Top of Return Stack (TOS) 1 0000 0000 0000 0110 |None
PUSH — Push Top of Return Stack (TOS) 1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1nnn  nnnn  nnnn [None
RESET Software Device Reset 1 0000 0000 1111 1111 |AI
RETFIE S Return from Interrupt Enable 2 0000 0000 0001 000s [GIE/GIEH,

PEIE/GIEL

RETLW Return with Literal in WREG 2 0000 1100 kkkk kkkk [None
RETURN s Return from Subroutine 2 0000 0000 0001 001s [None _
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that value

present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an

external device, the data will be written back with a ‘0.

If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared if
assigned.
If the Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP unless the
first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all program memory

locations have a valid instruction.
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BTG Bit Toggle f BOV Branch if Overflow
Syntax: BTG f, b {,a} Syntax: BOV n
Operands: 0<f<255 Operands: -128 <n <127
0<b<7 Operation: if Overflow bit is ‘1’,
ae[0]] (PC) +2 +2n - PC
Operation: (f<b>) — f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0100 ‘ nnnn | nnnn ‘
Encoding: | 0111 [ bbba | fff [ ffff | Description: If the Overflow bit is ‘1", then the
Description: Bit ‘b’ in data memory location ‘f’ is program will branch.
inverted. The 2's complement number ‘2n’ is
If ‘a’is ‘0’, the Access Bank is selected. added to the PC. Since the PC will have
If ‘a’is ‘1’, the BSR is used to select the incremented to fetch the next
GPR bank. instruction, the new address will be
If ‘a’ is ‘0’ and the extended instruction PC + 2 + 2n. This instruction is then a
set is enabled, this instruction operates two-cycle instruction.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 24.2.3 “Byte-Oriented and Cycles: 1(2)
Bit-Oriented Instructions in Indexed Q Cycle Activity:
Literal Offset Mode” for details. If Jump:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read literal Process Write to PC
Q Cycle Activit n Data
ivity:
y y No No No No
Q1 Q2 Qs Q4 operation operation operation operation
Decode Read Process Write If No Jump:
register ‘f’ Data register ‘f’ o1 Q2 03 Q4
Decode Read literal Process No
Example: BTG PORTC, 4, 0 ‘n Data operation
Before Instruction:
PORTC = 0111 0101 [75h] .
Example: HERE BOV Ju
After Instruction: ) ™
PORTC = 0110 0101 [65h] Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 1
PC = address (Junp)
If Overflow = 0
PC = address (HERE + 2)
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24.2

In addition to the standard 75 instructions of the PIC18
instruction set, PIC18F2525/2620/4525/4620 devices
also provide an optional extension to the core CPU
functionality. The added features include eight
additional instructions that augment indirect and
indexed addressing operations and the implementation
of Indexed Literal Offset Addressing mode for many of
the standard PIC18 instructions.

Extended Instruction Set

The additional features of the extended instruction set
are disabled by default. To enable them, users must set
the XINST Configuration bit.

The instructions in the extended set (with the exception
of CALLW MOVSF and MOVSS) can all be classified as
literal operations, which either manipulate the File
Select Registers, or use them for Indexed Addressing.
Two of the instructions, ADDFSR and SUBFSR, each
have an additional special instantiation for using FSR2.
These versions (ADDULNK and SUBULNK) allow for
automatic return after execution.

The extended instructions are specifically implemented
to optimize re-entrant program code (that is, code that
is recursive or that uses a software stack) written in
high-level languages, particularly C. Among other
things, they allow users working in high-level
languages to perform certain operations on data
structures more efficiently. These include:

« dynamic allocation and deallocation of software
stack space when entering and leaving
subroutines

 Function Pointer invocation
» Software Stack Pointer manipulation

* manipulation of variables located in a software
stack

A summary of the instructions in the extended instruction
set is provided in Table 24-3. Detailed descriptions are
provided in Section 24.2.2 “Extended Instruction
Set”. The opcode field descriptions in Table 24-1
(page 268) apply to both the standard and extended
PIC18 instruction sets.

Note:  The instruction set extension and the
Indexed Literal Offset Addressing mode
were designed for optimizing applications
written in C; the user may likely never use
these instructions directly in assembler.
The syntax for these commands is
provided as a reference for users who may
be reviewing code that has been

generated by a compiler.

