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They are called "embedded" because they are embedded
within electronic devices to control various functions,
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PIC18CXX8

Pin Diagrams (Cont.'d)
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PIC18CXX8

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS
MCLR Reset
. Applicable Power-on Reset, WDT Reset Wake-up via WDT
Register . .
Devices Brown-out Reset RESET Instruction or Interrupt
Stack Resets
TOSU 658 858 ---0 0000 ---0 0000 ---0 uuuu‘®
TOSH 658 858 0000 0000 0000 0000 wuuu  uuuu )
TOSL 658 858 0000 0000 0000 0000 uuuu  uuuu )
STKPTR 658 858 00-0 0000 00-0 0000 uu-u  uuuu '
PCLATU 658 858 ---0 0000 ---0 0000 ---u uuuu
PCLATH 658 858 0000 0000 0000 0000 uuuu  uuuu
PCL 658 858 0000 0000 0000 0000 pC + 22
TBLPTRU 658 858 --00 0000 --00 0000 --uu uuuu
TBLPTRH 658 858 0000 0000 0000 0000 uuuu  uuuu
TBLPTRL 658 858 0000 0000 0000 0000 uuuu  uuuu
TABLAT 658 858 0000 0000 0000 0000 uuuu  uuuu
PRODH 658 858 XXXX XXXX uuuu uuuu uuuu  uuuu
PRODL 658 858 XXXX XXXX uuuu uuuu uuuu  uuuu
INTCON 658 858 0000 000x 0000 000u wuuu  uuuu ‘Y
INTCON2 658 858 1111 1111 1111 1111 uuuu  uuuu M
INTCON3 658 858 1100 0000 1100 0000 uuuu  uuuu ‘Y
INDFO 658 858 N/A N/A N/A
POSTINCO 658 858 N/A N/A N/A
POSTDECO 658 858 N/A N/A N/A
PREINCO 658 858 N/A N/A N/A
PLUSWO 658 858 N/A N/A N/A
FSROH 658 858 ---- 0000 ---- 0000 ---- uuuu
FSROL 658 858 XXXX XXXX uuuu uuuu uuuu  uuuu
WREG 658 858 XXXX XXXX uuuu uuuu uuuu  uuuu
INDF1 658 858 N/A N/A N/A
POSTINC1 658 858 N/A N/A N/A
POSTDEC1 658 858 N/A N/A N/A
PREINC1 658 858 N/A N/A N/A
PLUSW1 658 858 N/A N/A N/A
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as’0’, g = value depends on condition

Note 1: One or more bits in the INTCONXx or PIRXx 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 3-2 for RESET value for specific condition.

5: Bit 6 of PORTA, LATA, and TRISA are enabled in ECIO and RCIO oscillator modes only. In all other
oscillator modes, they are disabled and read '0'.

@

The long write enable is only reset on a POR or MCLR.
7: Available on PIC18C858 only.
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PIC18CXX8

