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PIC18CXX2

FIGURE 1-1: PI1C18C2X2 BLOCK DIAGRAM
Data Bus<8>
@ JL r—— - - — — — — /1
Table Pointer <2> Data Latch PORTA
2 I | RAO/ANO |
<A 78 Data RAM | RAL/AN1 |
21 inc/dec logic RA2/AN2/VREF- |
:l:‘ RA3/AN3/VREF+
21 Address Latch | RA4/TOC ﬂ |
Address Latch 20 ﬁ% 1@ | Eﬁz/ANMSS/LVDIN |
Program Memory Address<12>
(up to 2M Bytes) | |
Program Counter 12ﬁ 4ﬁ
Data Latch @ =srol| [Banko, F | |
31 Level Stack FSR1 | |
FSR2 12 | |
16 inc/dec| | |
| |
e | |
|
— L | RBO/INTO |
nstruction
Register RB1/INT1 |
‘% RB2/INT2
A | RB3/CCP2 |
Instruction X] RB7:RB4
Decode & | |
Control PRODH ] PRODL | |
OSC2/CLKO * * # ¢ * * b
OSC1/CLKI Power-up 8 x 8 Multiply | |
X=> Timer | |
Timing PN Oscillator
Xk=> Generation [~ | Start-up Timer | |
T10SI
T10S0O {} Power-on | |
Reset
4X PLL Watchdo |
<= atchdog ALUZS> PORTC |
RCO/T10SO/T1CKI
- Brown-out 8 | RcyT10slicep2® |
— RC2/CCP1
Voltage L Reset :‘/'\ | |
Reference ! RC3/SCK/SCL
| Y RC4/SDI/SDA |
é | RC5/SDO |
—_— RC6/TX/CK
MCLR VDD, Vss
| RC7/RX/IDT |
L - - — - — — — 4
r—— - - - - - - - - - - - - - - - - - — — 7 — — — — /1
| Timer0 Timerl Timer2 Timer3 —> A/D Converter |
| Master Addressable |
CCP1 CCP2 Synchronous USART
| Serial Port |
L - 4

Note 1: Optional multiplexing of CCP2 input/output with RB3 is enabled by selection of configuration bit.
2: The high order bits of the Direct Address for the RAM are from the BSR register (except for the MOVFF instruction).

3: Many of the general purpose I/O pins are multiplexed with one or more peripheral module functions. The multiplexing combinations
are device dependent.
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PIC18CXX2

TABLE 1-2: PI1C18C2X2 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number | pin Buffer Description
DIP | soic| Type| Type
PORTB is a bi-directional 1/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO 21 21
RBO 110 TTL Digital 1/0.
INTO | ST External Interrupt 0.
RB1/INT1 22 22
RB1 /0 TTL
INT1 | ST External Interrupt 1.
RB2/INT2 23 23
RB2 /0 TTL Digital I/0.
INT2 | ST External Interrupt 2.
RB3/CCP2 24 24
RB3 /0 TTL Digital I/0.
CCP2 110 ST Capture2 input, Compare2 output, PWM2 output.
RB4 25 25 I/0 TTL Digital I/0.
Interrupt-on-change pin.
RB5 26 26 I} TTL Digital I/0.
Interrupt-on-change pin.
RB6 27 27 I/0 TTL Digital I/0.
Interrupt-on-change pin.
| ST ICSP programming clock.
RB7 28 28 11O TTL Digital 1/0.
Interrupt-on-change pin.
1/0 ST ICSP programming data.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

O = Output
OD = Open Drain (no P diode to VDD)

CMOS = CMOS compatible input or output
I = Input
P = Power

© 1999-2013 Microchip Technology Inc.
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NOTES:
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SPECIAL FUNCTION REGISTER MAP

TABLE 4-1:

FFFh TOSU
FFEh TOSH
FFDh TOSL
FFCh STKPTR
FFBh PCLATU
FFAh PCLATH
FF9h PCL
FF8h TBLPTRU
FF7h TBLPTRH
FF6h TBLPTRL
FF5h TABLAT
FF4h PRODH
FF3h PRODL
FF2h INTCON
FF1h INTCON2
FFOh INTCON3
FEFh INDFO®)
FEEh | POSTINCO®)
FEDh | POSTDECO®
FECh PREINCO®)
FEBh PLUSWO®)
FEAh FSROH
FESh FSROL
FESh WREG
FE7h INDF1®)
FE6h | POSTINC1®
FESsh | POSTDEC1®)
FE4h PREINC1G)
FE3h PLUSW1®)
FE2h FSR1H
FE1lh FSR1L
FEOh BSR

