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PIC18F6585/8585/6680/8680

TABLE 1-2: PIC18F6585/8585/6680/8680 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18F6X8X |PIC18Fexax| N | Buffer Description
Type Type
TQFP |PLCC| TQFP
PORTB is a bidirectional I/0O port. PORTB
can be software programmed for internal
weak pull-ups on all inputs.
RBO/INTO 48 60 58
RBO 110 TTL Digital I/0.
INTO | ST External interrupt 0.
RB1/INT1 47 59 57
RB1 /0 TTL Digital 1/0.
INT1 | ST External interrupt 1.
RB2/INT2 46 58 56
RB2 /10 TTL Digital I/0.
INT2 | ST External interrupt 2.
RB3/INT3/CCP2 45 57 55
RB3 /0 TTL Digital 1/0.
INT3 1/0 ST External interrupt 3.
ccp2® I/0 ST Capture 2 input/‘Compare 2 output/
PWM 2 output.
RB4/KBIO 44 56 54
RB4 1/0 TTL Digital 1/0.
KBIO | ST Interrupt-on-change pin.
RB5/KBI1/PGM 43 55 53
RB5 /0 TTL Digital 1/0.
KBI1 | ST Interrupt-on-change pin.
PGM /10 ST Low-Voltage ICSP Programming
enable pin.
RB6/KBI2/PGC 42 54 52
RB6 1/0 TTL Digital 1/0.
KBI2 | ST Interrupt-on-change pin.
PGC 1/0 ST In-circuit debugger and ICSP
programming clock.
RB7/KBI3/PGD 37 48 a7
RB7 1/0 TTL Digital I/0.
KBI3 110 ST Interrupt-on-change pin.
PGD In-circuit debugger and ICSP
programming data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input O = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 in all operating modes except Microcontroller — applies to PIC18F8X8X only.
2: Default assignment when CCP2MX is set.
3: External memory interface functions are only available on PIC18F8X8X devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode; otherwise, it is
multiplexed with either RB3 or RC1.

5: PORTH and PORTJ are only available on PIC18F8X8X (80-pin) devices.
6: PSP is available in Microcontroller mode only.

7: On PIC18F8X8X devices, these pins can be multiplexed with RH7/RH6 by changing the ECCPMX
configuration bit.
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4.2 Return Address Stack

The return address stack allows any combination of up
to 31 program calls and interrupts to occur. The PC
(Program Counter) is pushed onto the stack when a
CALL or RCALL instruction is executed or an interrupt is
Acknowledged. The PC value is pulled off the stack on
a RETURN, RETLW, or a RETFIE instruction. PCLATU
and PCLATH are not affected by any of the RETURN or
CALL instructions.

The stack operates as a 31-word by 21-bit RAM and a
5-bit stack pointer, with the stack pointer initialized to
00000b after all Resets. There is no RAM associated
with stack pointer 00000b. This is only a Reset value.
During a CALL type instruction causing a push onto the
stack, the stack pointer is first incremented and the
RAM location pointed to by the stack pointer is written
with the contents of the PC. During a RETURN type
instruction causing a pop from the stack, the contents
of the RAM location pointed to by the STKPTR are
transferred to the PC and then the stack pointer is
decremented.

The stack space is not part of either program or data
space. The stack pointer is readable and writable and
the address on the top of the stack is readable and writ-
able through SFR registers. Data can also be pushed
to or popped from the stack, using the top-of-stack
SFRs. Status bits indicate if the stack pointer is at or
beyond the 31 levels provided.

4.2.1 TOP-OF-STACK ACCESS

The top of the stack is readable and writable. Three
register locations, TOSU, TOSH and TOSL, hold the
contents of the stack location pointed to by the
STKPTR register. This allows users to implement a
software stack if necessary. After a CALL, RCALL or
interrupt, the software can read the pushed value by
reading the TOSU, TOSH and TOSL registers. These
values can be placed on a user defined software stack.
At return time, the software can replace the TOSU,
TOSH and TOSL and do a return.

The user must disable the global interrupt enable bits
during this time to prevent inadvertent stack
operations.

422  RETURN STACK POINTER
(STKPTR)

The STKPTR register contains the stack pointer value,
the STKFUL (Stack Full) status bit, and the STKUNF
(Stack Underflow) status bits. Register 4-2 shows the
STKPTR register. The value of the stack pointer can be
0 through 31. The stack pointer increments when values
are pushed onto the stack and decrements when values
are popped off the stack. At Reset, the stack pointer
value will be ‘0’. The user may read and write the stack
pointer value. This feature can be used by a Real-Time
Operating System for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit can only be cleared in software or
by a POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack
Overflow Reset Enable) configuration bit. Refer to
Section 25.0 “Instruction Set Summary” for a
description of the device configuration bits. If STVREN
is set (default), the 31st push will push the (PC + 2)
value onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the stack
pointer will be set to ‘0’.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the stack pointer will increment to 31.
Any additional pushes will not overwrite the 31st push
and STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and sets the STKUNF bit while the stack
pointer remains at ‘0’. The STKUNF bit will remain set
until cleared in software or a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken.
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4.3 Fast Register Stack

A “fast interrupt return” option is available for interrupts.
A fast register stack is provided for the Status, WREG
and BSR registers and is only one in depth. The stack
is not readable or writable and is loaded with the
current value of the corresponding register when the
processor vectors for an interrupt. The values in the
registers are then loaded back into the working regis-
ters if the FAST RETURN instruction is used to return
from the interrupt.

