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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
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Active
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8-Bit
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69
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FLASH
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A/D 16x10b

External
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Surface Mount
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PIC18F6525/6621/8525/8621

Pin Diagrams (Cont.’d)
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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.
3:  RG5 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.
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TABLE 1-2: PIC18F6525/6621/8525/8621 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PIC18F6X2X | PIC18F8X2x | 1YPe | Type
PORTG is a bidirectional I/O port.
RGO/ECCP3/P3A 3 5
RGO 110 ST Digital I/O.
ECCP3 110 ST Enhanced Capture 3 input, Compare 3
output, PWM 3 output.
P3A (0] — ECCP3 output P3A.
RG1/TX2/CK2 4 6
RG1 110 ST Digital I/O.
TX2 0] — USART2 asynchronous transmit.
CKk2 110 ST USART2 synchronous clock
(see RX2/DT2).
RG2/RX2/DT2 5 7
RG2 110 ST Digital I/O.
RX2 | ST USART2 asynchronous receive.
DT2 110 ST USART2 synchronous data
(see TX2/CK2).
RG3/CCP4/P3D 6 8
RG3 110 ST Digital I/O.
CCP4 110 ST Capture 4 input, Compare 4 output,
PWM 4 output.
P3D (0] — ECCP3 output P3D.
RG4/CCP5/P1D 8 10
RG4 110 ST Digital I/O.
CCP5 110 ST Capture 5 input, Compare 5 output,
PWM 5 output.
P1D (0] — ECCP1 output P1D.
RG5 7 9 — — See MCLR/VPP/RGS5 pin.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)
Note 1: Alternate assignment for ECCP2/P2A in PIC18F8525/8621 devices when CCP2MX (CONFIG3H<0>) is not set (all

AW

Program Memory modes except Microcontroller).

Default assignment for ECCP2/P2A when CCP2MX is set (all devices).

External memory interface functions are only available on PIC18F8525/8621 devices.

Default assignment for P1B/P1C/P3B/P3C for PIC18F8525/8621 devices when ECCPMX (CONFIG3H<1>) is set and for
all PIC18F6525/6621 devices.

Alternate assignment for ECCP2/P2A in PIC18F8525/8621 devices when CCP2MX is not set (Microcontroller mode).
PORTH and PORTJ (and their multiplexed functions) are only available on PIC18F8525/8621 devices.

Alternate assignment for P1B/P1C/P3B/P3C for PIC18F8525/8621 devices when ECCPMX (CONFIG3H<1>) is not set.
AVDD must be connected to a positive supply and AVsSs must be connected to a ground reference for proper operation of
the part in user or ICSP™ modes. See parameter D001 for details.

RG5 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.
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FIGURE 3-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD VIA 1 kQ RESISTOR)
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FIGURE 3-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
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FIGURE 3-5:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
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NOTES:
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9.4 IPR Registers

The IPR registers contain the individual priority bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Priority registers (IPR1, IPR2 and IPR3). The
operation of the priority bits requires that the Interrupt
Priority Enable (IPEN) bit be set.

REGISTER 9-10: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

R/W-1 R/W-1 R/W-1

pspiPd) |  ADIP RC1IP TX1IP SSPIP

CCP1IP | TMR2IP | TMR1IP

bit 7 bit 0
bit 7 PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit(1)
1 = High priority
0 = Low priority
Note:  Enabled only in Microcontroller mode for PIC18F8525/8621 devices.
bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 RC1IP: USART1 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TX1IP: USART1 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCPL1IP: ECCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
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 98
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9.5 RCON Register

The RCON register contains the IPEN bit which is used
to enable prioritized interrupts. The functions of the
other bits in this register are discussed in more detail in
Section 4.14 “RCON Register”.