FDFh
FDEh
FDDh
FDCh
FDBh
FDAh
FDSh
FD8h
FD7h
FD6h
FD5h
FD4h
FD3h
FD2h
FD1h
FDOh
FCFh
FCEh
FCDh
FCCh
FCBh
FCAh
FC9h
FC8h
FC7h
FC6h
FC5h
FC4h
FC3h
FC2h
FC1lh
FCOh

INDF2®)

POSTINC2®)

POSTDEC2®)

PREINC2®)

PLUSW2®)

FSR2H

FSR2L

STATUS

TMROH

TMROL

TOCON

OSCCON

LVDCON

WDTCON

RCON

TMR1H

TMR1L

T1CON

TMR2

PR2

T2CON

SSPBUF

SSPADD

SSPSTAT

SSPCON1

SSPCON2

ADRESH

ADRESL

ADCONO

ADCON1

Note 1: Unimplemented registers are read as '0’.

2: This register is not available on PIC18C2X2 devices.
3: This is not a physical register.

FBFh
FBEh
FBDh
FBCh
FBBh
FBAh
FB9h
FB8h
FB7h
FB6h
FB5h
FB4h
FB3h
FB2h
FB1h
FBOh
FAFh
FAEh
FADh
FACh
FABh
FAAh
FA9h
FA8h
FATh
FA6h
FA5h
FA4h
FA3h
FA2h
FAlh
FAOh

CCPR1H

CCPR1L

CCP1CON

CCPR2H

CCPR2L

CCP2CON

TMR3H

TMR3L

T3CON

SPBRG

RCREG

TXREG

TXSTA

RCSTA

IPR2

PIR2

PIE2

FOFh
FOEh
F9Dh
F9Ch
F9Bh
F9AN
F99h
F98h
F97h
Fo6h
F95h
F94h
F93h
F92h
F91h
F90h
F8Fh
F8Eh
F8Dh
F8Ch
F8Bh
F8Ah
F89h
F88h
F87h
F86h
F85h
F84h
F83h
F82h
F81h
F80h

IPR1

PIR1

PIE1

TRISE®

TRISD®@

TRISC

TRISB

TRISA

PORTE®

PORTD®)

PORTC

PORTB

PORTA

© 1999-2013 Microchip Technology Inc.
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TABLE 8-1: PORTA FUNCTIONS
Name Bit# Buffer Function

RAO/ANO bit0 TTL | Input/output or analog input.

RA1/AN1 bitl TTL | Input/output or analog input.

RA2/AN2/VREF- bit2 TTL Input/output or analog input or VREF-.

RA3/AN3/VREF+ bit3 TTL | Input/output or analog input or VREF+.

RA4/TOCKI bit4 ST Input/output or external clock input for TimerO.
Output is open drain type.

RA5/SS/AN4/LVDIN bit5 TTL | Input/output or slave select input for synchronous serial port or analog
input, or low voltage detect input.

OSC2/CLKO/RA6 bit6 TTL | OSC2 or clock output or I/O pin.

Legend: TTL =TTL input, ST = Schmitt Trigger input

TABLE 8-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on |Valueonall

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, other
BOR RESETS

PORTA — RAG6 RA5 RA4 RA3 RA2 RA1 RAO --0x 0000|--0u 0000
LATA — | Latch A Data Output Register --XX XXXX|--uu uuuu
TRISA — | PORTA Data Direction Register --11 1111|--11 1111
ADCON1 |ADFM ADcsz| — | — | PCFG3 | PCFG2 | PCFG1 | PCFGO |--0- 0000|--0- 0000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0".

Shaded cells are not used by PORTA.

© 1999-2013 Microchip Technology Inc.
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13.3 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 (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before

the value in register CCPR1 is read, the old captured
value will be lost.

13.3.1 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.

13.3.2 TIMER1/TIMER3 MODE SELECTION

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

FIGURE 13-1:

13.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCPLlIE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit, CCP1IF, following any such
change in operating mode.