A low or high priority interrupt source will push values
into the stack registers. If both low and high priority
interrupts are enabled, the stack registers cannot be
used reliably for low priority interrupts. If a high priority
interrupt occurs while servicing a low priority interrupt,
the stack register values stored by the low priority
interrupt will be overwritten.

If high priority interrupts are not disabled during low
priority interrupts, users must save the key registers in
software during a low priority interrupt.

If no interrupts are used, the fast register stack can be
used to restore the Status, WREG and BSR registers at
the end of a subroutine call. To use the fast register
stack for a subroutine call, a FAST CALL instruction
must be executed.

Example 4-1 shows a source code example that uses
the fast register stack.

EXAMPLE 4-1: FAST REGISTER STACK
CODE EXAMPLE

CALL SUB1l, FAST ;STATUS, WREG, BSR
;SAVED IN FAST REGISTER
;i STACK
.
.
SUB1 .

RETURN FAST ;RESTORE VALUES SAVED
;IN FAST REGISTER STACK

4.4 PCL, PCLATH and PCLATU

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits
wide. The low byte is called the PCL register; this reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<15:8>
bits and is not directly readable or writable; updates to
the PCH register may be performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits and is not directly
readable or writable; updates to the PCU register may
be performed through the PCLATU register.

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the LSB of the PCL is fixed to a value of
‘0’. The PC increments by 2 to address sequential
instructions in the program memory.

The CALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

The contents of PCLATH and PCLATU will be trans-
ferred to the program counter by an operation that
writes PCL. Similarly, the upper two bytes of the pro-
gram counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 4.8.1
“Computed GOTO").

45 Clocking Scheme/Instruction
Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the
program counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 4-5.

FIGURE 4-5: CLOCK/INSTRUCTION CYCLE

Q1] Q2 ] Q3| Q4! Q1|
osclL /v /v /v /L /L

Q2 | Q3 | Q4 I Q1 | Q2 | Q3 | Q4 !
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Q2| | } | | Internal
Q3I | | \ | Elhoacske
o) | ) !

PC PC X PC+2 X PC+4

(RC Mode)

Execute INST (PC-2)

OSC2/CLKO k—/—K—/—k—/il

Execute INST (PC)

|
I
i Fetch INST (PC)
|

|

|

Fetch INST (PC+2) Execute INST (PC+2) |
Fetch INST (PC+4) |
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6.2.2 16-BIT WORD WRITE MODE

Figure 6-2 shows an example of 16-bit Word Write

mode for PIC18F8X8X devices.

FIGURE 6-2: 16-BIT WORD WRITE MODE EXAMPLE

PIC18F8X8X
AD<7:0>

AD<15:8>

ALE

373

A<20:1>

D<15:0>

373

A<19:16>

P | D<15:0>

. JEDEC Word
> Asx:0> EPROM Memory

WRW

CE

OE

WRH

Address Bus
Data Bus
Control Lines

Note 1: This signal only applies to table writes. See Section 5.1 “Table Reads and Table Writes”.

© 2003-2013 Microchip Technology Inc.
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12.2 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T1O0SO (amplifier output). It is enabled by
setting control bit, TLOSCEN (T1CON<3>). The oscil-
lator is a low-power oscillator rated up to 200 kHz. It will
continue to run during Sleep. It is primarily intended for
a 32 kHz crystal. Table 12-1 shows the capacitor
selection for the Timer1 oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.

TABLE 12-1: CAPACITOR SELECTION
FOR THE ALTERNATE
OSCILLATOR
Osc Type Freq C1 c2
LP 32 kHz TBD® T8DM

Crystal to be Tested:
32.768 kHz | Epson C-001R32.768K-A | + 20 PPM

Note 1: Microchip suggests 33 pF 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.

12.3 Timerl Interrupt

The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to OFFFFh and rolls over to 0000h. The
TMR1 interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit, TMRI1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing TMRL1 interrupt enable bit, TMR1IE
(PIE1<0>).

12.4 Resetting Timerl Using a CCP
Trigger Output

If the CCP module is configured in Compare mode
to generate a “special event trigger”
(CCP1M3:CCP1MO = 1011), this signal will reset
Timerl and start an A/D conversion (if the A/D module
is enabled).