Value on Value on
Filename Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS®)
LATI® Read PORTJ Data Latch, Write PORTJ Data Latch XXXX XXXX | uuuu uuuu
LATH®) Read PORTH Data Latch, Write PORTH Data Latch XXXX XXXX | uuuu uuuu
LATG — ‘ — ’ — Read PORTG Data Latch, Write PORTG Data Latch ---X XXXX | ---Uu uuuu
LATF Read PORTF Data Latch, Write PORTF Data Latch XXXX XXXX | uuuu uuuu
LATE Read PORTE Data Latch, Write PORTE Data Latch XXXX XXXX | uuuu uuuu
LATD Read PORTD Data Latch, Write PORTD Data Latch XXXX XXXX | uuuu uuuu
LATC Read PORTC Data Latch, Write PORTC Data Latch XXXX XXXX | uuuu uuuu
LATB Read PORTB Data Latch, Write PORTB Data Latch XXXX XXXX | uuuu uuuu
LATA — ‘ Bit 6() ‘ Read PORTA Data Latch, Write PORTA Data Latch --XX XXXX | --Uu uuuu
PORTJ® | Read PORTJ pins, Write PORTJ Data Latch XXXX XXXX | Uuuu uuuu
PORTH® | Read PORTH pins, Write PORTH Data Latch XXXX XXKXX | Uuuu uuuu
PORTG = l — ’ — Read PORTG pins, Write PORTG Data Latch ---X XXXX | uuuu uuuu
PORTF Read PORTF pins, Write PORTF Data Latch 0000 0000 [ 0000 0000
PORTE Read PORTE pins, Write PORTE Data Latch XXXX XXXX | uuuu uuuu
PORTD Read PORTD pins, Write PORTD Data Latch XXXX XXXX | uuuu uuuu
PORTC Read PORTC pins, Write PORTC Data Latch XXXX XXXX [ uuuu uuuu
PORTB Read PORTB pins, Write PORTB Data Latch XXXX XXXX | uuuu uuuu
PORTA — ‘ Bit 6(1) ’ Read PORTA pins, Write PORTA Data Latch --0x 0000 | --0u 0000
TRISK®) Data Direction Control Register for PORTK 1111 1111 | 1111 1111
LATK® Read PORTK Data Latch, Write PORTK Data Latch XXXX XXXX | uuuu uuuu
PORTK® | Read PORTK pins, Write PORTK Data Latch XXXX XXXX | Uuuu uuuu
TXERRCNT TEC7 TEC6 TEC5 TEC4 TEC3 TEC2 TEC1 TECO 0000 0000 | 0000 0000
RXERRCNT REC7 REC6 RECS5 REC4 REC3 REC2 REC1 RECO 0000 0000 | 0000 0000
COMSTAT RXBOOVFL | RXB1OVFL TXBO TXBP RXBP TXWARN RXWARN EWARN 0000 0000 | 0000 0000
CIOCON TX1SRC TX1EN ENDRHI CANCAP _ _ _ _ 1000 ———- | 1000 —---
BRGCON3 — WAKFIL — — — SEG2PH2 SEG2PH1 | SEG2PHO | _g_- _goo0 | -0-- -000
BRGCON2 SEG2PHTS SAM SEG1PH2 SEG1PH1 | SEG1PHO PRSEG2 PRSEG1 PRSEGO | 0000 0000 | 0000 0000
BRGCON1 SJw1 SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO 0000 0000 | 0000 0000
CANCON REQOP2 REQOP1 REQOPO ABAT WIN2 WIN1 WINO — XXXX XXX- | uuuu uuu-
CANSTAT OPMODE2 | OPMODE1 OPMODEO — ICODE2 ICODE1 ICOEDO — XXX- XXX- | uuu- uuu-

Legend:  x =unknown, u = unchanged, - = unimplemented, g = value depends on condition
Note 1: Bit6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO oscillator modes only. In all other oscillator modes, they are disabled and read ‘0’
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: Other (non-power-up) RESETs include external RESET through MCLR and Watchdog Timer Reset.
4: These registers are reserved on PIC18C658.
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REGISTER 7-7: IPR REGISTERS

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMRL1IP
bit 7 bit 0
U-0 R/W-1 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1
IPR2 — CMIP — — BCLIP LVDIP | TMR3IP | CCP2IP
bit 7 bit 0
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
IPR3 IVRP WAKIP ERRIP TXB2IP TXB1IP | TXBOIP | RXB1IP | RXBOIP
bit 7 bit 0
IPR1 bit 7 PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 RCIP: USART Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TXIP: USART 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 CCP1IP: CCP1 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 TMRL1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
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TABLE 8-5: PORTC FUNCTIONS
Name Bit# | Buffer Type Function

RCO/T10SO/T13CKI bit0 ST Input/output port pin or Timerl oscillator output or Timerl/Timer3 clock
input.

RC1/T10sSI bit1 ST Input/output port pin or Timerl oscillator input.

RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/PWM1
output.

RC3/SCK/SCL bit3 ST Input/output port pin or Synchronous Serial clock for SPI/I%C.

RC4/SDI/SDA bit4 ST Input/output port pin or SPI Data in (SPI mode) or Data I/O
(I°C mode).

RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output.

RC6/TX/CK bit6 ST Input/output port pin Addressable USART Asynchronous Transmit or
Addressable USART Synchronous Clock.

RC7/RX/DT bit7 ST Input/output port pin Addressable USART Asynchronous Receive or
Addressable USART Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 8-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Value on | Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx XXxXX | uuuu uuuu
LATC LATC Data Output Register XXXX XXXX | uuuu uuuu
TRISC PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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10.0 TIMERO MODULE

The Timer0 module has the following features:

* Software selectable as an 8-bit or 16-bit
timer/counter

* Readable and writable

« Dedicated 8-bit software programmable prescaler

» Clock source selectable to be external or internal

* Interrupt on overflow from FFh to 00h in 8-bit
mode and FFFFh to 0000h in 16-bit mode

« Edge select for external clock

REGISTER 10-1: TOCON REGISTER

Register 10-1 shows the TimerO Control register
(TOCON).

Figure 10-1 shows a simplified block diagram of the
Timer0 module in 8-bit mode and Figure 10-1 shows a
simplified block diagram of the Timer0 module in 16-bit
mode.

