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PIC18F6525/6621/8525/8621

FIGURE 1-2: PIC18F8525/8621 BLOCK DIAGRAM
Data Bus<8> PORTA RAO/ANO
@ AN RAL/ANL
N RA2/AN2/VREF-
51 |[Table Pointer<21>]| Data Latch — > RA3/AN3/VREF+
A +—=[X| rRA4/TOCKI
8 8 Data RAM RAS/AN4/LVDIN
21 (3.8 Kbytes) OSC2/CLKO/RAG
Address Latch PORTB
Y RBO/INTO/FLTO
20, |[PCLATU[PCLATH ﬁlz RBL/NTL
© RB2/INT2
g SIS RB3/INTS/ECCPAD/P2AY
5 Program Counter 4ﬁ 12% 4ﬁ [ RB4/KBIO
% Address Latch t BSR | || FSRO || |Banko, F RB5/KBI1/PGM
E FSR1 RB6/KBI2/PGC
< | |Program Memory RB7/KBI3/PGD
E| | @8/64Kbytes) FSR2 1
g | PORTC
& Data Latch t RCO/T10SO/T13CKI
‘inc,dec| RCUT10SVECCP2Y/P2AM
Decode 1" logic RC2/ECCPL/P1A
Y RC3/SCK/SCL
16 f RC4/SDI/SDA
RC5/SDO
RCB/TX1/CK1
z; RC7/RX1/DT1

RD7/AD7/PSP7:

X AD15:AD0, A19:164)
RDO/ADO/PSPO)

REO/AD8/RD/P2D®™)
RE1/AD9/WR/P2C)
RE2/AD10/CS/P2B™)
RE3/AD11/P3C(24)
RE4/AD12/P3B(%4)
RE5/AD13/P1C(24)
RE6/AD14/P1B(24)
RE7/AD15/ECCP2M/p2AL4)

Instruction <t
Decode and
Control

e

Power-up

0OSC2/CLKO Timer

OSC1/CLKI

Timing || Oscillator RFO/ANS
XI<=* Generation [<—7]siartup Timer RF1/AN6/C20UT
L—r
Waiohdog 8 RF4/AN9
Timer RF5/AN10/CVREF

Power-on ALU<8> RF2/AN7/C10UT
Reset N RF3/AN8

Precision ::>

Band Gap — Brg\gg;t)ut

Test Mode PORTG
Select

PG =

VDD, Vss MCLR® T—

RF6/AN11
RF7/SS

Reference

RGO/ECCP3/P3A
RG1/TX2/CK2
RG2/RX2/DT2
RG3/CCP4/P3D
RG4/CCP5/P1D
MCLR/VPP/RG5®

PORTH
RHO/A16:RH3/A194)

BOR Data _ _ _ _ _ 10-bit 4 RH4/AN12/P3C®
LvD | |EEPROM| | Timer0 | | Timerl | | Timer2 Timer3 | | Timer4 ADC L~ 4 RH5/AN13/P3B(?)

< RH6/AN14/P1C@

ﬁ {} ﬁ ﬁ ﬁ ﬁ ﬁ Wn‘ RH7/AN15/P1B®@
AR/ AR 2R AN AL (A I = RIDALE

+—=[X| RI2/WRL
g RJ3/WRH
4 RJ4/BAO
E RJS/CE

: RJ6/ILB

1 RJ7/UB

Note 1: ECCP2/P2A are multiplexed with RC1 when CCP2MX is set; with RE7 when CCP2MX is cleared and the device is configured in
Microcontroller mode; or with RB3 when CCP2MX is cleared in all other program memory modes.
2: P1B/P1C/P3B/P3C are multiplexed with RE6:RE3 when ECCPMX is set and with RH7:RH4 when ECCPMX is not set.
RGS5 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.
4:  External memory interface pins are multiplexed with PORTD (AD7:ADO0), PORTE (AD15:AD8) and PORTH (A19:A16).

Comparator| |[ECCP1| [ECCP2| |[ECCP3| [ CCP4| |CCP5| [MSSP| [EUSART1| |EUSART2

w
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PIC18F6525/6621/8525/8621

3.0 RESET

The PIC18F6525/6621/8525/8621 devices differentiate

between various kinds of Reset:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation

¢) MCLR Reset during Sleep

d) Watchdog Timer (WDT) Reset (during normal
operation)

e) Programmable Brown-out Reset (BOR)

f) RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

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” on Power-on Reset, MCLR, WDT Reset, Brown-

out Reset, MCLR Reset during Sleep and by the
RESET instruction.