Note:  The special event triggers from the CCP1
module will not set interrupt flag bit

TMRIIF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPR1H:CCPR1L register
pair effectively becomes the period register for Timer1.

12,5 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<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timerl. A read
from TMR1L 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, is valid
due to a rollover between reads.

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

The high byte of Timerl is not directly readable or writ-
able 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.

TABLE 12-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, BOR all other
Resets

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF | 0000 0000|0000 0000
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE [ 0000 0000|0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP (0111 1111|0111 1111
TMR1L [Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|Uuuuu uuuu
TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
T1CON RD16 — T1CKPS1 | T1ICKPSO | TIOSCEN | TISYNC | TMR1CS | TMR1ON [ 0-00 0000 |u-uu uuuu
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.

© 2003-2013 Microchip Technology Inc.
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17.4.17.3 Bus Collision During a Stop
Condition
Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is deasserted, SCL is sampled
low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD<6:0>
and counts down to ‘0’. After the BRG times out, SDA
is sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 17-31). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 17-32).

FIGURE 17-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
‘ TBRG TBRG TBRG | SDA sampled
low after TBRG,
”””””””” set BCLIF
SDA
f
SDA asserted low
SCL
PEN Q L
BCLIF
P ‘0’
SSPIF 0
FIGURE 17-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)
‘ TBRG TBRG ‘ TBRG ‘
SDA
SCL goes low before SDA goes high,
TAssert SDA set BCLIF
SCL
PEN 4 L
BCLIF
P ‘0’
SSPIF 0
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18.2.4 AUTO-WAKE-UP ON SYNC BREAK
CHARACTER

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

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

Following a wake-up event, the module generates an
RCIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 18-7) and asynchronously, if the device is in
Sleep mode (Figure 18-8). The interrupt condition is
cleared by reading the RCREG register.

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

18.2.4.1  Special Considerations Using
Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RX/DT, information with any state changes
before the Stop bit may signal a false end-of-character

FIGURE 18-7:

and cause data or framing errors. To work properly,
therefore, the initial character in the transmission must
be all ‘0’s. This can be 00h (8 bytes) for standard RS-232
devices or 000h (12 bits) for LIN bus.

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

18.2.4.2 Special Considerations Using
the WUE Bit

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

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

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

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

0osc1

(. '

Bit Set by'User N\ '

1Q1/Q2| 03| Q4,01/ 92| 231 Q4,011 Q2 Q3] Q4,01]Q2|Q3|Q4, Q1| 2| 03]Q4,01]Q2| Q3| Q4,01|Q2| Q3] @4,01| 22| 23]Q4,01] Q2| Q3| 4,01/ Q2| Q3|Q4,
A N N N W U WAl N W A N W AW N W AN W W AW WY AW WU AW AW AW AW AW

' ' )

' — Auto-Cleared
\ Il

WUE bit

RX/DT Line

RCIF

s

S S —

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

Cleared due to User Read of RCREG —/

Sleep Command Executed f

2:  The USART remains in Idle while the WUE bit is set.

FIGURE 18-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
1Q1|02|03]04,01]Q2|Q3|Q4,01/Q2| Q3| Q4, Q1 |Q2|3|@4,01|Q2|Q3|Q4,Q1(Q2|Q3|Q4,Q1|Q2|Q3|Q4,Q1|Q2| Q3|Q4,
OSC1 |/ / J / 4 Py ! / !
 Bit Set by User — . Auto-Cleared
WUE bit ! ‘ / N .
RX/DT Line v Wm'/mjne 1
RCIF . . ‘

Sleep Ends %

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur while the stposc signal is still active.
This sequence should not depend on the presence of Q clocks.

Cleared due to User Read of RCREG —/
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18.2.5 BREAK CHARACTER SEQUENCE

The enhanced USART module has the capability of
sending the special break character sequences that
are required by the LIN bus standard. The break char-
acter transmit consists of a Start bit, followed by twelve
‘0" bits and a Stop bit. The frame break character is sent
whenever the SENDB and TXEN bits (TXSTA<3> and
TXSTA<5>) are set while the Transmit Shift register is
loaded with data. Note that the value of data written to
TXREG will be ignored and all ‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the break character (typically, the sync
character in the LIN specification).

Note that the data value written to the TXREG for the
break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 18-9 for the timing of the break
character sequence.

18.2.5.1 Break and Sync Transmit Sequence

The following sequence will send a message frame
header made up of a break, followed by an auto-baud
sync byte. This sequence is typical of a LIN bus master.

1. Configure the USART for the desired mode.

2. Set the TXEN and SENDB bits to set up the
break character.

3. Load the TXREG with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘'55h’ to TXREG to load the sync character
into the transmit FIFO buffer.

5. After the break has been sent, the SENDB bit is
reset by hardware. The sync character now
transmits in the preconfigured mode.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

18.2.6 RECEIVING A BREAK CHARACTER

The enhanced USART module can receive a break
character in two ways.