The TOCON register is a readable and writable register
that controls all the aspects of TimerO, including the
prescale selection.

Note:  TimerO is enabled on POR.

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMROON TO8BIT TOCS TOSE PSA TOPS2 | TOPS1 TOPSO
bit 7 bit 0

bit 7 TMROON: Timer0 On/Off Control bit

1 = Enables Timer0
0 = Stops Timer0

bit 6 TO8BIT: Timer0 8-bit/16-bit Control bit

1 = TimerO is configured as an 8-bit timer/counter
0 = Timer0 is configured as a 16-bit timer/counter

bit 5 TOCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: Timer0O Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

bit 3 PSA: TimerO Prescaler Assignment bit

1 = TImerO prescaler is NOT assigned. TimerO0 clock input bypasses prescaler.
0 = TimerO0 prescaler is assigned. Timer0 clock input comes from prescaler output.

bit2-0 TOPS2:TOPSO: Timer0 Prescaler Select bits

111 = 1:256 prescale value
110 = 1:128 prescale value
101 = 1:64 prescale value
100 = 1:32 prescale value
011 =1:16 prescale value
010 =1:8 prescale value
001 =1:4 prescale value
000 =1:2 prescale value

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

© 2000 Microchip Technology Inc.
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14.1 CCP1 Module

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

14.2 CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

TABLE 14-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timerl or Timer3
Compare Timerl or Timer3
PWM Timer2

14.3 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 or TMR3 registers when an
event occurs on pin RC2/CCP1. An event is defined as:
« every falling edge

 every rising edge

« every 4th rising edge

« every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR registers) is set. It
must be cleared in software. If another capture occurs

before the value in register CCPR1 is read, the old cap-
tured value will be lost.

14.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCPL1 is configured as an out-
put, a write to the port can cause a capture
condition.

14.3.2 TIMER1/TIMER3 MODE SELECTION

The timers used with the capture feature (either Timerl
and/or Timer3) must be running in Timer mode or Syn-
chronized Counter mode. In Asynchronous Counter
mode, the capture operation may not work. The timer
used with each CCP module is selected in the T3CON
register.

TABLE 14-2: INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capture Capture

TMR1 or TMR3 time-base. Time-base can be different for each CCP.

Capture Compare

The compare could be configured for the special event trigger, which clears either TMR1
or TMR3, depending upon which time-base is used.

Compare Compare

The compare(s) could be configured for the special event trigger, which clears TMR1 or
TMR3 depending upon which time-base is used.

PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt).
PWM Capture None
PWM Compare None
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16.3 USART Synchronous Master Mode

In Synchronous Master 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 register).
In addition, enable bit SPEN (RCSTA register) is set, in
order to configure the RC6/TX/CK and RC7/RX/DT I/O
pins to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA register).

16.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 16-1. 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). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG is empty and interrupt
bit TXIF (PIR registers) is set. The interrupt can be

enabled/disabled by setting/clearing enable bit TXIE
(PIE registers). 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 register) shows the status 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
has to poll this bit in order to determine if the TSR reg-
ister is empty. The TSR is not mapped in data memory,
so it is not available to the user.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 16.1).

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. Start transmission by loading data to the
TXREG register.

ook ow

TABLE 16-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other

BOR RESETS

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
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 | 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN —_ FERR OERR RX9D 0000 -00x | 0000 -00x
TXREG | USART Transmit Register 0000 0000 | 0000 0000
TXSTA CSRC TX9 TXEN | SYNC | ADDEN | BRGH | TRMT | Tx9D [ 0000 0010 | 0000 0010
SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0". Shaded cells are not used for Synchronous Master Transmission.

© 2000 Microchip Technology Inc.
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NOTES:
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17.2.5 CAN BAUD RATE REGISTERS

This subsection describes the CAN Baud Rate
registers.

REGISTER 17-29: BRGCON1 - BAUD RATE CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
| SJW1 SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
bit 7 bit 0
bit 7-6 SJW1:SIWO0: Synchronized Jump Width bits

11 = Synchronization Jump Width Time =4 x TQ
10 = Synchronization Jump Width Time =3 x TQ
01 = Synchronization Jump Width Time =2 x TQ
00 = Synchronization Jump Width Time =1 x TQ

bit 5-0 BRP5:BRPO: Baud Rate Prescaler bits

111111 =TQ = (2 x 64)/Fosc
111110 =TQ = (2 x 63)/Fosc

000001 =TQ = (2 x 2)/Fosc
000000 =TQ = (2 x 1)/Fosc

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

Note:  This register is only accessible in Configuration mode.
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17.9 Programming Time Segments

Some requirements for programming of the time
segments:

« Prop Seg + Phase Seg 1 > Phase Seg 2
* Phase Seg 2 > Sync Jump Width

For example, assuming that a 125 kHz CAN baud rate
with Fosc = 20 MHz is desired:

Tosc = 50nsec, choose BRP<5:0> = 04h, then
TQ = 500nsec. To obtain 125 kHz, the bit time must be
16 To.