24.2.1 EXTENDED INSTRUCTION SYNTAX

Most of the extended instructions use indexed
arguments, using one of the File Select Registers and
some offset to specify a source or destination register.
When an argument for an instruction serves as part of
indexed addressing, it is enclosed in square brackets
(“[1)- This is done to indicate that the argument is used
as an index or offset. The MPASM™ Assembler will
flag an error if it determines that an index or offset value
is not bracketed.

When the extended instruction set is enabled, brackets
are also used to indicate index arguments in byte-
oriented and bit-oriented instructions. This is in addition
to other changes in their syntax. For more details, see
Section 24.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”.

Note: In the past, square brackets have been
used to denote optional arguments in the
PIC18 and earlier instruction sets. In this

text and going forward, optional

arguments are denoted by braces (‘{ }").

TABLE 24-3: EXTENSIONS TO THE PIC18 INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles
Operands MSb LSb Affected
ADDFSR  f, k Add Literal to FSR 1 1110 1000 ffkk kkkk None
ADDULNK k Add Literal to FSR2 and Return 2 1110 1000 11kk kkkk None
CALLW Call Subroutine using WREG 2 0000 0000 0001 0100 None
MOVSF zs,fy  |Move zg (source) to 1st word 2 1110 1011 O0zzz zzzz None
fy (destination)2nd word 1111 ffff ffff ffff
MOVSS Zs, 24 |Move zg4 (source) to 1st word 2 1110 1011 1zzz 1zzz2 None
z4 (destination)2nd word 1111 XXXX Xzzz 2zzzZ2
PUSHL k Store Literal at FSR2, 1 1110 1010 kkkk kkkk None
Decrement FSR2
SUBFSR f, k Subtract Literal from FSR 1 1110 1001 ffkk kkkk None
SUBULNK  k Subtract Literal from FSR2 and 2 1110 1001 11kk kkkk None
Return
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FIGURE 27-2: TYPICAL IpD vs. VDD ACROSS TEMPERATURE (SLEEP MODE)
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FIGURE 27-3: MAXIMUM IpD vs. VDD ACROSS TEMPERATURE (SLEEP MODE)
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RAS/ANS/VREFF ittt 13, 17
RAA/TOCKI/CLIOUT ..o 13, 17
RAS/AN4/SS/HLVDIN/C20UT ..o 13, 17
RBO/INTO/FLTO/AN12 ............ ..14,18

RB1/INT1/AN10 ..

RB2/INT2/ANS ... .. 14,18
RB3/AN9Y/CCP2 .....cccoiviiiiiiiiiiii 14,18
RBA/KBIO/ANLL ...oooiiiiiiieiieiiie e 14,18
RBS5/KBIL/PGM ..o 14,18
RB6/KBI2/PGC .......ccooiiiiiciiiiiinicc 14,18
RB7/KBI3/PGD ...cvviiiiiiiieiiceiee e 14,18
RCO/TLOSO/TLI3CKI ..ooviiiiiiiiiiiiciieciecece 15, 19
RC1/T10SI/CCP2 ........ ..15,19

RC2/CCPL ..o 15
RC2/CCPLIPLA ..o 19
RC3/SCKISCL ...ooiiiiiiiiiiiiiiiii 15, 19
RCA/SDI/SDA .....coviiiiiiiiiiiic e 15, 19
RC5/SDO ...t 15, 19
RCB/TXICK oottt 15, 19
RC7/RX/DT .. ..15,19

RDO/PSPO . .20
RD1/PSP1 . ..20
RD2/PSP2 ..ottt 20
RD3/PSP3 ...t 20
RDA/PSPA ..ottt 20
RDS5/PSP5/PLB ..coeiiiiiiiieiieitcee et 20
RDB/PSPB/PLC .....ooiviiiieiieiiieeeie e 20
RD7/PSPT7/PID ..ooviiiiiiiieiieieieeee e 20
REO/RD/ANS ... 21
REL/WRIANG ..ot 21
RE2/CS/ANT ..o 21
VDD Lottt 15,21
WSS ittt s 15,21
Pinout 1/O Descriptions
PIC18F2525/2620 .......cocvviiiieiiiieiiiiiiesieeiee e
PIC18F4525/4620 .....
PIR Registers .........cceeuvenee.
PLL Frequency Multiplier
HSPLL Oscillator Mode ..........ccccociviiiiiiniiniicee, 25
Use With INTOSC ......cooiiiiiiciiiii e 25
POP s 296
POR. See Power-on Reset.
PORTA
Associated RegiSters ........cccovvevieiiieniiiciienieesee s 93
LATA Register .
PORTA REQISIEr ..vviiiiiiiiiiciieiiceree e 91
TRISA REJISIEr ..o 91
PORTB
Associated RegiSters ........cccuvvevieiiieniiiciienieenee e 96
LATB REQISLEN ..ottt 94
PORTB REQJISLEr ...eviiiiiiiieieit ettt 94