The first method forces the configuration of the baud
rate at a frequency of 9/13 the typical speed. This
allows for the Stop bit transition to be at the correct
sampling location (13 bits for break versus Start bit and
8 data bits for typical data).

The second method uses the auto-wake-up feature
described in Section 18.2.4 “Auto-Wake-up on Sync
Break Character”. By enabling this feature, the
USART will sample the next two transitions on RX/DT,
cause an RCIF interrupt, and receive the next data byte
followed by another interrupt.

Note that following a break character, the user will typ-
ically want to enable the auto-baud rate detect feature.
For both methods, the user can set the ABD bit once
the TXIF interrupt is observed.

FIGURE 18-9: SEND BREAK CHARACTER SEQUENCE
Write to TXREG I (C
Dummy Write ))
BRG Output 3
(shin C‘IJOFC’L‘) — \__I L L [— 5 5_1 [ \_1 LI
X (pin) —\_start Bit BitO Bit1 i J( Bitll /SopBi .
-4—————— Break >\
TXIF bit ‘ .
(Transmit Buffer u )()( T
Reg. Empty Flag) !
TRMT bit .
(Transmit Shift c [
Reg. Empty Flag) ; JJ I
' SENDB Sampled Here Auto-Cl d '
SENDB /— o uto-Cleare \
(Transmit Shift ))

Reg. Empty Flag)
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18.3 USART Synchronous
Master Mode

The Synchronous Master mode is entered by setting
the CSRC bit (TXSTA<7>). In this mode, the data is
transmitted in a half-duplex manner (i.e., transmission
and reception do not occur at the same time). When
transmitting data, the reception is inhibited and vice
versa. Synchronous mode is entered by setting bit
SYNC (TXSTA<4>). In addition, enable bit, SPEN
(RCSTA<7>), is set in order to configure the
RC6/TX/CK and RC7/RX/DT 1/O pins to CK (clock) and
DT (data) lines, respectively.

The Master mode indicates that the processor trans-
mits the master clock on the CK line. Clock polarity is
selected with the SCKP bit (BAUDCON<5>); setting
SCKP sets the Idle state on CK as high, while clearing
the bit sets the Idle state as low. This option is provided
to support Microwire devices with this module.

18.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 18-2. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available).

FIGURE 18-10:

SYNCHRONOUS TRANSMISSION

Once the TXREG register transfers the data to the TSR
register (occurs in one TcycLE), the TXREG is empty
and interrupt bit TXIF (PIR1<4>) is set. The interrupt
can be enabled/disabled by setting/clearing enable bit,
TXIE (PIE1<4>). Flag bit TXIF will be set regardless of
the state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register.

While flag bit TXIF indicates the status of the TXREG
register, another bit, TRMT (TXSTA<1>), shows the sta-
tus of the TSR register. TRMT is a read-only bit which is
set when the TSR is empty. No interrupt logic is tied to
this bit so the user must poll this bit in order to determine
if the TSR register is empty. The TSR is not mapped in
data memory so it is not available to the user.

To set up a synchronous master transmission:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the synchronous master serial port by

setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting bit TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

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

o oA W

aezesforariozogosrioriosforaniozfososariozosfor]  [osfos rezlodorarforlosfortar]ezfosfosarfezesierforioziogodarog eslod

pin
(SCKP = 0) \
RC6/TX/CK

n
sckp 1) ‘ ; ; ‘

RCWRX/% bit 0 bit T BiEZ < §— BT bit 0 Bit T 1§ D A
RC6/TX/CK I <—— Word 1~ < Word2 : - .

Write to ] ! Il ' ! ' )r )/ :
TXREG Reg Write Word 1 ° Write Word 2 ' ) . . . .
TXIF bit % ' ' ‘ )( )( :
(Interrupt Flag) ! L ' L L L ' ' !
TRMT bit : : : ! : : : w 5¢ w 3
By ! . . . . . . . . qn
TXEN bit ‘ . : ‘ : ; : ‘ §§ f f

Note:  Sync Master mode, SPBRG = 0, continuous transmission of two 8-bit words.
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20.2 Comparator Operation

A single comparator is shown in Figure 20-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 20-2 represent
the uncertainty due to input offsets and response time.

20.3 Comparator Reference

An external or internal reference signal may be used
depending on the Comparator Operating mode. The
analog signal present at VIN- is compared to the signal
at VIN+ and the digital output of the comparator is
adjusted accordingly (Figure 20-2).

FIGURE 20-2: SINGLE COMPARATOR
VIN+
Output
VIN-

Output

20.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and Vbb and can be applied to either
pin of the comparator(s).

20.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the compara-
tors. Section 21.0 “Comparator Voltage Reference
Module” contains a detailed description of the compar-
ator voltage reference module that provides this signal.
The internal reference signal is used when comparators
are in mode CM<2:0> = 110 (Figure 20-1). In this mode,
the internal voltage reference is applied to the VIN+ pin
of both comparators.