REGISTER 9-13: RCON: RESET CONTROL REGISTER

R/W-0 u-0 uU-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — — RI TO PD POR BOR
bit 7 bit 0
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16 Compatibility mode)
bit 6-5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-4.
bit3  TO: Watchdog Time-out Flag bit

For details of bit operation, see Register 4-4.
bit 2 PD: Power-down Detection Flag bit

For details of bit operation, see Register 4-4.
bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 4-4.

bit 0 BOR: Brown-out Reset Status bit
For details of bit operation, see Register 4-4.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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REGISTER 10-1:

PSPCON: PARALLEL SLAVE PORT CONTROL REGISTER®

R-0 R-0 R/W-0 R/W-0 U-0 uU-0 uU-0 U-0
IBF OBF IBOV PSPMODE — — — —
bit 7 bit 0
bit 7 IBF: Input Buffer Full Status bit
1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit
1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel Slave Port mode
0 = General Purpose 1/0 mode
bit 3-0 Unimplemented: Read as ‘0’
Note 1. Enabled only in Microcontroller mode for 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
FIGURE 10-25: PARALLEL SLAVE PORT WRITE WAVEFORMS
Qt [ @ | @3 [ @ . Q1 | @ | @ [ Q@ + Q1 [ @ | Q3 | o4
cs o\ 1 L/
WR ANV \
RD f \\ !
PORTD<7:0> ' N
IBF : \ \/
OBF : \ I
PSPIF ' \/
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18.3.5 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 18-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

FIGURE 18-3:

The clock polarity is selected by appropriately
programming the CKP bit (SSPCON1<4>). This then,
would give waveforms for SPlI communication as
shown in Figure 18-3, Figure 18-5 and Figure 18-6,
where the MSB is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user programmable to be one
of the following:

» Foscl/4 (or Tcy)

» Fosc/16 (or 4 « Tcy)

» Fosc/64 (or 16 « Tcy)

» Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 18-3 shows the waveforms for Master mode.
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18.4.6 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCONL1 and by setting the
SSPEN bit. In Master mode, the SCL and SDA lines
are manipulated by the MSSP hardware.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. 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 is set or the
bus is Idle, with both the S and P bits clear.

In Firmware Controlled Master mode, user code con-
ducts all 1°C bus operations based on Start and Stop bit
conditions.

Once Master mode is enabled, the user has six

options.

1. Assert a Start condition on SDA and SCL.

2. Assert a Repeated Start condition on SDA and
SCL.

3. Write to the SSPBUF register initiating
transmission of data/address.

4. Configure the I1°C port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a Stop condition on SDA and SCL.

Note: The MSSP module, when configured in
I2C Master mode, does not allow queueing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPBUF register to
initiate transmission before the Start
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

The following events will cause MSSP Interrupt Flag
bit, SSPIF, to be set (MSSP interrupt, if enabled):
 Start condition

« Stop condition

 Data transfer byte transmitted/received

« Acknowledge transmit

* Repeated Start

FIGURE 18-16: MSSP BLOCK DIAGRAM (|2CTM MASTER MODE)
<; Internal SSPM3:SSPMO
Data Bus SSPADD<6:0>
Read Write 4|7
| SSPBUF | Baud
Rate
’ Generator
SDA Shift _
@ . . l/\ SDA In Clock I S
= SSPSR zlg
o
L MSb LSb a5
o 8 2
o)
- g L g%
| Start bit, Stop bit, 46_‘ = 8|S
g Acknowledge 5 Sle
‘© S o
o % <>E o
ScL ; & S ME
K> ° I
= O
| 1
[ ~
1 Start bit Detect
- Stop bit Detect
SCL In Write Collision Detect —» Set/Reset S, P, WCOL (SSPSTAT),
Clock Arbitration Set SSPIF, BCLIF,
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCONZ2)
end of XMIT/RCV
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18.4.7.1 Clock Arbitration

Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
deasserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the Baud
Rate Generator (BRG) is suspended from counting
until the SCL pin is actually sampled high. When the

FIGURE 18-18:

SCL pin is sampled high, the Baud Rate Generator is
reloaded with the contents of SSPADD<6:0> and
begins counting. This ensures that the SCL high time
will always be at least one BRG rollover count in the
event that the clock is held low by an external device
(Figure 18-18).