FIGURE 3-1:

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 3-2. These bits
are used in software to determine the nature of the
Reset. See Table 3-3 for a full description of the Reset

states of all registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 3-1.

The Enhanced MCU devices have a MCLR noise filter
in the MCLR Reset path. The filter will detect and
ignore small pulses. The MCLR pin is not driven low by
any internal Resets, including the WDT.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET Instruction

Stack | Stack Full/lUnderflow Reset

Pointer

External Reset
7

WDT
Time-out
Reset

MCLR

WDT
Module

Sleep

VDD Rise| Power-on Reset

Detect

VDD

Brown-out
Reset

OST/PWRT
O

0sc1 |

Chip_Reset

R Qf——=

ST |
10-bit Ripple Counter }j) |

|

|

r—{_,/

| PWRT
On-chip

||[rRC osc®W 4|> 10-bit Ripple Counter |7

I
|
|
|
— —

Enable PWRT

Enable OST®

Note 1:
2: See Table 3-1 for time-out situations.

This is a separate oscillator from the RC oscillator of the CLKI pin.

© 2003-2013 Microchip Technology Inc.
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REGISTER 4-1:  CONFIG3L: CONFIGURATION REGISTER 3 LOW
R/P-1 u-0 U-0 U-0 u-0 U-0
WAIT — — — — —

bit 7

R/P-1
PM1

R/P-1
PMO
bit 0

WAIT: External Bus Data Wait Enable bit

1 = Wait selections unavailable, device will not wait

0 = Wait programmed by WAIT1 and WAITO bits of MEMCOM register (MEMCOM<5:4>)
Unimplemented: Read as ‘0’

PM1:PMO: Processor Data Memory Mode Select bits

11 = Microcontroller mode

10 = Microprocessor mode(?)

01 = Microcontroller with Boot Block mode®
00 = Extended Microcontroller mode®

Note 1. This mode is available only on PIC18F8525/8621 devices.

bit 7

bit 6-2
bit 1-0

Legend:
R = Readable bit
-n = Value after erase

P = Programmable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set

‘0’ = Bit is cleared X = Bit is unknown

FIGURE 4-3: MEMORY MAPS FOR PIC18F6525/6621/8525/8621 PROGRAM MEMORY MODES

Microprocessor Microprocessor Microcontroller _Extended
Mode® with Boot Block Mode Microcontroller
Mode® Mode®
000000h On-Chip| | 000000h 000000h 000000h
Program On-Chip On-Chip On-Chip
Memory Program Program Program
No Memo!
ac(cess) Y| ooBFFFR® Memory 00BFFFh® Memory
c 0007FFh 00FFFFh® 00FFFFh®
2 000800h 00ocoooh® 0ocoooh®
3 010000h? 010000h®?
e External
w Program
® Megqo Reads
g i External 0's External
0 Program Program
% Memory Memory
>
e
o
1FFFFFh 1FFFFFh 1FFFFFh 1FFFFFh
External ~ On-Chip External  On-Chip On-Chip External  On-Chip
Memory Flash Memory Flash Flash Memory  Flash
Note 1: PIC18F8525 and PIC18F6525.

2:  PIC18F8621 and PIC18F6621.
3:  This mode is available only on PIC18F8525/8621 devices.

© 2003-2013 Microchip Technology Inc.
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4.12 Indirect Addressing, INDF and
FSR Registers

Indirect addressing is a mode of addressing data mem-
ory, where the data memory address in the instruction
is not fixed. An FSR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 4-9
shows the operation of indirect addressing. This shows
the moving of the value to the data memory address
specified by the value of the FSR register.

Indirect addressing is possible by using one of the INDF
registers. Any instruction using the INDF register
actually accesses the register pointed to by the File
Select Register, FSR. Reading the INDF register itself
indirectly (FSR = 0), will read 00h. Writing to the INDF
register indirectly, results in a no operation (NOP). The
FSR register contains a 12-bit address which is shown in
Figure 4-10.

The INDFn register is not a physical register. Address-
ing INDFn actually addresses the register whose
address is contained in the FSRn register (FSRn is a
pointer). This is indirect addressing.

Example 4-5 shows a simple use of indirect addressing
to clear the RAM in Bank 1 (locations 100h-1FFh) in a
minimum number of instructions.

