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PIC18F6310/6410/8310/8410

TABLE 1-1: DEVICE FEATURES

Features PIC18F6310 PIC18F6410 PIC18F8310 PIC18F8410
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 8K 16K 8K 16K
Program Memory (Instructions) 4096 8192 4096 8192
Data Memory (Bytes) 768 768 768 768
External Memory Interface No No Yes Yes
Interrupt Sources 22 22 22 22
1/0 Ports Ports A,B,C, D, E, |PortsA,B, C,D, E, |Ports A,B, C,D, E, |Ports A, B, C, D, E,

F, G F, G F,GH,J F,GH,J

Timers 4 4 4 4
Capture/Compare/PWM Modules 3 3 3 3

Serial Communications

MSSP, AUSART
Enhanced USART

MSSP, AUSART
Enhanced USART

MSSP, AUSART
Enhanced USART

MSSP, AUSART
Enhanced USART

Parallel Communications PSP PSP PSP PSP
10-Bit Analog-to-Digital Module 12 Input Channels | 12 Input Channels | 12 Input Channels | 12 Input Channels
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow | Stack Underflow
(PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR (optional), | MCLR (optional),
WDT WDT WDT WDT
Programmable Low-Voltage Detect Yes Yes Yes Yes
Programmable Brown-out Reset Yes Yes Yes Yes

Instruction Set

75 Instructions;
83 with Extended
Instruction Set
enabled

75 Instructions;
83 with Extended
Instruction Set
enabled

75 Instructions;
83 with Extended
Instruction Set
enabled

75 Instructions;
83 with Extended
Instruction Set
enabled

Packages

64-Pin TQFP

64-Pin TQFP

80-Pin TQFP

80-Pin TQFP

© 2010 Microchip Technology Inc.

DS39635C-page 11



PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number °
Pin Name Pin Buffer Description
TQFP Type | Type
PORTF is a bidirectional 1/0O port.
RFO/AN5 18
RFO I/0 ST Digital I/0.
AN5 | Analog Analog Input 5.
RF1/AN6/C20UT 17
RF1 I/0 ST Digital I/0.
ANG | Analog Analog Input 6.
Cc20UT (0] — Comparator 2 output.
RF2/AN7/C10UT 16
RF2 I/0 ST Digital I/0.
AN7 | Analog Analog Input 7.
CcC10UT (0] — Comparator 1 output.
RF3/AN8 15
RF3 I/0 ST Digital I/0.
ANS8 | Analog Analog Input 8.
RF4/AN9 14
RF4 I/0 ST Digital I/0.
AN9 | Analog Analog Input 9.
RF5/AN10/CVREF 13
RF5 I/0 ST Digital I/0.
AN10 | Analog Analog Input 10.
CVREF 0] Analog Comparator reference voltage output.
RF6/AN11 12
RF6 I/0 ST Digital I/0.
AN11 | Analog Analog Input 11.
RF7/SS 11
RF7 I/0 ST Digital I/0.
SS | TTL SPI slave select input.
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 12C = ST with I°C™ or SMB levels

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX; is cleared.
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PIC18F6310/6410/8310/8410

TABLE 3-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
I Typical Capacitor Values
Osc Type le:)r/:;a Tested:
C1 Cc2
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 1 MHz 33 pF 33 pF
4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used:

32 kHz 4 MHz
200 kHz 8 MHz
1 MHz 20 MHz

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the
start-up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

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

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 3-2.
FIGURE 3-2: EXTERNAL CLOCK
INPUT OPERATION
(HS OSCILLATOR
CONFIGURATION)

Clock from ~>O—> 0SC1
Ext. System PIC18FXXXX

(HS Mode)

Open «—— OSC2

3.3 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-3 shows the pin connections for the EC
Oscillator mode.