13.3.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
RESET will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 13-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 13-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON, F ; Turn CCP module off
MOVLW NEW_CAPT_ PS ; Load WREG with the
; new prescaler mode
; value and CCP ON
MOVWF CCP1CON ; Load CCP1CON with
; this value

CAPTURE MODE OPERATION BLOCK DIAGRAM

Set Flag bit CCP1IF

Prescaler
Eg '7 +1,4,16

CCP1 pin

|TMR3H | T™R3L |

and

ge Detect
X

¥

CCP1CON<3:0>
S

Q——=

Set Flag bit CCP2IF

T3CCP1
T3CCP2

Prescaler

CCP2 pin

T3CCP2 TMR3
Enable
| CCPR1H | CCPRIL |
LD TMR1
T3CCP2 Enable

|TMR1H | TMRIL |

|TMR3H | TMR3L |

and
Edge Detect

T3CCP2
T3CCP1

CCP2CON<3:0>
Q's

\:D TMR3 Y
Enable
| CCPR2H | CCPR2L |

TMR1
Enable

| TMRIH | TMRIL |

© 1999-2013 Microchip Technology Inc.
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I°C SLAVE MODE WAVEFORM (TRANSMISSION 10-BIT ADDRESS)

FIGURE 14-10:
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I°C SLAVE MODE WAVEFORM (RECEPTION 10-BIT ADDRESS)

FIGURE 14-11:
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14.410 ACKNOWLEDGE SEQUENCE
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge sequence enable bit, ACKEN
(SSPCON2<4>). When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
is presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The baud rate gen-
erator then counts for one rollover period (TBRG) and the
SCL pin is de-asserted (pulled high). When the SCL pin
is sampled high (clock arbitration), the baud rate gener-
ator counts for TBRG. The SCL pin is then pulled low. Fol-
lowing this, the ACKEN bit is automatically cleared, the
baud rate generator is turned off and the MSSP module
then goes into IDLE mode (Figure 14-20).

14.4.10.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 14-20:

14.4.11 STOP CONDITION TIMING

A STOP bit is asserted on the SDA pin at the end of a
receive/transmit by setting the STOP sequence enable
bit, PEN (SSPCON2<2>). At the end of a receive/trans-
mit, the SCL line is held low after the falling edge of the
ninth clock. When the PEN bit is set, the master will
assert the SDA line low. When the SDA line is sampled
low, the baud rate generator is reloaded and counts
down to 0. When the baud rate generator times out, the
SCL pin will be brought high, and one TBRG (baud rate
generator rollover count) later, the SDA pin will be
de-asserted. When the SDA pin is sampled high while
SCL is high, the P bit (SSPSTAT<4>) is set. A TBRG
later, the PEN bit is cleared and the SSPIF bit is set
(Figure 14-21).

144111 WCOL Status Flag

If the user writes the SSPBUF when a STOP sequence
is in progress, then the WCOL bit is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
Write to SSPCON2
ACKEN =1, ACKDT =0

I— ACKEN automatically cleared

Set SSPIF at the end —!
of receive

Note: TBRG = one baud rate generator period.

l—TBRG —'I'—I TBRG —
SDA >< DO \ ACTK :
; i
scL g | Vo9
| | |
| | |
SSPIF '

L Cleared in
software

Set SSPIF at the end
of Acknowledge sequence

Cleared in
software
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FIGURE 14-21: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2 SCL = 1 for Tbrg, followed by SDA = 1 for Thrg
Set PEN_ after SDA sampled high. P bit (SSPSTAT<4>) is set
Falling edge of PEN bit (SSPCON2<2>) is cleared by
9th clock l hardware and the SSPIF bit is set
r—"
TBRG |
scL \ i | |
SDA ACK | / |
L P v
“— TBrG —— TBrc —— TsrG —
SCL brought high after TBRG
SDA asserted low before rising edge of clock

Note: TBRG = one baud rate generator period.

to setup STOP condition.

14.412 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit, or Repeated START/STOP condi-
tion, de-asserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the baud rate
generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is
sampled high, the baud rate generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count, in the event that the clock
is held low by an external device (Figure 14-22).

FIGURE 14-22: CLOCK ARBITRATION TIM

14.413 SLEEP OPERATION

While in SLEEP mode, the 12C module can receive
addresses or data, and when an address match or
complete byte transfer occurs, wake the processor
from SLEEP (if the MSSP interrupt is enabled).