EXAMPLE 4-5: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING
LFSR FSRO, 0x100 ;
NEXT CLRF POSTINCO ; Clear INDF
; register and
; inc pointer

BTFSS FSROH, 1 ; All done with

; Bank1?
GOTO NEXT ; NO, clear next
CONTINUE ; YES, continue

There are three indirect addressing registers. To
address the entire data memory space (4096 bytes),
these registers are 12 bits wide. To store the 12 bits of
addressing information, two 8-bit registers are
required. These indirect addressing registers are:

1. FSRO: composed of FSROH:FSROL
2. FSR1: composed of FSR1H:FSR1L
3. FSR2: composed of FSR2H:FSR2L

In addition, there are registers INDFO, INDF1 and
INDF2, which are not physically implemented. Reading
or writing to these registers activates indirect address-
ing, with the value in the corresponding FSR register
being the address of the data. If an instruction writes a
value to INDFO, the value will be written to the address
pointed to by FSROH:FSROL. A read from INDF1 reads

the data from the address pointed to by
FSR1H:FSRI1L. INDFn can be used in code anywhere
an operand can be used.

If INDFO, INDF1 or INDF2 are read indirectly via an
FSR, all ‘0’s are read (zero bit is set). Similarly, if
INDFO, INDF1 or INDF2 are written to indirectly, the
operation will be equivalent to a NOP instruction and the
Status bits are not affected.

4121 INDIRECT ADDRESSING
OPERATION

Each FSR register has an INDF register associated
with it, plus four additional register addresses. Perform-
ing an operation on one of these five registers
determines how the FSR will be modified during
indirect addressing.

When data access is done to one of the five INDFn
locations, the address selected will configure the FSRn
register to:

« Do nothing to FSRn after an indirect access (no
change) — INDFn.

» Auto-decrement FSRn after an indirect access
(post-decrement) — POSTDECH.

» Auto-increment FSRn after an indirect access
(post-increment) — POSTINCn.

» Auto-increment FSRn before an indirect access
(pre-increment) — PREINCnh.

» Use the value in the WREG register as an offset
to FSRn. Do not modify the value of the WREG or
the FSRn register after an indirect access (no
change) — PLUSWNn.

When using the auto-increment or auto-decrement
features, the effect on the FSR is not reflected in the
STATUS register. For example, if the indirect address
causes the FSR to equal ‘0’, the Z bit will not be set.

Incrementing or decrementing an FSR affects all
12 bits. That is, when FSRnL overflows from an
increment, FSRnH will be incremented automatically.

Adding these features allows the FSRn to be used as a
Stack Pointer in addition to its uses for table operations
in data memory.

Each FSR has an address associated with it that
performs an indexed indirect access. When a data
access to this INDFn location (PLUSWnN) occurs, the
FSRn is configured to add the signed value in the
WREG register and the value in FSR to form the
address before an indirect access. The FSR value is
not changed.

If an FSR register contains a value that points to one of
the INDFn, an indirect read will read 00h (zero bit is
set), while an indirect write will be equivalent to a NOP
(Status bits are not affected).

If an indirect addressing operation is done where the
target address is an FSRnH or FSRnL register,
the write operation will dominate over the pre- or
post-increment/decrement functions.

DS39612C-page 56
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5.0 FLASH PROGRAM MEMORY

The Flash program memory is readable, writable and
erasable, during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 8 bytes at a time. Program memory is erased
in blocks of 64 bytes at a time. A bulk erase operation
may not be issued from user code.

Writing or erasing program memory will cease instruc-
tion fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

FIGURE 5-1: TABLE READ OPERATION

5.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data RAM:

» Table Read (TBLRD)
« Table Write (TBLWT)

The program memory space is 16 bits wide, while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 5-1 shows the operation of a table read with
program memory and data RAM.

Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 5.5
“Writing to Flash Program Memory”. Figure 5-2
shows the operation of a table write with program
memory and data RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word aligned.

Table Pointer(®)

Instruction: TBLRD*

Program Memory

TBLPTRU : TBLPTRH : TBLPTRL

—~—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
\—Y—)

Note 1: Table Pointer register points to a byte in program memory.