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX ><

DX-1

SCL \

SCL deasserted but slave holds
SCL low (clock arbitration)

|

f SCL allowed to transition high

BRG decrements on
Q2 and Q4 cycles

BRG

BRG : 1 l l \

| 03h4><702h >< 01h >< 00h (hold off) |>< 03h >< 02h
Value i

|

SCL is sampled high, reload takes
place and BRG starts its count —h

Reload
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REGISTER 19-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TXSTAX: TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0

CSRC: Clock Source Select bit

Asynchronous mode:
Don't care.

Synchronous mode:

1 = Master mode (clock generated internally from BRG)

0 = Slave mode (clock from external source)

TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
TXEN: Transmit Enable bit

1 = Transmit enabled
0 = Transmit disabled

Note:  SREN/CREN overrides TXEN in Sync mode.

SYNC: EUSART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

SENDB: Send Break Character bit
Asynchronous mode:

1 = Send sync break on next transmission (cleared by hardware upon completion)

0 = Sync break transmission completed
Synchronous mode:

Don't care.

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode.

TRMT: Transmit Shift Register Status bit
1= TSR empty

0 = TSR full

TX9D: 9th bit of Transmit Data

Can be address/data bit or a parity bit.

Legend:
R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared X = Bit is unknown

DS39612C-page 214
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21.7 Comparator Operation
During Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the
comparator specifications. To minimize power
consumption while in Sleep mode, turn off the
comparators, CM<2:0> = 111, before entering Sleep. If
the device wakes up from Sleep, the contents of the
CMCON register are not affected.

21.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the
comparator Reset mode, CM<2:0>=000. This
ensures that all potential inputs are analog inputs.
Device current is minimized when analog inputs are
present at Reset time. The comparators will be
powered down during the Reset interval.

21.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 21-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 21-4: COMPARATOR ANALOG INPUT MODEL
VDD
VT = 0.6V RIC

CPIN l

AN~ p Comparator

Input
ILEAKAGE
—

Leakage Current at the pin due to various junctions

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE =
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage

Vss

© 2003-2013 Microchip Technology Inc.
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REGISTER 24-12: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)
u-0 R/C-1 u-0 u-0 u-0 u-0 u-0 u-0

— EBTRB — — — [ = — [ =

bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’
bit 6 EBTRB: Boot Block Table Read Protection bit

1 = Boot block (000000-0007FFh) not protected from table reads executed in other blocks
0 = Boot block (000000-0007FFh) protected from table reads executed in other blocks

bit 5-0 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 24-13: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F6525/6621/8525/8621 DEVICES
(ADDRESS 3FFFFEh)

R R R R R R R R
| DEV2 DEV1 ‘ DEVO REV4 REV3 REV2 REV1 REVO
bit 7 bit 0

bit 7-5 DEV2:DEVO: Device ID bits
100 = PIC18F8621
101 = PIC18F6621
110 = PIC18F8525
111 = PIC18F6525
bit 4-0 REV4:REVO0: Revision ID bits
These bits are used to indicate the device revision.

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

REGISTER 24-14: DEVID2: DEVICE ID REGISTER 2 FOR PIC18F6525/6621/8525/8621 DEVICES
(ADDRESS 3FFFFFh)

R-0 R-0 R-0 R-0 R-1 R-0 R-1 R-0
| DEV10 DEV9 ‘ DEVS8 DEV7 DEV6 DEV5 DEV4 DEV3
bit 7 bit 0

bit 7-0 DEV10:DEV3: Device ID bits

These bits are used with the DEV2:DEVO bits in the Device ID Register 1 to identify the part
number.

0000 1010 =PIC18F6525/6621/8525/8621

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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24.2 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC
oscillator which does not require any external
components. This RC oscillator is separate from the
RC oscillator of the OSC1/CLKI pin. That means that
the WDT will run even if the clock on the OSC1/CLKI
and OSC2/CLKO/RA6 pins of the device has been
stopped, for example, by execution of a SLEEP
instruction.

During normal operation, a WDT time-out generates a
device Reset (Watchdog Timer Reset). If the device is
in Sleep mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer wake-up). The TO bit in the RCON register
will be cleared upon a WDT time-out.