14.4.14 EFFECT OF A RESET

A RESET disables the MSSP module and terminates
the current transfer.

ING IN MASTER TRANSMIT MODE

BRG overflow,

Release SCL,

If SCL = 1, Load BRG with
SSPADD<6:0>, and start count
to measure high time interval

|

BRG overflow occurs,

Release SCL, Slave device holds SCL low.

SCL = 1 BRG starts counting

clock high interval.
- - — —
S N

‘4— TerRG—> ‘4— TBrRG —>‘

SCL /
SCL line sampled once every machine cycle (Tosc? 4).
Hold off BRG until SCL is sampled high.

‘<— TBR(;—V‘

© 1999-2013 Microchip Technology Inc.
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14.4.16.3 Bus Collision During a STOP
Condition

Bus collision occurs during a STOP condition if:

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

b) After the SCL pin is de-asserted, SCL is sam-
pled 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 adata '0' (Figure 14-29). 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 attempt-
ing to drive a data '0' (Figure 14-30).

FIGURE 14-29: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| Tero TBRG | TBRG | SDA sampled
low after TBRG,
________________ Set BCLIF
SDA
!
SDA asserted low
SCL
PEN 4 L
BCLIF
P o
SSPIF 0
FIGURE 14-30: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG ‘ TBRG ‘
SDA
T Assert SDA SCL goes low before SDA goes high
Set BCLIF
\
PEN 4 L
BCLIF
P o
SSPIF 0
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FIGURE 15-5: ASYNCHRONOUS RECEPTION
RX (pin) START _ START START
bit £ bito X b i i i i STOP\ bit i STO
i MSI,%P\ bit £ bito B@(bnws TOP\_bi ,Gg(blms : TOP
g M, C M CC M C :
Rcv buffer re D) ) J) D) \
9 .T Word 1 Word 2 T '
Read Rcv C ! RCREG Cc RCREG C : T
buffer reg D)) T D) ) '
RCREG : : )
' C C .
RCIF C :
(interrupt flag) pD) I ) ) A —
OERR bit C)C) C)C) C)() —
CREN C C CQ 3
) ) ) |

Note:  This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word, causing
the OERR (overrun) bit to be set.

TABLE 15-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on

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

BOR RESETS

INTCON | GIE/GIEH| PEIE/ |[TMROIE| INTOIE| RBIE | TMROIF| INTOIF | RBIF | 0000 000x | 0000 000u
GIEL

PIR1 PSPIFD | ADIF RCIF TXIF | SSPIF | CCP1IF| TMR2IF| TMR1IF| 0000 0000 | 0000 0000

PIE1 PSPIE® | ADIE RCIE TXIE | SSPIE | CCPlIE| TMR2IE| TMR1IE| 0000 0000 | 0000 0000

IPR1 PsPIP® | ADIP RCIP TXIP | SSPIP | CCP1IP| TMR2IP| TMR1IP| 0000 0000 | 0000 0000

RCSTA SPEN RX9 SREN | CREN | ADDEN| FERR | OERR | RX9D | 0000 -00x | 0000 -00x

RCREG |USART Receive Register 0000 0000 | 0000 0000

TXSTA | CSRC | Tx9 | TXEN | SYNC| — | BRGH| TRMT | TX9D | 0000 -010| 0000 -010

SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented locations read as '0".
Shaded cells are not used for Asynchronous Reception.
Note 1. The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18C2X2 devices. Always maintain these bits
clear.
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To calculate the minimum acquisition time,
Equation 16-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

EQUATION 16-1: ACQUISITION TIME

TacQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient
TAMP + TC + TCOFF

EQUATION 16-2: A/D MINIMUM CHARGING TIME

VHOLD =  (VREF - (VREF/2048)) * (1 - e T/CHOLDRIC + RSS + Rs)))
or
Tc

-(120 pF)(1 kQ + RsS + RS) In(1/2047)

Example 16-1 shows the calculation of the minimum
required acquisition time TAcCQ. This calculation is
based on the following application system assump-

tions:

* CHoOLD = 120 pF

* Rs = 25kQ

e Conversion Error< 1/2 LSb

¢ VDD = 5V > Rss=7kQ

« Temperature 50°C (system max.)
e VHOLD = 0V@time=0

EXAMPLE 16-1: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMP + TC + TCOFF
Temperature coefficient is only required for temperatures > 25°C.
TAacQ = 2 ups+ Tc+ [(Temp - 25°C)(0.05 ps/°C)]