© 2003-2013 Microchip Technology Inc.
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REGISTER 7-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER (ADDRESS FA6h)

RIW-x RIW-x U-0 RIW-0 RIW-x RIW-0 R/S-0 R/S-0
EEPGD | CFGS | — | FREE | WRERR | WREN WR RD
bit 7 bit 0

EEPGD: Flash Program/Data EEPROM Memory Select bit

1 = Access Flash program memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EEPROM or Configuration Select bit

1 = Access Configuration or Calibration registers

0 = Access Flash program or data EEPROM memory

Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command
(cleared by completion of erase operation)

0 = Perform write only

WRERR: Flash Program/Data EEPROM Error Flag bit

1 = A write operation is prematurely terminated
(any MCLR or any WDT Reset during self-timed programming in normal operation)

0 = The write operation completed

Note: When a WRERR occurs, the EEPGD or FREE bits are not cleared. This allows
tracing of the error condition.

WREN: Flash Program/Data EEPROM Write Enable bit

1 = Allows write cycles to Flash program/data EEPROM

0 = Inhibits write cycles to Flash program/data EEPROM

WR: Write Control bit

1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once write is complete. The
WR bit can only be set (not cleared) in software.)

0 = Write cycle to the EEPROM is complete

RD: Read Control bit

1 = Initiates an EEPROM read
(Read takes one cycle. RD is cleared in hardware. The RD bit can only be set (not cleared)
in software. RD bit cannot be set when EEPGD = 1.)

0 = Does not initiate an EEPROM read

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

DS39612C-page 80
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REGISTER 9-11:

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

uU-0 R/W-1 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
= CMIP — EEIP BCLIP LVDIP TMR3IP | CCP2IP
bit 7 bit 0

Unimplemented: Read as ‘0’

CMIP: Comparator Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as ‘0’

EEIP: Data EEPROM/Flash Write Operation Interrupt Priority bit

1 = High priority

0 = Low priority

BCLIP: Bus Collision Interrupt Priority bit

1 = High priority

0 = Low priority

LVDIP: Low-Voltage Detect Interrupt Priority bit
1 = High priority

0 = Low priority

TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

CCP2IP: ECCP2 Interrupt Priority bit

1 = High priority

0 = Low priority

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2003-2013 Microchip Technology Inc.
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FIGURE 10-20: RH3:RHO PINS BLOCK DIAGRAM IN SYSTEM BUS MODE

‘T]iq D
RD PORTH . D@ - —‘
e
<

A

RD LATH
1/0 pin®
Data Bus D 0 Port 0 N~ @
Data 1
\é\:R LATH cK\_
PORTH Data Latch
q D Q *
L
WR TRISH N / TTL
cK Input
TRIS Latch Buffer
RD TRISH
External Enable
System BUS ) agdress Out
Control

Drive System

To Instruction Register |

Instruction Read \H

Note 1: I/O pins have diode protection to VDD and Vss.
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FIGURE 17-8: PWM DIRECTION CHANGE

SIGNAL <+—— pPeriod) — > «————  Peiod —»

P1A (Active-High)

P1B (Active-High) .

P1C (Active-High)

P1D (Active-High) _ -

'«— DC —'

<+—DC—» '

Note 1: The direction bit in the ECCP1 Control register (CCP1CON<7>) is written any time during the PWM cycle.
2: When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle at intervals
of 4 Tosc, 16 Tosc or 64 Tosc, depending on the Timer2 prescaler value. The modulated P1B and P1D signals
are inactive at this time.

FIGURE 17-9: PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE
Forward Period t1 Reverse Period
a > >
p1A® :
P18 : < DC -l
p1c® :
— i@

External Switch C(V)

—

External Switch D®  _ + |

Potential (2.3)
Shoot-Through

current®

|
|
PiD® |4 BC >

: — [ |+— = lorr —fon

Note 1: All signals are shown as active-high.
2: tgy is the turn-on delay of power switch QC and its driver.
3: topr is the turn-off delay of power switch QD and its driver.

© 2003-2013 Microchip Technology Inc. DS39612C-page 167



PIC18F6525/6621/8525/8621

FIGURE 18-5:

SPI™ MODE WAVEFORM (SLAVE MODE WITH CKE = 0)

Optional

S )

SCK
(CKP =0

CKE = 0)

SCK
(CKP=1
CKE = 0)

Write to
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!

SDO K I bit7E><bit65><bit55><bit4:><bit35><bit25><bitli oo >

(SMP = 0)

Input
Sample

(SMP = 0)

SSPIF
Interrupt

Flag

SSPSR to
SSPBUF

Next Q4 Cycle
after Q24

FIGURE 18-6:

SPI™ MODE WAVEFORM (SLAVE MODE WITH CKE = 1)

Not Optional !