The Watchdog Timer is enabled or disabled by a device
configuration bit, WDTEN (CONFIG2H<0>). If WDTEN
is set, software execution may not disable this function.
When WDTEN is cleared, the SWDTEN bit enables or
disables the operation of the WDT.

The WDT time-out period values may be found in the
Electrical Specifications section under parameter 31.
Values for the WDT postscaler may be assigned using
the configuration bits.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and the postscaler if
assigned to the WDT and prevent it from
timing out and generating a device Reset
condition.

2: When a CLRWDT instruction is executed
and the postscaler is assigned to the
WDT, the postscaler count will be cleared
but the postscaler assignment is not

changed.

24.2.1 CONTROL REGISTER

Register 24-15 shows the WDTCON register. This is a
readable and writable register which contains a control
bit that allows software to override the WDT enable
configuration bit only when the configuration bit has
disabled the WDT.

REGISTER 24-15: WDTCON: WATCHDOG TIMER CONTROL REGISTER

u-0 u-0 u-0 u-0 u-0 u-0 u-0 RIW-0
= = = = = = = SWDTEN
bit 7 bit 0

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 turned off (if CONFIG2H<0> = 0)

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared X = Bit is unknown
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BCF Bit Clear f BN Branch if Negative
Syntax: [label] BCF f,b[,a] Syntax: [label] BN n
Operands: 0<f<255 Operands: -128 <n <127
0<b=<7 Operation: if Negative bit is ‘1’
ae[0]] (PC) +2 +2n - PC
Operation: 0= f<b> Status Affected: None
Status Affected: None Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Encoding: ‘ 1001 | bbba ‘ Ffff | Ffff ‘ Description: If the Negative bit is ‘1", then the
Description: Bit ‘b’ in register ‘f’ is cleared. If ‘a’ is ‘0, program will branch.
the Access Bank will be selected, The 2’s complement number ‘2n’ is
overriding the BSR value. If ‘a’ = 1, then added to the PC. Since the PC will have
the bank will be selected as per the incremented to fetch the next
BSR value (default). instruction, the new address will be

PC + 2 + 2n. This instruction is then a

Words: 1 - ,
two-cycle instruction.
Cycles: 1
y Words: 1
Cycle Activity:
QCcy y Cycles: 1(2)
Q1 Q2 Q3 Q4 .
Decode Read Process Write ? Cyclel Activity:
register ‘f’ Data register ‘f’ If Jump:
Q1 Q2 Q3 Q4
Example: BCF FLAG REG 7 0 Decode Read literal Process Write to PC
ple: = ' ' ‘n’ Data
Before Instruction No No No No
FLAG REG = 0xC7 operation | operation | operation | operation
After Instruction If No Jump:
FLAG_REG =  0x47
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BN  Jump

Before Instruction

PC = address (HERE)
After Instruction
If Negative = 1
PC = address (Jump)
If Negative = 0
PC = address (HERE + 2)
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MULLW Multiply Literal with W
Syntax: [label] MULLW  k
Operands: 0<k<255
Operation: (W) x kK > PRODH:PRODL
Status Affected: None
Encoding: ‘ 0000 ‘ 1101 ‘ kkkk | kkkk |
Description: An unsigned multiplication is carried
out between the contents of W and
the 8-bit literal 'k’. The 16-bit result is
placed in PRODH:PRODL register
pair. PRODH contains the high byte.
W is unchanged.
None of the Status flags are affected.
Note that neither overflow nor carry
is possible in this operation. A zero
result is possible but not detected.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process Write
literal 'k’ Data registers
PRODH:
PRODL
Example: MULLW 0xC4
Before Instruction
W = OxE2
PRODH = ?
PRODL = ?
After Instruction
W = OxE2
PRODH = OxAD
PRODL = 0x08