20.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal
reference is changed, the maximum delay of the inter-
nal voltage reference must be considered when using
the comparator outputs. Otherwise, the maximum
delay of the comparators should be used (Section 27.0
“Electrical Characteristics”).

20.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RF1 and RF2
1/0 pins. When enabled, multiplexors in the output path
of the RF1 and RF2 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 20-3 shows the
comparator output block diagram.

The TRISA bits will still function as an output
enable/disable for the RF1 and RF2 pins while in this
mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<4:5>).

Note 1: When reading the Port register, all pins
configured as analog inputs will read as a
‘0", Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to
consume more current than is specified.

© 2003-2013 Microchip Technology Inc.
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TABLE 23-1:

Address® Name
E7Fh | CANCON_R0O4®@
E7Eh | CANSTAT_R0O4®)
E7Dh B5D7
E7Ch B5D6
E7Bh B5D5
E7Ah B5D4
E79h B5D3
E78h B5D2
E77h B5D1
E76h B5DO
E75h B5DLC
E74h B5EIDL
E73h B5EIDH
E72h B5SIDL
E71h B5SIDH
E70h B5CON
E6Fh| CANCON_RO5
E6Eh| CANSTAT_RO5
E6Dh B4D7
E6Ch B4D6
E6Bh B4D5
E6AN B4D4
E69h B4D3
E68h B4D2
E67h B4D1
E66h B4DO
E65h B4DLC
E64h B4EIDL
E63h B4EIDH
E62h B4SIDL
E61h B4SIDH
E60h B4CON

Note 1:

Address
E5Fh
E5Eh
E5Dh
E5Ch
E5Bh
E5Ah
E59h
E58h
E57h
E56h
E55h
E54h
E53h
E52h
E51h
E50h
E4Fh
E4Eh
E4Dh
E4Ch
E4Bh
E4Ah
E49h
E48h
E47h
E46h
E45h
E44h
E43h
E42h
E41h
E40h

Name

CANCON_RO6®@

CANSTAT_R0O6(@)

B3D7

B3D6

B3D5

B3D4

B3D3

B3D2

B3D1

B3DO

B3DLC

B3EIDL

B3EIDH

B3SIDL

B3SIDH

B3CON

CANCON_RO7

CANSTAT_RO7

B2D7

B2D6

B2D5

B2D4

B2D3

B2D2

B2D1

B2D0

B2DLC

B2EIDL

B2EIDH

B2SIDL

B2SIDH

B2CON

Address
E3Fh
E3Eh
E3Dh
E3Ch
E3Bh
E3Ah
E39h
E38h
E37h
E36h
E35h
E34h
E33h
E32h
E31lh
E30h
E2Fh
E2Eh
E2Dh
E2Ch
E2Bh
E2Ah
E29h
E28h
E27h
E26h
E25h
E24h
E23h
E22h
E21h
E20h

CAN CONTROLLER REGISTER MAP (CONTINUED)

Name

CANCON_R08®

CANSTAT_R0O8@

B1D7

B1D6

B1D5

B1D4

B1D3

B1D2

B1D1

B1DO

Bi1DLC

B1EIDL

B1EIDH

B1SIDL

B1SIDH

B1CON

CANCON_RO9

CANSTAT_RO9

BOD7

BOD6

BOD5

BOD4

BOD3

BOD2

BOD1

BODO

BODLC

BOEIDL

BOEIDH

BOSIDL

BOSIDH

BOCON

Address Name

E1Fh —@

E1Eh —

E1Dh —

E1Ch

E1Bh

E1Ah

E19h

E18h

E17h

E16h

E15h

El4h

E13h —4

E12h

Ellh

E10h

EOFh

EOEh

EODh

EOCh

EOBh

EOAh

EO%h

EO08h

EO7h —@

EO06h —@

EO5h —@

E04h —@

EO3h —@

EO2h —@

EO1h —4

EOOh —@

Shaded registers are available in Access Bank low area while the rest are available in Bank 15.

2: CANSTAT register is repeated in these locations to simplify application firmware. Unique names are given for
each instance of the controller register due to the Microchip header file requirement.

3: These registers are not CAN registers.
Unimplemented registers are read as ‘0’.
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FIGURE 23-7:

ERROR MODES STATE DIAGRAM

Error-
Passive

Error-
Active

RXERRCNT < 127 or

TXERRCNT < 127
RXERRCNT > 127 or
TXERRCNT > 127

TXERRCNT > 255

128 occurrences of
11 consecutive
“recessive” bits

23.15 CAN Interrupts

The module has several sources of interrupts. Each of
these interrupts can be individually enabled or dis-
abled. The PIR3 register contains interrupt flags. The
PIE3 register contains the enables for the 8 main inter-
rupts. A special set of read-only bits in the CANSTAT
register, the ICODE bits, can be used in combination
with a jump table for efficient handling of interrupts.