FIGURE 3-3: EXTERNAL CLOCK

INPUT OPERATION
(EC CONFIGURATION)

Clock from ~>@—> OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4 .«——{ OSC2/CLKO

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional gen-
eral purpose /O pin. The I/O pin becomes bit 6 of
PORTA (RAG). Figure 3-4 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 3-4: EXTERNAL CLOCK
INPUT OPERATION
(ECIO CONFIGURATION)

Clock from ~>@—> OSC1/CLKI
Ext. System PIC18FXXXX

RA6 <—| /O (OSC2)
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PIC18F6310/6410/8310/8410

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS
MCLR Resets
Register Applipable Power-on Reset, WDT Reset. Wake-up via WDT
Devices Brown-out Reset RESET Instruction or Interrupt
Stack Resets

TOSU 6X10 | 8X10 ---0 0000 ---0 0000 ---0 uuuu®
TOSH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu®
TOSL 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu®
STKPTR 6X10 | 8X10 uu-0 0000 00-0 0000 uu-u uuuu®
PCLATU 6X10 | 8X10 ---0 0000 ---0 0000 ---Uu uuuu
PCLATH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
PCL 6X10 | 8X10 0000 0000 0000 0000 PC + 2@
TBLPTRU 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
TBLPTRH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TABLAT 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
PRODH 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON 6X10 | 8X10 0000 000x 0000 000u uuuu uuuu®
INTCON2 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu®
INTCONS3 6X10 | 8X10 1100 0000 1100 0000 uuuu uuuu®
INDFO 6X10 | 8X10 N/A N/A N/A
POSTINCO 6X10 | 8X10 N/A N/A N/A
POSTDECO 6X10 | 8X10 N/A N/A N/A
PREINCO 6X10 | 8X10 N/A N/A N/A
PLUSWO 6X10 | 8X10 N/A N/A N/A
FSROH 6X10 | 8X10 .- - - XXXX ---- uuuu ---- uuuu
FSROL 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
WREG 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 6X10 | 8X10 N/A N/A N/A
POSTINC1 6X10 | 8X10 N/A N/A N/A
POSTDECH1 6X10 | 8X10 N/A N/A N/A
PREINC1 6X10 | 8X10 N/A N/A N/A
PLUSW1 6X10 | 8X10 N/A N/A N/A
FSR1H 6X10 | 8X10 .- - - XXXX ---- uuuu ---- uuuu
FSR1L 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
BSR 6X10 | 8X10 ---- 0000 ---- 0000 ---- uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).
2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

vector (0008h or 0018h).

3:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

4: See Table 5-3 for Reset value for specific condition.

5: Bits, 6 and 7 of PORTA, LATA and TRISA, are enabled depending on the oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.

© 2010 Microchip Technology Inc.
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6.5.3 MAPPING THE ACCESS BANK IN

INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the lower part of Access RAM
(00h to 5Fh) is mapped. Rather than containing just the
contents of the bottom part of Bank 0, this mode maps
the contents from Bank 0 and a user-defined “window”
that can be located anywhere in the data memory
space. The value of FSR2 establishes the lower bound-
ary of the addresses mapped into the window, while the
upper boundary is defined by FSR2 plus 95 (5Fh).
Addresses in the Access RAM above 5Fh are mapped
as previously described (see Section 6.3.2 “Access
Bank”). An example of Access Bank remapping in this
addressing mode is shown in Figure 6-10.

Remapping of the Access Bank applies only to opera-
tions using the Indexed Literal Offset mode. Operations
that use the BSR (Access RAM bit is ‘1’) will continue
to use Direct Addressing as before.

6.6 PIC18 Instruction Execution and
the Extended Instruction Set

Enabling the extended instruction set adds eight addi-
tional commands to the existing PIC18 instruction set.
These instructions are executed as described in
Section 25.2 “Extended Instruction Set”.

REMAPPING THE ACCESS BANK WITH INDEXED LITERAL

FIGURE 6-10:
OFFSET ADDRESSING
Example Situation: 000h
ADDW f, d, a 05Fh___Ba£kO___
FSR2H:FSR2L = 120h o7Fhl _ | }-
Locations in the region Bank 0
from the FSR2 Pointer 100h Bank 1
(120h) to the pointer plus 120hF — — — — -
05Fh (17Fh) are mapped  47gp| _ Window _}
to the bottom of the Bank 1
Access RAM (000h-05Fh). 200h
Locations in Bank O from
060h to 07Fh are mapped,
as usual, to the middle of bl Bank 2 <A
the Access Bank. through
Special Function Registers Bank 14
at F80h through FFFh are
mapped to 80h through
FFh, as usual. FOOh
Bank O addresses below Bank 15
5Fh can still be addressed FsohL — — — — _— |
by using the BSR. SFRs
FFFh
Data Memory

00h
Bank 1 “Window”
_______ 5Fh
Il
80h
SFRs
FFh

Access Bank

DS39635C-page 88
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8.2.3 16-BIT BYTE SELECT MODE

Figure 8-3 shows an example of 16-Bit Byte Select
mode. This mode allows table write operations to
word-wide external memories with byte selection
capability. This generally includes both word-wide
Flash and SRAM devices.