SCK
(CKP =0

CKE =1)

SCK
(CKP=1
CKE = 1)

Write to

SSPBUF ¢

SDO

SDI
(SMP = 0)

Input
Sample

(SMP =0)

SSPIF

Interrupt
Flag

SSPSR to
SSPBUF

'+ Next Q4 Cycle
? after Q24
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REGISTER 20-2: ADCON1: A/D CONTROL REGISTER 1

u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0

bit 7-6  Unimplemented: Read as ‘0’
bit 5-4 VCFG1:VCFGO: Voltage Reference Configuration bits:

xgigé A/D VREF+ A/D VREF-
00 AVDD AVss
01 External VREF+ AVss
10 AVDD External VREF-
11 External VREF+ External VREF-

bit3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:

EHEEIHEHEHBHBHHEHBHE
| < | < | < | <<

cooo | A|A|A A A|IAAIAAAIA|IA]AIA]ALA
cool | D D|A|A|A|A|A|IA|AAIA|IA]A|IA]|AILA
coo | D | D|D|A|A|A|A|IA|AAIA|IA|A|IA|A|A
co11 | D | D|D|D|A|JA|A|A|AAIA|IA|A|IA|A|A
cioo | D | D | D | D|DJIA|A|JA|AAIA|A]A|IA]|AI|A
o1 | D | D| D | D|D|D|IA|JA|JAAIA|A]A|IA]|AI|A
¢cizo | D | D | D | D |D|D|D|A|JA|A|A|A]A|IA|AI|A
o112 | D | D| D | D | D|D|D|D|A|JA|A|A|A|IA|AI|A
000 | D) D|D|D|D|D | D|/D|D|A|A|A|JA|IA|AI|A
000 | D) D|D|D|D|D | D|D|D|D|A|JA|JA|IA|AI|A
020 | D | D| D|D|D|D|D|D|D|D|D|A]JA|A|A|A
1012 | D | D | D|D|D|D|D|D|D|D|D|DJ|A|A|A]|A
1100 | D | D|D|D|D|D|D|D|D|D|D|D|D|A|A]|A
1100 | D | D|D|D|D|D|D|D|D|D|D|D|D|DJ|A]JA
1120 | D | D | D|D|D|D|D|D|D|D|D|D|D|D|D]J|A
1112 | D) D D|D|D|D|D|D|D|D|D|D|D|D|D]|D

A = Analog input D = Digital /0
Note:  Shaded cells indicate A/D channels available only on PIC18F8525/8621 devices.

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

DS39612C-page 234 © 2003-2013 Microchip Technology Inc.
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REGISTER 24-10: CONFIG6H: CONFIGURATION REGISTER 6 HIGH (BYTE ADDRESS 30000Bh)

R/C-1 R/C-1 R/C-1 U-0 u-0 u-0 U-0 U-0
WRTD | WRTB | WRTC — — [ = — [ =
bit 7 bit 0

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’

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 24-11: CONFIG7L: CONFIGURATION REGISTER 7 LOW (BYTE ADDRESS 30000Ch)

U-0 U-0 U-0 U-0 RCL  RICl1 RIC1  RICL
= = = — | EeBTR3® | EBTR2 | EBTR1 | EBTRO |
bit 7 bit 0

bit 7-4 Unimplemented: Read as ‘0’
bit3  EBTR3: Table Read Protection bit(})
1 = Block 3 (00C000-00FFFFh) not protected from table reads executed in other blocks
0 = Block 3 (00C000-00FFFFh) protected from table reads executed in other blocks
Note 1: Unimplemented in PIC18FX525 devices; maintain this bit set.

bit 2 EBTR2: Table Read Protection bit

1 = Block 2 (008000-00BFFFh) not protected from table reads executed in other blocks
0 = Block 2 (008000-00BFFFh) protected from table reads executed in other blocks

bit 1 EBTRI1: Table Read Protection bit

1 = Block 1 (004000-007FFFh) not protected from table reads executed in other blocks
0 = Block 1 (004000-007FFFh) protected from table reads executed in other blocks

bit 0 EBTRO: Table Read Protection bit

1 = Block 0 (000800-003FFFh) not protected from table reads executed in other blocks
0 = Block 0 (000800-003FFFh) protected from table reads executed in other blocks

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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24.3 Power-Down Mode (Sleep)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (RCON<3>) is cleared, the
TO (RCON<4>) bit is set and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low or high-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are high-impedance inputs, high or low externally,
to avoid switching currents caused by floating inputs.
The TOCKI input should also be at VDD or Vss for low-
est current consumption. The contribution from on-chip
pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).