All interrupts have one source with the exception of the
error interrupt and buffer interrupts in Mode 1 and 2. Any
of the error interrupt sources can set the error interrupt
flag. The source of the error interrupt can be determined
by reading the Communication Status register,
COMSTAT. In Mode 1 and 2, there are two interrupt
enable/disable and flag bits — one for all transmit buffers
and the other for all receive buffers.

The interrupts can be broken up into two categories:
receive and transmit interrupts.

The receive related interrupts are:
* Receive Interrupts

* Wake-up Interrupt

* Receiver Overrun Interrupt

* Receiver Warning Interrupt

» Receiver Error-Passive Interrupt

The transmit related interrupts are:

¢ Transmit Interrupts

» Transmitter Warning Interrupt

« Transmitter Error-Passive Interrupt
¢ Bus-Off Interrupt

23.15.1 INTERRUPT CODE BITS

To simplify the interrupt handling process in user firm-
ware, the ECAN module encodes a special set of bits. In
Mode 0, these bits are ICODE<2:0> in the CANSTAT
register. In Mode 1 and 2, these bits are EICODE<3:0>
in the CANSTAT register. Interrupts are internally priori-
tized such that the higher priority interrupts are assigned
lower values. Once the highest priority interrupt condi-
tion has been cleared, the code for the next highest
priority interrupt that is pending (if any) will be reflected
by the ICODE bits. Note that only those interrupt sources
that have their associated interrupt enable bit set will be
reflected in the ICODE bits.

In Mode 2, when a receive message interrupt occurs,
EICODE bits will always consist of ‘10000’. User
firmware may use FIFO pointer bits to actually access
the next available buffer.
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REGISTER 24-5:

bit 7

bit 6-2
bit 1

bit 0

REGISTER 24-6:

bit 7

bit 6-3
bit 2

bit 1
bit 0

CONFIG3H: CONFIGURATION REGISTER 3HIGH (BYTE ADDRESS 300005h)

RIP-1 u-0 u-0 U-0 u-0 U-0 RP-1  RIP-1
MCLRE — — — — | — [Eccpmx | ccramx |
bit 7 bit 0

MCLRE: MCLR Enable bit(?)

1 = MCLR pin enabled, RG5 input pin disabled

0 = RG5 input enabled, MCLR disabled

Unimplemented: Read as ‘0’

ECCPMX: CCP1 PWM outputs P1B, P1C mux bit (PIC18F8X8X devices only)?
1 = P1B, P1C are multiplexed with RE6, RE5

0 = P1B, P1C are multiplexed with RH7, RH6

CCP2MX: CCP2 Mux bit

In Microcontroller mode:

1 = CCP2 input/output is multiplexed with RC1

0 = CCP2 input/output is multiplexed with RE7

In Microprocessor, Microprocessor with Boot Block and Extended Microcontroller modes
(PIC18F8X8X devices only):

1 = CCP2 input/output is multiplexed with RC1

0 = CCP2 input/output is multiplexed with RB3

Note 1: If MCLR is disabled, either disable low-voltage ICSP or hold RB5/PGM low to
ensure proper entry into ICSP mode.

2: Reserved for PIC18F6X8X devices; maintain this bit set.

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

CONFIGA4L: CONFIGURATION REGISTER 4 LOW (BYTE ADDRESS 300006h)

RIP-1 u-0 u-0 u-0 u-0 RIP-1 u-0 RIP-1
DEBUG — — — [ = T vwr — | STVREN]]
bit 7 bit 0

DEBUG: Background Debugger Enable bit

1 = Background debugger disabled. RB6 and RB7 configured as general purpose I/O pins.
0 = Background debugger enabled. RB6 and RB7 are dedicated to in-circuit debug.

Unimplemented: Read as ‘0’
LVP: Low-Voltage ICSP Enable bit

1 = Low-voltage ICSP enabled
0 = Low-voltage ICSP disabled

Unimplemented: Read as ‘0’
STVREN: Stack Full/lUnderflow Reset Enable bit

1 = Stack full/underflow will cause Reset
0 = Stack full/underflow will not cause Reset

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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25.0 INSTRUCTION SET SUMMARY

The PIC18 instruction set adds many enhancements to
the previous PIC MCU instruction sets, while maintain-
ing an easy migration from these PIC MCU instruction
sets.

Most instructions are a single program memory word
(16 bits) but there are three instructions that require two
program memory locations.

Each single-word instruction is a 16-bit word divided
into an opcode, which specifies the instruction type and
one or more operands, which further specify the
operation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

* Byte-oriented operations

« Bit-oriented operations

« Literal operations

« Control operations

The PIC18 instruction set summary in Table 25-2 lists
byte-oriented, bit-oriented, literal and control
operations. Table 25-1 shows the opcode field
descriptions.