During a TBLWI cycle, the TABLAT data is presented
on the upper and lower byte of the AD<15:0> bus. The
WRH signal is strobed for each write cycle; the WRL
pin is not used. The BAO or UB/LB signals are used to
select the byte to be written, based on the Least
Significant bit of the TBLPTR register.

Flash and SRAM devices use different control signal
combinations to implement Byte Select mode. JEDEC
standard Flash memories require that a controller I/O
port pin be connected to the memory’s BYTE/WORD
pin to provide the select signal. They also use the BAO
signal from the controller as a byte address. JEDEC
standard static RAM memories, on the other hand, use
the UB or LB signals to select the byte.

FIGURE 8-3: 16-BIT BYTE SELECT MODE EXAMPLE
PIC18F8410 Iq D>
AD<7:0> | pi 373 | A0~ pla<x1>  JEDEC Word
I Flash Memory
D<15:0>
D<15:0> |y
2 —_—
AD<15:8> |l > 13802 CE
~N 373 =Py A0
ALE BYTE/WORD OE WR®
A<19:16> >
OE
WRH
WRL AS20:1> p|A<x1>  JEDEC Word
BAO SRAM Memory
110 D<15:0>
L JCE D<15:0> | =)
LB LB
uB UB OE WR®
Address Bus —

Note 1: This signal only applies to table writes. See Section 7.1 “Table Reads and Table Writes”.
2:  Demultiplexing is only required when multiple memory devices are accessed.

Data Bus
Control Lines

© 2010 Microchip Technology Inc.

DS39635C-page 99



PIC18F6310/6410/8310/8410

14.2 Timer2 Interrupt

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

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T20UTPS<3:0> (T2CON<6:3>).

14.3 TMR2 Output

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

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

1:1to 1:16

——— > Set TMR2IF

Postscaler
A

» TMR2 Output

" (to PWM or MSSP)
A TMR2/PR2
Match

FIGURE 14-1: TIMER2 BLOCK DIAGRAM
4
T20UTPS<3:0>
2
T2CKPS<1:0> — 2
111 1-‘: 1:16 Y Roset
Foscl4 ————— 10 % ——  TMR2

)::>| Comparator }<}:| PR2 |

@8

. 5

Internal Data Bus < >
TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on Page
INTCON| GIE/GIEH | PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 63
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 65
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE 65
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 65
TMR2 |Timer2 Register 64
T2CON — T20UTPS3|T20UTPS2| T20UTPS1| T20UTPS0| TMR20ON | T2CKPS1 | T2CKPS0 64
PR2 Timer2 Period Register 64

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.

DS39635C-page 162
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17.3.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from Sleep.

17.3.7 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control enabled
(SSPCON1<3:0> = 04h). The pin must not be driven
low for the SS pin to function as an input. The data latch
must be high. When the SS pin is low, transmission and
reception are enabled and the SDO pin is driven. When
the SS pin goes high, the SDO pin is no longer driven,

FIGURE 17-4:

even if in the middle of a transmitted byte and becomes
a floating output. External pull-up/pull-down resistors
may be desirable, depending on the application.

Note 1: When the SPl s in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the SPI module will reset if the SS pin is
set to VDD.