Sync Seg = 1 TQ; Prop Seg = 2 TQ; So, setting Phase
Seg 1 =7 TQ would place the sample at 10 TQ after the
transition. This would leave 6 TQ for Phase Seg 2.

Since Phase Seg 2 is 6, by the rules, SJW could be the
maximum of 4 TQ. However, normally a large SIJW is
only necessary when the clock generation of the differ-
ent nodes is inaccurate or unstable, such as using
ceramic resonators. So an SJW of 1 is typically
enough.

17.10 Oscillator Tolerance

The bit timing requirements allow ceramic resonators
to be used in applications with transmission rates of up
to 125 kbit/sec, as a rule of thumb. For the full bus
speed range of the CAN protocol, a quartz oscillator is
required. A maximum node-to-node oscillator variation
of 1.7% is allowed.

17.11 Bit Timing Confiquration Reqisters

The configuration registers (BRGCON1, BRGCON2,
BRGCONR) control the bit timing for the CAN bus inter-
face. These registers can only be modified when the
PIC18CXX8 is in Configuration mode.

17.11.1 BRGCON1

The BRP bits control the baud rate prescaler. The
SJIW<1:0> bits select the synchronization jump width in
terms of number of TQ’s.

17.11.2 BRGCON2

The PRSEG bits set the length, in TQ'’s, of the propaga-
tion segment. The SEG1PH bits set the length, in TQ's,
of phase segment 1. The SAM bit controls how many
times the RXCAN pin is sampled. Setting this bitto a ‘1’
causes the bus to be sampled three times; twice at
TQ/2 before the sample point, and once at the normal
sample point (which is at the end of phase segment 1).
The value of the bus is determined to be the value read
during at least two of the samples. If the SAM bit is set
to a ‘0", then the RXCAN pin is sampled only once at
the sample point. The SEG2PHTS bit controls how the
length of phase segment 2 is determined. If this bit is
setto a‘l’, then the length of phase segment 2 is deter-
mined by the SEG2PH bits of BRGCON3. If the
SEG2PHTS bit is set to a ‘0, then the length of phase
segment 2 is the greater of phase segment 1 and the
information processing time (which is fixed at 2 TQ for
the PIC18CXX8).

17.11.3 BRGCON3

The PHSEG2<2:0> bits set the length, in TQ's, of
phase segment 2, if the SEG2PHTS bitis settoa ‘1. If
the SEG2PHTS bhit is set to a ‘0, then the
PHSEG2<2:0> bits have no effect.
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REGISTER 18-3: ADCON2 REGISTER

R/W-0 u-0 uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
ADFM — — — — ADCS2 ADCS1 ADCSO0
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified

bit 6-3 Unimplemented: Read as '0'

bit 2-0 ADCS1:ADCSO0: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32

011 = FRrRc (clock derived from an RC oscillator = 1 MHz max)
100 = Fosc/4

101 = Fosc/16

110 = Fosc/64

111 = FRrRc (clock derived from an RC oscillator = 1 MHz max)

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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22.3.2 WAKE-UP USING INTERRUPTS

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

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

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

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

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

FIGURE 22-2: WAKE-UP FROM SLEEP THROUGH INTERRUPT(-2)

Q1] @2l @3l 4, Qil @2l @3l @4, il

. 1l Q2 @3l @4, @1l Q21 @3lQ4; 1l @2l @314, Q1l Q2| @3l q4,

Note 1:

If GIE is cleared, execution will continue in-line.

OSC. . ./ \—ﬂﬂmﬂ/f 2I\_/\_/—\_/—\ﬁl . . /‘\./‘L

clkout® )\ /s \ T\  Tost® | / \ / N/ N/ ‘

1 1 1 ' 1 1 1 1 I

INT pin 1 | | ' ! | ! | ]

| 1 1 \ T ' I | 1 1

INTIF bit /i ! \ Interrupt Latency®) ! !