MULWF Multiply W with f
Syntax: [label] MULWF f[,a]
Operands: 0<f<255
a € [0,1]
Operation: (W) x (f) > PRODH:PRODL
Status Affected: None
Encoding: ‘ 0000 ‘ 00la ‘ ffff | fEff ‘
Description: An unsigned multiplication is carried out
between the contents of W and the
register file location ‘f’. The 16-bit result
is stored in the PRODH:PRODL
register pair. PRODH contains the high
byte.
Both W and ‘f’ are unchanged.
None of the Status flags are affected.
Note that neither overflow nor carry is
possible in this operation. A zero result
is possible but not detected. If ‘a’ is ‘0’,
the Access Bank will be selected,
overriding the BSR value. If
‘a’ = 1, then the bank will be selected
as per the BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process Write
register ‘f’ Data registers
PRODH:
PRODL
Example: MULWF REG, 1
Before Instruction
W = 0xC4
REG = OxB5
PRODH = ?
PRODL = ?
After Instruction
W = 0xC4
REG = OxB5
PRODH = Ox8A
PRODL = 0x9%4
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Pa’\jgm. Symbol Characteristic Min Max | Units | Conditions
73 TdiV2scH, |Setup Time of SDI Data Input to SCK Edge 100 — ns
TdiV2scL
73A TB2B Last Clock Edge of Byte 1 to the 1st Clock Edge of 1.5Tcy +40 — ns |(Note 2)
Byte 2
74 TscH2diL, |Hold Time of SDI Data Input to SCK Edge 100 — ns
TscL2diL
75 TdoR SDO Data Output Rise Time [PIC18F6525/6621/ — 25 ns
8525/8621
PIC18LF6X2X/8X2X — 45 ns
76 TdoF SDO Data Output Fall Time — 25 ns
78 TscR SCK Output Rise Time PIC18F6525/6621/ — 25 ns
(Master mode) 8525/8621
PIC18LF6X2X/8X2X — 45 ns
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2doV, |SDO Data Output Valid after |PIC18F6525/6621/ — 50 ns
TscL2doV |SCK Edge 8525/8621
PIC18LF6X2X/8X2X — 100 ns
Note 1: Requires the use of Parameter #73A.
2:  Only if Parameter #71A and #72A are used.
FIGURE 27-15: EXAMPLE SPI™ MASTER MODE TIMING (CKE = 1)
s [7
81>
SCK -
(CKP = 0) s ; - '
: :4_71_>: :<_ 72_>: — :4—
- ¥ : 79
73 . "
ScK AW i 7
(CKP =1) b . \
Do ;1 80, -
| il | — -
o R 78
- L (g
SDO . MSb ;X: bit 6 - - - -1 >< LSb
o )
Lo 75,76
SDI M bit 6 72~ -1
—
74
Note: Refer to Figure 27-4 for load conditions.
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Pe’ilrg\m Symbol Characteristic Min Max | Units | Conditions
82 TssL2doV |SDO Data Output Valid after PIC18F6525/6621/ — 50 | ns
SS | Edge 8525/8621
PIC18LF6X2X/8X2X — 100 ns
83 TscH2ssH, |SS T after SCK Edge 15Tcy+40 | — | ns
TscL2ssH

Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.

FIGURE 27-18:

I2C™ BUS START/STOP BITS TIMING

SCL

Note:

Start
Condition

Refer to Figure 27-4 for load conditions.

Stop
Condition

TABLE 27-19: 1°C™ BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)

P?\Irg\m. Symbol Characteristic Min Max | Units Conditions
90 Tsu:sTA | Start Condition 100 kHz mode 4700 — ns | Only relevant for Repeated
Setup Time 400 kHz mode 600 — Start condition
91 THD:STA | Start Condition 100 kHz mode 4000 — ns | After this period, the first
Hold Time 400 kHz mode 600 — clock pulse is generated
92 Tsu:sto | Stop Condition 100 kHz mode 4700 — ns
Setup Time 400 kHz mode 600 —
93 THD:STO | Stop Condition 100 kHz mode 4000 — ns
Hold Time 400 kHz mode 600 —
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FIGURE 27-22: EUSART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCBTXUCKL 7 AL

pin — E<—_121 e 121 -
RC7/RX1/DT1 . ’ <
pin : ><: X

—=. 120 |- — e -—

122 -

Note: Refer to Figure 27-4 for load conditions.