Most byte-oriented instructions have three operands:
1. The file register (specified by ‘f’)

2. The destination of the result (specified by ‘d’)

3. The accessed memory (specified by ‘a’)

The file register designator ‘f' specifies which file
register is to be used by the instruction.

The destination designator ‘d’ specifies where the
result of the operation is to be placed. If ‘d’ is zero, the
result is placed in the WREG register. If ‘d" is one, the
result is placed in the file register specified in the
instruction.

All bit-oriented instructions have three operands:

1. The file register (specified by ‘f’)

2. The bitin the file register (specified by ‘b’)

3. The accessed memory (specified by ‘a’)

The bit field designator ‘b’ selects the number of the bit
affected by the operation, while the file register desig-
nator ‘f’ represents the number of the file in which the
bit is located.

The literal instructions may use some of the following
operands:

A literal value to be loaded into a file register
(specified by ‘k’)

* The desired FSR register to load the literal value
into (specified by ‘")

* No operand required (specified by ‘—')

The control instructions may use some of the following

operands:

* A program memory address (specified by ‘n’)

* The mode of the call or return instructions
(specified by ‘s)

» The mode of the table read and table write
instructions (specified by ‘m’)

» No operand required (specified by ‘—’)

All instructions are a single word except for three

double-word instructions. These three instructions

were made double-word instructions so that all the

required information is available in these 32 bits. In the

second word, the 4 MSbs are ‘1’s. If this second word

is executed as an instruction (by itself), it will execute

as a NOP.

All single-word instructions are executed in a single
instruction cycle unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.

The double-word instructions execute in two instruction
cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 ps. If a conditional test is
true or the program counter is changed as a result of an
instruction, the instruction execution time is 2 pus.
Two-word branch instructions (if true) would take 3 ps.

Figure 25-1 shows the general formats that the
instructions can have.

All examples use the format ‘nnh’ to represent a hexa-
decimal number, where ‘h’ signifies a hexadecimal
digit.

The Instruction Set Summary, shown in Table 25-2,
lists the instructions recognized by the Microchip
Assembler (MPASM™),

Section 25.1 “Instruction Set” provides a description
of each instruction.

© 2003-2013 Microchip Technology Inc.
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DAW Decimal Adjust W Register DECF Decrement f
Syntax: [label] DAW Syntax: [label] DECF f[,d[,a]l
Operands: None Operands: 0<f<255
Operation: If [W<3:0> >9] or [DC = 1] then del0]]
(W<3:0>) + 6 — W<3:0>; ae[01]
else Operation: (f)—1 — dest
(W<3:0>) - W<3:0>; Status Affected:  C, DC, N, OV, Z
If [W<7:4> >9] or [C = 1] then Encoding: ‘ 0000 | 0lda | fEEE | fEEF ‘
(W<7:4>) + 6 > W<7:4>; Description: Decrement register ‘", If ‘d" is ‘0’
else the result is stored in W. If ‘d’ is ‘1’,
(W<7:4>) - W<7:4>; the result is stored back in register
Status Affected:  C T (default). If ‘a’ is '0’, the Access
. Bank will be selected, overriding
Encoding: ’ 0000 | 0000 | 0000 | 0111 ‘ the BSR value. If ‘a’ = 1, then the
Description: DAW adjusts the eight-bit value in bank will be selected as per the
W, resulting from the earlier BSR value (default).
addition of two variables (each in Words: 1
packed BCD format) and produces
a correct packed BCD result. Cycles: 1
Words: 1 Q Cycle Activity:
Cycles: 1 Q1 Q2 Q3 Q4
. Decode Read Process Write to
Q Cycle Activity: register ‘f’ Data destination
Q1 Q2 Q3 Q4
Decode Read Process Write Example: DECF CNT, 1, 0
register W Data W i
Before Instruction
CNT = 0x01
Examplel: DAW z - 0
Before Instruction After Instruction
CNT = 0x00
w = OxA5 z
c - 0 z = 1
DC = 0
After Instruction
w = 0x05
C = 1
DC = 0
Example 2:
Before Instruction
w = OxCE
Cc = 0
DC = 0
After Instruction
w = 0x34
Cc = 1
DC = 0
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LFSR Load FSR MOVF Move f
Syntax: [label] LFSR fk Syntax: [label] MOVF f[,d[,all
Operands: 0<f<2 Operands: 0<f<255
0 <k <4095 d e [0,1]
Operation: k — FSRf ae[0]]
Status Affected:  None Operation: f— dest
Encoding: 1110 1110 00Ff |k, kkk Status Affected: N, Z
1111 | 0000 | kskkk | kkkk Encoding: | 0101 | 00da ‘ fEEE ‘ fEEE |
Description: The 12-bit literal 'k’ is loaded into Description: The contents of register ‘' are
the file select register pointed to moved to a destination dependent
by ‘. upon the status of ‘d". If ‘d’ is ‘0", the
Words: 2 resultis placed in W. If ‘d" is ‘1", the
Cyeles: 5 result is placed back in register ‘f’
yeles: (default). Location ‘f’ can be any-
Q Cycle Activity: where in the 256-byte bank. If ‘a’ is
Q1 Q2 Q3 Q4 ‘0", the Access Bank will be
Decode | Read literal | Process Write selected, overriding the BSR value.
‘k’ MSB Data literal ‘k’ If ‘a’ = 1, then the bank will be
MSB to selected as per the BSR value
FSRfH (default).
Decode Read literal Process Write literal Words: 1
‘K’ LSB Data ‘K’ to FSRL
Cycles: 1
Example: LFSR 2, Ox3AB Q Cycle Activity:
After Instruction Q1 Q2 Qs Q4
FSR2H =  0x03 Decode Read Process Write W
FSR2L = OxAB register ‘f’ Data
Example: MOVF  REG, 0, O
Before Instruction
REG = 0x22
w = OxFF
After Instruction
REG = 0x22
w = 0x22