GIEH bit , : : ' . : : : :

' ] ' Processor in | ' ] \ ' ' '

\ \ ,  SLEEP ! ! \ \ \ \

INSTRUCTION FLOW ! ! ' ' ' ' ' '

pc X PC ¥ Pc+2 X PC+4 X PC+4 X PC+4 X 0008h X 000Ah .
Instruction !

fetched ‘Jl: Inst(PC) = SLEEP | Inst(PC+2) ! ! InstPC+4) ! ' Inst(0008h) ! Inst(O00AR)

instruction © nsPC-1) 1 SLEEP . © Ins(PC+2) . Dummycycle . Dummycycle + nst(oo08h)

XT, HS or LP oscillator mode assumed.

2: GIE set is assumed. In this case, after wake- up, the processor jumps to the interrupt routine.

3:  TosT = 1024Tosc (drawing not to scale). This delay will not occur for RC and EC osc modes.
4: CLKOUT is not available in these oscillator modes, but shown here for timing reference.
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24.8 MPLAB ICD In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC16F877 and can be used to
develop this and other PICmicro microcontrollers from
the PIC16CXXX family. The MPLAB ICD utilizes the in-
circuit debugging capability built into the PIC16F87X.
This feature, along with Microchip’s In-Circuit Serial
Programming™ protocol, offers cost effective in-circuit
FLASH programming and debugging from the graphical
user interface of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by watching variables, single-step-
ping and setting break points. Running at full speed
enables testing hardware in real-time. The MPLAB ICD
is also a programmer for the FLASH PIC16F87X family.

24.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a full
featured programmer, capable of operating in stand-
alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VDD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for
maximum reliability. It has an LCD display for instruc-
tions and error messages, keys to enter commands
and a modular detachable socket assembly to support
various package types. In stand-alone mode, the PRO
MATE Il device programmer can read, verify, or pro-
gram PICmicro devices. It can also set code-protect
bits in this mode.

24.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via one of the COM (RS-232) ports.
MPLAB Integrated Development Environment software
makes using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PICmicro devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

24.11 PICDEM 1 Low Cost PICmicro
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

24.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
Serial EEPROM to demonstrate usage of the I2C™ bus
and separate headers for connection to an LCD
module and a keypad.
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25.3.2 TIMING CONDITIONS

The temperature and voltages specified in Table 25-3
apply to all timing specifications, unless otherwise
noted. Figure 25-4 specifies the load conditions for the

timing specifications.

TABLE 25-3: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA< +85°C forindustrial
-40°C < Ta< +125°C for extended
Operating voltage VDD range as described in DC spec Section 25.1.
LC parts operate for industrial temperatures only.

FIGURE 25-4: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1 Load condition 2

VDD/2

RL P|n T CL
Vss
- —_— CL

Pin RL = 464Q

Vss CL = 50pF forall pins except OSC2/CLKO

and including D and E outputs as ports
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FIGURE 25-16: I°C BUS START/STOP BITS TIMING

SCL

/

i/ f

' )) '

— ;Y;

START STOP
Condition Condition

Note: Refer to Figure 25-4 for load conditions.

TABLE 25-15: 1°C BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)

Parm. Symbol Characteristic (&\N Max | Units Conditions
No. @

90 Tsu:sTA | START condition 100 kHz madd S 4700 — ns | Only relevant for Repeated
Setup time 400 kiig\made V| 600 — START condition

91 THD:STA | START condition 1@‘@@(}@1\6% 4000 — ns | After this period, the first
Hold time NQQ¥Hz mode 600 — clock pulse is generated

92 Tsu:sTo |STOP conditi@@ A00 kHz mode | 4700 | — ns
Setupﬂq@\ 400 kHz mode 600 —

93 THD:sTO | STO dion 100 kHz mode 4000 — ns
Hold tirrie 400 kHz mode 600 —
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FIGURE 25-20: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RC7/RX/DT

pin

ROGMXICK 2 N

- e 121 e 121

pin

%

—» 1 120 | =—

Note: Refer to Figure 25-4 for load conditions.

— X

b

122 -

-—

TABLE 25-19: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

P?\rlgfn' Symbol Characteristic @ﬂ Min Max Units | Conditions
120  [TckH2dtV [SYNC XMIT (Master & Slave) };%“

Clock high to data-out valid %@ 18CXX8 — 40 ns
<\i§§ PICI8LCXX8| — 100 ns
121 [Tckrf Clock out rise time %u}}ﬁ]ve PIC18CXX8 — 20 ns
(Master mode) (L PIC18LCXX8| — 50 ns
122 Tdtrf Data-out rise%@fe\énd fall time PIC18CXX8 — 20 ns
PIC18LCXX8 — 50 ns
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NOTES:
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