TABLE 27-23: EUSART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Pal\:gm. Symbol Characteristic Min Max | Units | Conditions
120 TckH2dtV |SYNC XMIT (Master and Slave)
Clock High to Data Out Valid PIC18F6525/6621/ — 40 ns
8525/8621
PIC18LF6X2X/8X2X| — 100 ns
121 Tekrf Clock Out Rise Time and Fall Time |PIC18F6525/6621/ — 20 ns
(Master mode) 8525/8621
PIC18LF6X2X/8X2X| — 50 ns
122 Tdtrf Data Out Rise Time and Fall Time |PIC18F6525/6621/ — 20 ns
8525/8621
PIC18LF6X2X/8X2X| — 50 ns

FIGURE 27-23: EUSART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RCE/TX1/CKL 7 \_
pin - 125
e :
RC7/RX1/DT1 : .
pin X X

| +———126———

Note:  Refer to Figure 27-4 for load conditions.

TABLE 27-24: EUSART SYNCHRONOUS RECEIVE REQUIREMENTS

Pa’\:sm. Symbol Characteristic Min Max | Units Conditions
125 TdtvV2ckl | SYNC RCV (Master and Slave)

Data Hold before CKx 4 (DTx hold time) 10 — ns
126 TckL2dtl | Data Hold after CKx { (DTx hold time) 15 — ns
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TIMEI3 . 144
Timer3 (16-Bit Read/Write Mode) ..........ccccoceevvennnn. 144
TIMEIA ..o 148
Watchdog TIMer......c.ccocviiiiiiieiiicie e 268

BIN ettt 284
BNC .o 285
BININ Lot 285
BNOV ..ttt 286
BNZ ..o 286
BOR. See Brown-out Reset.
BOV ottt 289
BRA e 287
Break Character (12-Bit) Transmit and Receive ............... 226
BRG. See Baud Rate Generator.
Brown-out Reset (BOR) .......ccccvveriiereniieiisiee e 30, 259
B S ittt 287
BTFSC oottt 288
BTFSS oo 288
BTG ittt 289
BZ e 290
C
C Compilers

MPLAB CL7 ..ottt

MPLAB C18....
MPLAB C30....

Capture (CCP ModUIE) .......ccceeeivieiiieiiiiiienie e 151
Associated REQISIErS .......cceevvvieeiiiieeeeie e 153
CCP Pin Configuration...........ccccevcvveerireeeninee e 151
CCPR4H:CCPRAL RegiSters.........cccuvveeieerirerieinenn 151
Software INterrupt .......coocvviriiieeeee e 151
Timerl/Timer3 Mode Selection............c.ccccoovieiinnen. 151

Capture (ECCP Module) .........cccccn.ee.

Capture/Compare/PWM (CCP)
Capture Mode. See Capture.

CCP Mode and Timer ReSOUrces...........cccccvvuveninenne 150
CCPRXH REQISEN .....vveiiiieee e 150
CCPRXL REQISLEN......vieiiiiieesiieecesiiece e 150
Compare Mode. See Compare.

Interconnect Configurations ...........ccoceveeciieeiiieeeens 150

Module Configuration
PWM Mode. See PWM.

Clocking Scheme/Instruction Cycle ..........cccccoeeriiieirineenns 44
CLRF e e s 291
CLRWDT ..ttt 291
Code Examples
16 x 16 Signed Multiply Routine ...........ccccveervveerninnen. 86
16 x 16 Unsigned Multiply Routine ...........ccccccvvirenen. 86
8 x 8 Signed Multiply Routine ........ ....85
8 x 8 Unsigned Multiply Routine .......... ....85
Changing Between Capture Prescalers... ..151
Computed GOTO Using an Offset Value.................... 46
Data EEPROM Read ...........cccoceeviiiiiiiiiniicce 81
Data EEPROM Refresh Routine...........cccccevvvvniineen. 82
Data EEPROM WIIe .......oooviiiiiiiieiieieccie e 81
Erasing a Flash Program Memory Row ... ....66
Fast Register Stack..........ccovviiiiieiiiiniiiiieeeese e 44
How to Clear RAM (Bank 1) Using
Indirect AJdressing ..........cceeevivrennieiiniiecnseeee 56
Implementing a Real-Time Clock Using a
Timerl Interrupt Service ........cccoeevveeviiiiiieininens 138
Initializing PORTA ..o 103
Initializing PORTB .......cooiiiiiiiiciiec et 106
Initializing PORTC.......cooiiiiiiiiiiiie et 109
INitializing PORTD.....ccoiiiiiiiiee e 111