© 2003-2013 Microchip Technology Inc.
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TABLE 27-10: PROGRAM MEMORY WRITE TIMING REQUIREMENTS (Vop = 4.2 TO 5.5V)

Pa’\:f;m. Symbol Characteristics Min Typ Max | Units
150 TADV2ALL |Address Out Valid to ALE { (address setup time) 0.25 Tcy - 10 — — ns
151 TALL2ADL |ALE | to Address Out Invalid (address hold time) 5 — — ns
153 TwRH2ADL |WRn T to Data Out Invalid (data hold time) 5 — — ns
154 TwRL WRn Pulse Width 05Tcy-5 |05Tey | — ns
156 TADV2wWRH |Data Valid before WRn T (data setup time) 0.5Tcy - 10 — — ns
157 TesV2wRL |Byte Select Valid before WRn  (byte select setup time) 0.25 Tey — — ns
157A |TwrH28Bsl |WRn T to Byte Select Invalid (byte select hold time) 0.125Tcy -5 — — ns
166 TALH2ALH |ALE T to ALE T (cycle time) — 0.25Tey| — ns
171 TALH2csL |Chip Enable Active to ALE 4 — — 10 ns
171A | TuBL20EH |AD Valid to Chip Enable Active 0.25 Tcy - 20 — — ns

FIGURE 27-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND

POWER-UP TIMER TIMING
VDD /
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o
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=

- 30 >
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14 33— I(d

PWRT ] »?

Time-out ' 32 .
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Time-out

Internal ' :
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Timer : ' .
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Note: Refer to Figure 27-5 for load conditions.
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FIGURE 27-25: A/D CONVERSION TIMING

BSF ADCONO, GO

—| =— (Note2) 131
Q4 ! :

> 130 -

AID CLK <—132—». |,

A/DDATAW s X 7 XX )2 X1 X o ><

ADRES L OLD_DATA X NEW_DATA

ADIF L — Tey

DONE

SAMPLE 4‘ SAMPLING STOPPED li

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the SLEEP instruction to be
executed.

GO

2: This is a minimal RC delay (typically 100 ns) which also disconnects the holding capacitor from the analog input.

TABLE 27-26: A/D CONVERSION REQUIREMENTS

Pa,\zgm. Symbol Characteristic Min Max Units Conditions

130  |Tap A/D Clock Period PIC18FXX8X 1.6 200) us |Tosc based, VREF > 3.0V
PIC18LFXX8X 3.0 200 us |Tosc based, VREF full range
PIC18FXX8X 2.0 6.0 us |A/D RC mode
PIC18LFXX8X 3.0 9.0 us |A/D RC mode

131 TCcNV Conversion Time 11 12 TAD

(not including acquisition time) (Note 1)
132 TACQ Acquisition Time (Note 3) 15 — us |-40°C < Temp < +125°C
10 — pus |0°C < Temp < +125°C

135 Tswc Switching Time from Convert — Sample — (Note 4)

136 TAMP Amplifier Settling Time (Note 2) 1 — us |This may be used if the
“new” input voltage has not
changed by more than 1 LSb
(i.e.,5mV @ 5.12V) from the
last sampled voltage (as
stated on CHOLD).

Note 1: ADRES register may be read on the following Tcy cycle.

2: See Section 19.0 “10-bit Analog-to-Digital Converter (A/D) Module” for minimum conditions when input
voltage has changed more than 1 LSb.

3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale
after the conversion (AVDD to AVSs, or AVss to AVDD). The source impedance (Rs) on the input channels is
50Q.

4: On the next Q4 cycle of the device clock.
5:  The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC*2 logo, rfPIC, SST, SST Logo, SuperFlash
and UNI/O are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

Analog-for-the-Digital Age, Application Maestro, BodyCom,
chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiwWi, MPASM, MPF, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICKkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQI, Serial Quad I/0,
Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

GestIC and ULPP are registered trademarks of Microchip
Technology Germany Il GmbH & Co. & KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.
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Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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