2: Ifthe SPlis used in Slave mode with CKE
set, then the SS pin control must be
enabled

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

=

—

5

SCK ;
(CKP =0 . L
CKE = 0) ;
SCK Z _
(CKP=1 ;
CKE = 0) . , ' , HO G :
Write to : l X ! :
SSPBUF ' ! ' '

' 1 1 1 1 1 : S 1
SDO : x5 X bit0
s : - ~ OBy
(SMP=0) L obit7 | L obit7 | : :
Input X : : : :
Sample . . T ' T T T  CC T ' T t
(SMP =0) ; ! ! 7 ! :
SSPIF ' : :
Interrupt cC
Flag 77 Next Q4 Cycle
SSPSR to after Q24
SSPBUF g6

© 2010 Microchip Technology Inc.
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18.1.3  AUTO-BAUD RATE DETECT

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

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

In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RX1 signal, the RX1 signal is timing the BRG.
In ABD mode, the internal Baud Rate Generator is
used as a counter to time the bit period of the incoming
serial byte stream.

Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Rate
Detect must receive a byte with the value, 55h (ASCII
“U”, which is also the LIN/J2602 bus Sync character),
in order to calculate the proper bit rate. The measure-
ment is taken over both a low and a high bit time in
order to minimize any effects caused by asymmetry of
the incoming signal. After a Start bit, the SPBRG1
begins counting up, using the preselected clock source
on the first rising edge of RX1. After eight bits on the
RX1 pin or the fifth rising edge, an accumulated value
totalling the proper BRG period is left in the
SPBRGH1:SPBRG1 register pair. Once the 5th edge is
seen (this should correspond to the Stop bit), the
ABDEN bit is automatically cleared.

If a rollover of the BRG occurs (an overflow from FFFFh
to 0000h), the event is trapped by the ABDOVF status bit
(BAUDCON1<7>). Itis set in hardware by BRG rollovers
and can be set or cleared by the user in software. ABD
mode remains active after rollover events and the
ABDEN bit remains set (Figure 18-2).

While calibrating the baud rate period, the BRG
registers are clocked at 1/8th the preconfigured clock
rate. Note that the BRG clock can be configured by the
BRG16 and BRGH bits. The BRG16 bit must be set to
use both SPBRG1 and SPBRGH1 as a 16-bit counter.
This allows the user to verify that no carry occurred for
8-bit modes by checking for 00h in the SPBRGH1
register. Refer to Table 18-4 for counter clock rates to
the BRG.

While the ABD sequence takes place, the EUSART
state machine is held in Idle. The RC1IF interrupt is set
once the fifth rising edge on RX1 is detected. The value
in the RCREG1 needs to be read to clear the RC1IF
interrupt. The contents of RCREG1 should be
discarded.

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

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

3: To maximize baud rate range, it is recom-
mended to set the BRG16 bit if the

auto-baud feature is used.

TABLE 18-4: BRG COUNTER CLOCK

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

18.1.3.1 ABD and EUSART Transmission

Since the BRG clock is reversed during ABD acquisi-
tion, the EUSART transmitter cannot be used during
ABD. This means that whenever the ABDEN bit is set,
TXREG1 cannot be written to. Users should also
ensure that ABDEN does not become set during a
transmit sequence. Failing to do this may result in
unpredictable EUSART operation.

DS39635C-page 224

© 2010 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

TABLE 18-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 63
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 65
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE 65
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 65
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 65
TXREG1 EUSART1 Transmit Register 65
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 65
BAUDCON1 | ABDOVF | RCIDL RXDTP | TXCKP BRG16 — WUE ABDEN 66
SPBRGH1 |EUSART1 Baud Rate Generator Register High Byte 66
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte 65
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.

DS39635C-page 228

© 2010 Microchip Technology Inc.




PIC18F6310/6410/8310/8410

18.2.4 AUTO-WAKE-UP ON SYNC BREAK
CHARACTER

During Sleep mode, all clocks to the EUSART 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 RX1/DT1 line while
the EUSART 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 RX1/DT1 is disabled and the EUSART
remains in an ldle state, monitoring for a wake-up event
independent of the CPU mode. A wake-up event
consists of a high-to-low transition on the RX1/DT1
line. (This coincides with the start of a Sync Break or a
Wake-up Signal character for the LIN/J2602 protocol.)

Following a wake-up event, the module generates an
RCH1IF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 18-8) and asynchronously, if the device is in
Sleep mode (Figure 18-9). The interrupt condition is
cleared by reading the RCREG1 register.