Initializing PORTE ......cooiiiiiiiiiiienc e 114

Initializing PORTE .......ocoiiiiiiiiiie e 117

Initializing PORTG .....cvviiiiie e 120

Initializing PORTH ... .. 122

Initializing PORTJ ...ccvviiiiiiiieiiiicies .. 125

Loading the SSPBUF (SSPSR) Register .. .. 176

Reading a Flash Program Memory Word.................... 65

Saving STATUS, WREG and

BSR Registers in RAM ........cocoiiiiiiieiiieeeen, 102

Writing to Flash Program Memory............ccccceeee. 68-69
Code Protection........ccceecvieiiieiieiiiineceie e 259, 270

Associated REJISIErS.........ovvviiieiiiieeiiiie e 271

Configuration Register Protection..... .. 273

Data EEPROM .......ccccooeiviiiiiciens .. 273

Program Memory .. . 271
COMP . 292
COMPATALOL.....cviiieiiiiie e 243

Analog Input Connection Considerations ................. 247

Associated Registers.........ccocvvvieriieiieniienieeceee e 248

Configuration..............

Effects of a Reset ....

Interrupts .................

OPEIALION ....cvee ittt

Operation During Sleep

OUIPULS ...t

ReferenCe ......oooviiiiiiic

External Signal
Internal Signal ..........ccooeeviiriiniie e

Response Time ............. .
Comparator Specifications..... . 332
Comparator Voltage Reference .. 249

Accuracy and Error........c.cccvcvvvieiiiiniecieeneee e 250

Associated REJISIErS.........eviviveeiiiieeeiiie e 251

COoNfIQUIING .. 249

Connection Considerations ..........cccocceeveveeiienvecnnens 250

Effects of a Reset ............. . 250

Operation During Sleep.... . 250
Compare (CCP Module)........ .. 152

Associated REJISIErS........ueviviiieiiiiieseee e 153

CCP Pin Configuration ..........c.cccceeviriiiniiiniciiecens 152

CCPRL REGISIEN ....eeiiiiiiie it 152

Software INterrupt.........ccevevriiee e 152

Special Event Trigger .......coovevveeiiiniiiiieie e 152

Timerl/Timer3 Mode Selection ...........ccccceevcvvnneeennn. 152
Compare (ECCP Module)

Special Event Trigger .......ccccoevvenicnieennnn. 137, 145, 160
Configuration BitS .........cccceeiiiiiiiiniciecc e 259
Context Saving During INterrupts.........cccoevveerinneniieenens 102
Control Registers

EECON1 and EECON2..........cccoviiiiieiieciicnieecie e 62

TABLAT (Table Latch) Register .........cccccevvveeiniiieennns 64

TBLPTR (Table Pointer) Register..... ... 64
Conversion Considerations.... . 378
CPFSEQ....ccoiiirireerenreneens .. 292
CPFSGT ittt 293
CPESLT ittt 293
D
Data EEPROM MeMOTIY......ccccoiiiiiiiiiieiiiiee e 79

Associated REJISIErS.........eviiiieiriiiee e 83

EEADR REQIStEr....cocviiiiiiiiiiiiiciiceee e 79

EEADRH REQISIEN .....viciiiiiiiiiiiiccie e 79

EECONIL REQISLEN ...ecoiiiieiiiiiee e 79

EECON2 REQGISLEN .....vveiiiiiiiiiiiciie e 79

Operation During Code-Protect............cccceeveenieinennn. 82

Protection Against Spurious Write............ccccveeiineen. 82
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