24.3.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the
following events:
1. External Reset input on MCLR pin.

2. Watchdog Timer wake-up (f WDT was
enabled).

3. Interrupt from INTx pin, RB port change or a
peripheral interrupt.

The following peripheral interrupts can wake the device
from Sleep:
1. PSP read or write.

2. TMRL1 interrupt. Timerl must be operating as an
asynchronous counter.

3. TMRSIinterrupt. Timer3 must be operating as an
asynchronous counter.

4. CCP Capture mode interrupt (Capture will not
occur).

5. MSSP (Start/Stop) bit detect interrupt.

6. MSSP transmit or receive in Slave mode
(SPINZC).

7. USART RXx or TXx (Synchronous Slave mode).

8. A/D conversion (when A/D clock source is RC).

9. EEPROM write operation complete.

10. LVD interrupt.

Other peripherals cannot generate interrupts since
during Sleep, no on-chip clocks are present.

External MCLR Reset will cause a device Reset. All
other events are considered a continuation of program
execution and will cause a “wake-up”. The TO and PD
bits in the RCON register can be used to determine the
cause of the device Reset. The PD bit, which is set on
power-up, is cleared when Sleep is invoked. The TO bit
is cleared if a WDT time-out occurred (and caused
wake-up).

When the SLEEP instruction is being executed, the next
instruction (PC + 2) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the
interrupt address. In cases where the execution of the
instruction following Sleep is not desirable, the user
should have a NOP after the SLEEP instruction.

24.3.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If an interrupt condition (interrupt flag bit and
interrupt enable bits are set) occurs before the
execution of a SLEEP instruction, the SLEEP
instruction will complete as a NOP. Therefore, the
WDT and WDT postscaler will not be cleared, the
TO bit will not be set and PD bits will not be
cleared.

« If the interrupt condition occurs during or after
the execution of a SLEEP instruction, the device
will immediately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT
instruction should be executed before a SLEEP
instruction.

© 2003-2013 Microchip Technology Inc.

DS39612C-page 269



PIC18F6525/6621/8525/8621

TABLE 25-2: PIC18FXXXX INSTRUCTION SET

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 0l1da ffff f£fff|C,DC,Z 0OV,N|1,2
ADDWFC f,d, a |Add WREG and Carry bit to f 1 0010 oo0da ffff ffff|C,DC,Z,0V,N|1,2
ANDWF f, d, a |AND WREG with f 1 0001 01da ffff ffff|Z,N 1,2
CLRF f,a Clear f 1 0110 10la ffff £ffff|(Z 2
COMF f, d, a |Complement f 1 0001 11da ffff ffff|Z,N 1,2
CPFSEQ f,a Compare f with WREG, skip= |1(2o0r3)| 0110 00la ffff £fff |None 4
CPFSGT f,a Compare f with WREG, skip> |1(20r3)| 0110 010a ffff £fff |None 4
CPFSLT f,a Compare f with WREG, skip< |1(2o0r3)| 0110 000a ffff ££f£ff |None 1,2
DECF f, d, a |Decrement f 1 0000 0lda ffff £fff|C,DC,Z,0V,N|1 2,34
DECFSZ f,d, a |Decrementf, Skip if O 1(2or3)| 0010 11da ffff £££f |None 1,2,3,4
DCFSNZ f,d,a |Decrement f, Skip if Not O 1(2or3)| 0100 11da ffff ££f£ff |None 1,2
INCF f, d,a |Increment f 1 0010 1o0da ffff ffff|C,DC,Z,0V,N|1, 2, 3,4
INCFSZ f, d, a |Increment f, Skip if O 1(2or3)| 0011 11da ffff £££ff |None 4
INFSNZ f, d, a [Increment f, Skip if Not O 1(20r3)| 0100 10da ffff ££f£ff |None 1,2
IORWF f, d, a |Inclusive OR WREG with f 1 0001 00da ffff ffff|Z, N 1,2
MOVF f,d,a [Move f 1 0101 00da ffff ffff|Z, N 1
MOVFF fs, fgy |Move fg (source)to 1stword |2 1100 ffff ffff ££f£f |[None
fy (destination) 2nd word 1111 ffff £fff ffff
MOVWF  f,a Move WREG to f 1 0110 111a ffff ££f£ff [None
MULWF f,a Multiply WREG with f 1 0000 00la ffff ££fff |None
NEGF f,a Negate f 1 0110 110a ffff £ffff|C,DC,Z,0OV,N|],2
RLCF f, d, a |Rotate Left f through Carry 1 0011 0l1da ffff f£ffff|C,Z N
RLNCF f, d, a |Rotate Left f (No Carry) 1 0100 0lda ffff £fff|Z N 1,2
RRCF f, d, a |Rotate Right f through Carry 1 0011 00da ffff ffff|C,Z N
RRNCF f, d, a |Rotate Right f (No Carry) 1 0100 00da ffff £ffff|Z N
SETF f,a Set f 1 0110 100a ffff ££fff |None
SUBFWB f, d, a |Subtract f from WREG with 1 0101 0lda ffff f£ffff|C,DC,Z 0V,N|],2
borrow
SUBWF f, d, a |Subtract WREG from f 1 0101 11da ffff f£fff |C,DC,Z OV,N
SUBWFB f,d, a |Subtract WREG from f with 1 0101 10da ffff £fff|C,DC,Z 0OV,N|1,2
borrow
SWAPF f, d, a |Swap nibbles in f 1 0011 10da ffff £fff |None 4
TSTFSZ f,a Test f, skip if O 1(2or3)| 0110 0lla ffff £££f |None 1,2
XORWF f, d, a |Exclusive OR WREG with f 1 0001 10da ffff £ffff|Z, N
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b, a |Bit Clear f 1 1001 bbba ffff ££fff |None 1,2
BSF f, b, a |Bit Setf 1 1000 bbba ffff ££fff |None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20or3)| 1011 bbba ffff £££f |None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20r3)| 1010 bbba ffff £££f |None 3,4
BTG f, b, a |Bit Toggle f 1 0111 bbba ffff £fff |None 1,2