The WUE bit is automatically cleared once a
low-to-high transition is observed on the RX1 line fol-
lowing the wake-up event. At this point, the EUSART
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 RX1/DT1, information with any state
changes before the Stop bit may signal a false
End-of-Character (EOC) and cause data or framing
errors. Therefore, to work properly, the initial character in
the transmission must be all ‘0’s. This can be 00h (8 bits)
for standard RS-232 devices, or 000h (12 bits) for the
LIN/J2602 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 suffi-
cient length and be followed by a sufficient interval to
allow enough time for the selected oscillator to start
and provide proper initialization of the EUSART.

18.2.4.2  Special Considerations Using
the WUE Bit

The timing of WUE and RC1IF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the
EUSART in an Idle mode. The wake-up event causes
a receive interrupt by setting the RC1IF bit. The WUE
bit is cleared after this when a rising edge is seen on
RX1/DT1. The interrupt condition is then cleared by
reading the RCREGH1 register. Ordinarily, the data in
RCREG1 will be dummy data and should be discarded.

The fact that the WUE bit has been cleared (or is still
set) and the RC1IF flag is set should not be used as an
indicator of the integrity of the data in RCREG1. 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.

DS39635C-page 232

© 2010 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

FIGURE 19-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG2 Il {§
BRG Output Word 1
utpu !
(Shift Clock) — e l l I g a— | | | —
X2 (pin) N Startbit < B0 X bt X §$ X BB oot |
TX2IF bit Do Word 1 - :
(Transmit Buffer ' <«1Tcy cC !
Reg. Empty Flag) |_| JJ
. Word 1 —»
TRMT bit L
(Transmit Shift Transmit Shift Reg
Reg. Empty Flag) —| cc
p)
FIGURE 19-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG2 i i cc
Word 1 Word 2 J)
BRG Output . '
(Shift Clock) —  L— L ' ' = ! /
TX2 (pin) . Startbit < bit0 X bit1 _X_ (¢ bit7/8 Stopbit  \Startbit < bito
TX2IF bit 1 T0Y = = | . Word 1 : Word 2
(Interrupt Reg. Flag) L L cC
T - < 1Tcv JJ
Word 1 —— Word 2 .
TRMT bit Transmit Shift Reg. T
(Transmit Shift Transmit Shift Reg.
Reg. Empty Flag) )()(

Note: This timing diagram shows two consecutive transmissions.

TABLE 19-4: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 63
PIR3 — — RC2IF TX2IF — — — CCP3IF 65
PIE3 — — RC2IE TX2IE — — — CCP3IE 65
IPR3 — — RC2IP TX2IP — — — CCP3IP 65
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 66
TXREG2 AUSART2 Transmit Register 66
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 66
SPBRG2 AUSART2 Baud Rate Generator Register 66
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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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
. AVAVAY. p Comparator
Input
ILEAKAGE
VT =0.6V +100 nA
= vss
Legend: CPIN Input Capacitance

VT = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to various junctions

Ric = Interconnect Resistance

Rs = Source Impedance

VA = Analog Voltage
TABLE 21-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

CMCON c20uUT C10UT C2INV C1INV CIS CM2 CM1 CMO 65
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 65
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 63
PIR2 OSCFIF CMIF — — BCLIF HLVDIF | TMR3IF | CCP2IF 65
PIE2 OCSFIE CMIE — — BCLIE | HLVDIE | TMR3IE | CCP2IE 65
IPR2 OSCFIP CMIP — — BCLIP | HLVDIP | TMR3IP | CCP2IP 65
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO 66
LATF LATF Output Latch Register 66
TRISF PORTF Data Direction Register 66
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.
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24.0 SPECIAL FEATURES OF THE
CPU

PIC18F6310/6410/8310/8410 devices include several
features intended to maximize reliability and minimize
cost through elimination of external components.
These are:
» Oscillator Selection
* Resets:
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
* Interrupts
» Watchdog Timer (WDT)
+ Fail-Safe Clock Monitor
» Two-Speed Start-up
» Code Protection
* |ID Locations
* In-Circuit Serial Programming (ICSP)
The oscillator can be configured for the application
depending on frequency, power, accuracy and cost. All

of the options are discussed in detail in Section 3.0
“Oscillator Configurations”.