RB7:RB4 Interrupt-on-Change Flag
(RBIF Bit) ....
TRISB REQISIEr ....ovviiiiiieiiiieeeiee e
PORTC
Associated RegisSters ........cccovevveiiieiiiieiienieesee e, 99
LATC REQISIEI ...eeiiiiiiiieiiiee ettt
PORTC REQISIEr ....eviiiieiiieeeieie et
RC3/SCK/SCL Pin .
TRISC REQISIEN ...eevieiiiiieciie et
PORTD
Associated RegiSters .........ccooveevvieiiiiiieniiinieeieeens 102
LATD REQISLEI ..oeeiiiiiiiiiiiee e 100
Parallel Slave Port (PSP) Function ...........cccceceeene 100
PORTD REQISLEr ....eeiiviiiiiieiieiiieiee e 100

TRISD REQISIEN ...eviiiiiiiciiciiecteeee e 100
PORTE
Associated REJISIErS .......ccceevivieiiiieeieee e
LATE Register ..........
PORTE Register ........cccccovvvvvnnnnn.
PSP Mode Select (PSPMODE Bit) .
TRISE REQGISLEr ....oviviiiiiiiiciccee e
Power-Managed MOdes ...........cccecueeiiiiiiiniiiniieiiee e
and A/D OPEration .........cccceevveeeinieeeenineenseee e
and EUSART Operation ........cccccceceevienieieniennieenene.
and PWM Operation ..........ccccoveeviiieiieniiieiieeseeee
and SP1 Operation ..........ccccooeveeeniieeennieenseeee e
ClOCK SOUICES .....veeiiiiiiiiiieiieeiecceeee e
Clock Transitions and Status Indicators
Effects on Clock Sources ...........cccocevveinnes .
ENErNG ...ooiiieiiei e
Exiting Idle and Sleep Modes ...........cccocveeiiieinienienns
BY INtEITUPL ..o
By RESELl ..o
By WDT Time-0ut .......cccevvvernieiiennn.
Without an Oscillator Start-up Delay
ldle MOAES .....covviiiiiiieicctc e .
PRI_IDLE ..ottt
RC_IDLE ..o
SEC_IDLE ..ottt
Multiple Sleep Commands ..........ccccocvvvvienieenie e,
RUN MOAES ...
PRI_RUN oo
RC_RUN ....
SEC_RUN .
Selecting ......... .
Sleep MOAE ....ccviiiiiiiiiie e
sSummary (table) ..o
Power-on Reset (POR) ......ocoviiiiiieiiecicniciceee e
Power-up Timer (PWRT) ...cccoooviiiiniiiniee e
Time-out Sequence
Power-up Delays ...........
Power-up Timer (PWRT)
Prescaler

TIMEI2 et e 150
Prescaler, TIMEr0 ........ccooiiiiiieeeeiiiiie e 125
Prescaler, TIMEI2 ..o e 145

PRI_IDLE Mode
PRI_RUN Mode
Program Counter

PCL, PCH and PCU Registers ........cccccvevveinieineennn. 54
PCLATH and PCLATU Registers .........cccocveenienneenne. 54
Program Memory
And Extended Instruction Set ...........ccccceevviiiiiiniieennnn. 71
INSEIUCHIONS ..ot 58
TWO-WOId ...oovviiiiiiiiiiiii s 58
Interrupt Vector ... ..53
Look-up Tables .................. .. 56
Map and Stack (diagram) .. .. 53
RESEt VECIOr .....ocoviiiiiiiiiiciin i, 53
Program Verification ..........cccccoovveiiiiiiiiniiiiicsicce e 263
Programming, Device INStructions ............cccceveveeinieeenns 267

PSP. See Parallel Slave Port.
Pulse-Width Modulation. See PWM (CCP Module)
and PWM (ECCP Module).

PUSH ottt e e 296
PUSH and POP INStructions .........ccccceeeeeeiiiieieeee e 55
PUSHL oottt et et ae e 312
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