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 an input and is
driven low by an external device, the data will be written back with a ‘0’.

2: Ifthis instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared
if assigned.

3: If 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 2-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.

5: If the table write starts the write cycle to internal memory, the write will continue until terminated.
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TABLE 25-2: PIC18FXXXX INSTRUCTION SET (CONTINUED)
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC,Z, OV,N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk |Z,N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk |Z,N
LFSR f, k Move literal (12-bit) 2nd word |2 1110 1110 00ff kkkk [None
to FSRx 1st word 1111 0000 kkkk kkkk
MOVLB k Move literal to BSR<3:0> 1 0000 0001 0000 kkkk [None
MOVLW k Move literal to WREG 1 0000 1110 kkkk kkkk [None
MULLW k Multiply literal with WREG 1 0000 1101 kkkk kkkk |None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC,Z, OV,N
XORLW k Exclusive OR literal with WREG |1 0000 1010 kkkk kkkk (Z,N
DATA MEMORY <> PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 |None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2 (5) 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 [None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 |None
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 an input and is
driven low by an external device, the data will be written back with a ‘0’.
2: Ifthis instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will be cleared
if assigned.
3: If 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 2-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.
5. If the table write starts the write cycle to internal memory, the write will continue until terminated.
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NEGF Negate f NOP No Operation
Syntax: [label] NEGF f[,a] Syntax: [label] NOP
Operands: 0<f<255 Operands: None
a_e [0.1] Operation: No operation
Operation: (f)+1-f Status Affected: None
Status Affected: N, OV.C,DBC, Z Encoding: 0000 | 0000 | 0000 | 0000
Encoding: ‘ 0110 | 110a ‘ fEff | fEff ‘ 1111 XXKX XXKX XXKX
Description: Location ‘f’ is negated using 2's Description: No operation.
complement. The result is placed in the Words: 1
data memory location ‘f’. If ‘a’is ‘0’, the '
Access Bank will be selected, over- Cycles: 1
riding the BSR value. If ‘a’ = 1, then the Q Cycle Activity:
bank will be selected as per the BSR o1 Q2 03 04
value.
Decode No No No
Words: 1 operation | operation | operation
Cycles: 1
Q Cycle Activity: Example:
Q1 Q2 Qs Q4 None.
Decode Read Process Write
register ‘f’ Data register ‘f’
Example: NEGF REG, 1
Before Instruction
REG = 0011 1010 [Ox3A]
After Instruction
REG = 1100 0110 [OxC6]
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RETFIE Return from Interrupt RETLW Return Literal to W
Syntax: [label] RETFIE [s] Syntax: [label] RETLW k
Operands: s € [0,1] Operands: 0<k<255
Operation: (TOS) —» PC; Operation: k —> W;
1 — GIE/GIEH or PEIE/GIEL (TOS) - PC;
ifs=1 PCLATU, PCLATH are unchanged
(WS) > W Status Affected: None
(STATUSS) — STATUS;
(BSRS) - BSR; Encoding: ‘ 0000 | 1100 ‘ kkkk | kkkk ‘
PCLATU, PCLATH are unchanged Description: W is loaded with the eight-bit literal ‘k’.