A complete discussion of device Resets and interrupts
is available in previous sections of this data sheet.

In addition to their Power-up and Oscillator Start-up Tim-
ers provided for Resets, PIC18F6310/6410/8310/8410
devices have a Watchdog Timer, which is either
permanently enabled via the Configuration bits, or
software controlled (if configured as disabled).

The inclusion of an internal RC oscillator also provides
the additional benefits of a Fail-Safe Clock Monitor
(FSCM) and Two-Speed Start-up. FSCM provides for
background monitoring of the peripheral clock and
automatic switchover in the event of its failure.
Two-Speed Start-up enables code to be executed
almost immediately on start-up, while the primary clock
source completes its start-up delays.

All of these features are enabled and configured by
setting the appropriate Configuration register bits.

24.1 Configuration Bits

The Configuration bits can be programmed (read as
‘0’) or left unprogrammed (read as ‘1’), to select various
device configurations. These bits are mapped, starting
at program memory location, 300000h.

The user will note that address, 300000h, is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h-3FFFFFh),
which can only be accessed using table reads.

TABLE 24-1: CONFIGURATION BITS AND DEVICE IDs
Default/
File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed
Value

300001h |CONFIG1H IESO | FCMEN — — FOSC3 | FOSC2 | FOSC1 | FOSCO | 00-- 0111
300002h |CONFIG2L — — — BORV1 | BORVO | BOREN1 | BORENO |PWRTEN| ---1 1111
300003h |CONFIG2H — — — | WDTPS3 |WDTPS2 | WDTPS1 | WDTPSO | WDTEN | ---1 1111
300004h |CONFIG3L WAIT BW — — — — PM1 PMO 11-- --11
300005h |CONFIG3H | MCLRE — — — — |LPT10SC — CCP2MX | 1--- -0-1
300006h |CONFIGAL | DEBUG | XINST — — — — — STVREN | 10-- --- 1
300008h |CONFIG5L — — — — = = — CP | ---- --- 1
30000Ch |CONFIG7L®D| — = = = = = = EBTR | ---- --- 1
3FFFFEh |DEVID1 DEV2 | DEV1 | DEVO REV4 REV3 REV2 REV1 REV0 11gx xxxx@
3FFFFFh |DEVID2 DEV10 | DEV9 | DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 0000 qqlq®
Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on individual device.

Shaded cells are unimplemented, read as ‘0.
Note 1:

Unimplemented in PIC18F6310/6410 devices; maintain this bit set.

2. See Register 24-9 for DEVID1 values. DEVID registers are read-only and cannot be programmed by the user.
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BRA Unconditional Branch BSF Bit Set f
Syntax: BRA n Syntax: BSF f, b{,a}
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC) +2 +2n — PC 0<bz<7
ae[0,1]
Status Affected: N
atus Aflecte one Operation: 1 — f<b>
Encoding: ‘ 1101 | Oonnn ‘ nnnn | nnnn ‘
Status Affected: None
Description: Add the 2's complement number 2n’ to .
the PC. Since the PC will have Encoding: | 1000 [ bbba [ frff | frff |
incremented to fetch the next Description: Bit ‘b’ in register ‘f’ is set.
instruction, the new address will be If ‘@’ is ‘0", the Access Bank is selected.
PC + 2 + 2n. This instruction is a If ‘a’is '1’, the BSR is used to select the
two-cycle instruction. GPR bank.
Words: 1 If ‘aj is ‘0’ and thg e?(tendeq instruction
set is enabled, this instruction operates
Cycles: 2 in Indexed Literal Offset Addressing
Q Cycle Activity: mode whenever f < 95 (5Fh). See
Section 25.2.3 for details.
Q1 Q2 Q3 Q4
Decode Read literal Process Write to Words: 1
‘n’ Data PC Cycles: 1
No No No No Q Cycle Activity:
operation operation operation operation Q1 Q2 Q3 Q4
Decode Read Process Write
Example: HERE BRA Junp register ‘f’ Data register ‘f’
Before Instruction
PC = address (HERE) Example: BSF FLAG REG 7, 1
After Instruction Before Instruction
PC = address (Junp) FLAG_.REG = 0Ah
After Instruction
FLAG_REG = 8Ah
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: CLRF f{a} Syntax: CLRWDT
Operands: 0<f<255 Operands: None
ae[01] Operation: 000h —> WDT,
Operation: 000h — f, 000h —» WDT postscaler,
12 1-T0O,
Status Affected: 4 1__>ED
Encoding: [ o110 [ 1o1a [ frer [ rifr | Status Affected:  TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
register. Description: CLRWDT instruction resets the
If ‘a’ is ‘0, the Access Bank is selected. Watchdog Timer. It also resets the post-
If ‘@’ is ‘1’, the BSR is used to select the ﬁler of the WDT. Status bits, TO and
GPR bank. PD, are set.
If ‘aj is ‘0’ and thg e.xtendeq instruction Words: 1
set is enabled, this instruction operates
in Indexed Literal Offset Addressing Cycles: 1
mode_,- whenever f < 95 (5Fh). See Q Cycle Activity:
Section 25.2.3 for details. Q1 Q2 Q3 Q4
Words: 1 Decode No Process No
Cycles: 1 operation Data operation
Q Cycle Activity:
Decode Read Process Write Before Instruction
register ‘f’ Data register ‘f’ WDT Counter = ?
After Instruction
) WDT Counter = 00h
Example: CLRF FLAG_REG 1 WDT Postscaler = 0
Before Instruction TO = 1
FLAG_REG = 5Ah PD 1
After Instruction
FLAG_REG = 00h
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LFSR Load FSR
Syntax: LFSR f k
Operands: 0<f<2
0 <k <4095
Operation: k — FSRf
Status Affected: None
Encoding: 1110 1110 00ff | kyikkk
1111 0000 | kskkk kkkk
Description: The 12-bit literal 'k’ is loaded into the
file select register pointed to by ‘f’.
Words: 2
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write
‘k MSB Data literal 'k’
MSB to
FSRfH
Decode Read literal Process Write literal
‘k LSB Data ‘K’ to FSRfL
Example: LFSR 2, 3ABh
After Instruction
FSR2H = 03h
FSR2L = ABh

MOVF Move f
Syntax: MOVF f{d{a}}
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: f — dest
Status Affected: N, Z
Encoding: ‘ 0101 | 00da ‘ fFEff | fEff ‘
Description: The contents of register ‘' are moved to
a destination dependent upon the
status of ‘d’. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘f'. Location ‘f’
can be anywhere in the 256-byte bank.
If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 25.2.3 for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write W
register ‘f Data
Example: MOVF REG 0, O
Before Instruction
REG = 22h
w = FFh
After Instruction
REG =  22h
w =  22h
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SUBFSR Subtract Literal from FSR
Syntax: SUBFSRf, k
Operands: 0<k<63
fe[0,1,2]
Operation: FSRf - k —» FSRf
Status Affected: None
Encoding: |1110 [1001 [ffkk |[kkkk |
Description: The 6-bit literal ‘’k’ is subtracted from
the contents of the FSR specified by
‘f.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example: SUBFSR 2, 23h

Before Instruction

FSR2 =

After Instruction

FSR2 =

03FFh

03DCh

Subtract Literal from FSR2

SUBULNK and Return
Syntax: SUBULNK k
Operands: 0<k<63
Operation: FSR2 -k - FSR2
(TOS) »> PC
Status Affected: None
Encoding: [1110 [1001 [11kk |kkkk |
Description: The 6-bit literal 'k’ is subtracted from
the contents of the FSR2. A RETURN
is then executed by loading the PC
with the TOS.
The instruction takes two cycles to
execute; a NOP is performed during
the second cycle.
This may be though of as a special
case of the SUBFSR instruction,
where f = 3 (binary ‘11’); it operates
only on FSR2.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
No No No No
Operation Operation Operation Operation
Example: SUBULNK 23h
Before Instruction
FSR2 = 03FFh
PC = 0100h
After Instruction
FSR2 = 03DCh
PC = (TOS)
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64-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

S s
| E1° _
& E
% [ SILK SCREEN %

f:ﬂHﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂwﬂ[F———

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing Cc2 11.40
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 1.50
Distance Between Pads G 0.20

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

Microchip Technology Drawing No. C04-2085A
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