Status Affected: GIE/GIEH, PEIE/GIEL. The program counter is loaded from the
Encodina: top of the stack (the return address).
ncoding: ‘ 0000 | 0000 ‘ ooo1 | 000s ‘ The high address latch (PCLATH)
Description: Return from interrupt. Stack is popped remains unchanged.
and Top-of-Stack (TOS) is loaded into Words: 1
the PC. Interrupts are enabled by '
setting either the high or low priority Cycles: 2
global interrupt enable bit. If ‘s’ = 1, the Q Cycle Activity:
contents of the shadow registers WS, o1 Q2 Q3 Q4
STATUSS and BSRS are loaded into q d
their corresponding registers, W, Decode i Rea|1 " Process ¢ Pop PCk
STATUS and BSR. If ‘s’ = 0, no update iteral Data \;\7'_“ Sta‘iN'
of these registers occurs (default). rite to
Words: 1 No No No No
oras: operation operation operation operation
Cycles: 2
Q Cycle Activity: Example:
Q1 Q2 Q3 Q4
Decode No No Pop PC CALL TABLE ; W contains table
operation | operation | from stack i offset value
; Wnow has
Set GIEH or . tabl 1
GIEL . ; a. e value
No No No No TABI"E
operation operation operation operation ADDWF PCL : W= offset
RETLW kO ; Begin table
Example: RETFIE 1 RETLW k1
After Interrupt
PC = TOS ’
W _ WS RETLW kn ; End of table
BSR = BSRS Before Instruction
STATUS = STATUSS w = 0x07
GIE/GIEH, PEIE/GIEL = 1 After Instruction
w = value of kn
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Pilroam Symbol Characteristic Min Typ Max Units | Conditions
22t TINP INT pin High or Low Time Tey — — ns
23t TRBP RB7:RB4 Change INT High or Low Time Tcy — — ns
241 TRCP RC7:RC4 Change INT High or Low Time 20 ns
T These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode, where CLKO output is 4 x ToscC.
FIGURE 27-7: PROGRAM MEMORY READ TIMING DIAGRAM
| | | I I I
Q1 I Q2 I Q3 I Q4 I Q1 I Q2 I

|

|
oscy | | | | | | |
S e s A S S s S —

Operating Conditions: 2.0V < Vcc < 5.5V, -40°C < TAa < +125°C unless otherwise stated.
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! | \ | | . | . : | |
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TABLE 27-9: PROGRAM MEMORY READ TIMING REQUIREMENTS

Palilim' Symbol Characteristics Min Typ Max Units

150 TadV2alL |Address Out Valid to ALE { (address 0.25 Tcy - 10 — — ns
setup time)

151 TalL2adl |ALE | to Address Out Invalid (address 5 — — ns
hold time)

155  |TalL20eL |ALE to OE J 10 0.125 Tcy — ns

160  |TadZ2oeL |AD high-Z to OE { (bus release to OE) 0 — — ns

161  |ToeH2adD |OE T to AD Driven 0.125 Tcy -5 — — ns

162 TadV2o0eH |LS Data Valid before OE T (data setup time) 20 — — ns

163 ToeH2adl |OE 7T to Data In Invalid (data hold time) 0 — — ns

164 TalH2alL  |ALE Pulse Width — 0.25 Tey — ns

165  |ToeL20eH |OE Pulse Width 05Tcy-5 | 0.5Tcy — ns

166 TalH2alH |ALE T to ALE T (cycle time) 40 ns Tcy — ns
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for con-
verting from previous versions of a device to the ones
listed in this data sheet. Typically, these changes are
due to the differences in the process technology used.
An example of this type of conversion is from a
PIC17C756 to a PIC18F8720.

Not Applicable

APPENDIX D: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442." The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.
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NOTES:
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