Tc = -CHOLD (RIC + RSs + Rs) In(1/2047)
-120 pF (1 KQ + 7 KQ + 2.5 k) In(0.0004885)
-120 pF (10.5 k) In(0.0004885)
-1.26 s (-7.6241)
9.61 ps

2 pus +9.61 ps + [(50°C - 25°C)(0.05 ps/°C)]
11.61 us+ 1.25 ps
12.86 ps

TACQ
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NOTES:
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BRA Unconditional Branch BSF Bit Set f
Syntax: [label] BRA n Syntax: [label] BSF f,b[,a]
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC)+2+2n— PC 0<bs<7
a e[0,1]
Status Affected:  None )
) Operation: 1— f<b>
Encoding: ‘ 1101 | onnn ‘ nnnn | nnnn ‘
o Status Affected:  None
Description: Add the 2's complement number .
'2n’ to the PC. Since the PC will Encoding: ‘ 1000 | bbba ‘ £fff | £fff ‘
have incremented to fetch the next Description: Bit 'b' in register 'f' is set. If ‘@’ is 0
instruction, the new address will be Access Bank will be selected, over-
PC+2+2n. This instruction is a two- riding the BSR value. If ‘a’ = 1, then
cycle instruction. the bank will be selected as per the
Words: 1 BSR value.
Cycles: 2 Words: 1
Q Cycle Activity: Cycles: 1
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode |Read literal | Process | Write to PC Q1 Q2 Q3 Q4
n' Data Decode Read Process Write
No No No No register 'f' Data register 'f'
operation operation operation operation
Example: BSF FLAG REG, 7, 1
Example: HERE BRA Jump Before Instruction
. FLAG REG= 0x0A
Before Instruction -
pC - address (HERE) After Instruction
FLAG REG= 0x8A

After Instruction

PC

= address (Jump)
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [label] CLRF f[,a] Syntax: [label] CLRWDT
Operands: 0<f<255 Operands: None
ae[01] Operation: 000h — WDT,
Operation: 000h — f 000h —» WDT postscaler,
157 1->T0,
Status Affected:  Z 1__> ED
Encoding: ‘ 0110 | 101a ‘ FEEE | FEEE ‘ Status Affected:  TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
register. If ‘a’ is 0, the Access Bank Description: CLRWDT instruction resets the
will be selected, overriding the BSR Watchdog Timer. It also resets the
value. If ‘a’ = 1, then the bank will postscaler of the WDT. Status bits
be selected as per the BSR value TO and PD are set.
(default). Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 Decode No Process No
Decode Read Process Write operation Data operation
register 'f' Data register 'f'
Example: CLRWDT
Example: CLRF FLAG_REG, 1 Before Instruction
Before Instruction WDT counter = 2
FLAG REG = O0x5A After Instruction
After Instruction WDT counter = 0x00
FLAG REG _ 0x00 WDT Postscaler = 0
_ 0 - 1
PD = 1

© 1999-2013 Microchip Technology Inc. DS39026D-page 203



PIC18CXX2

NEGF Negate f NOP No Operation
Syntax: [label] NEGF f[,a] Syntax: [label] NOP
Operands: 0<f<255 Operands: None
a_e [0.1] Operation: No operation
Operation: (f)+1-f Status Affected:  None
Status Affected: ~ N,OV, C, DC, Z Encoding: 0000 | 0000 | 0000 | 0000
Encoding: ‘ 0110 | 110a ‘ ffff | ffff ‘ 1111 | XXXX | XXXX | XXXX
Description: Location ‘' is negated using two's Description: No operation.
complement. The resultis placed in Words: 1
the data memory location 'f'. If 'a’ is Cveles: 1
0, the Access Bank will be y :
selected, overriding the BSR value. Q Cycle Activity:
If'a’ = 1, then the bank will be Q1 Q2 Q3 Q4
selected as per the BSR value. Decode No No No
Words: 1 operation operation operation
Cycles: 1 £ |
xample:
Q Cycle Activity:
Q1 Q2 Qs Q4 None
Decode Read Process Write '
register 'f' Data register 'f'
Example: NEGF REG, 1
Before Instruction
REG = 0011 1010 [0x3A]
After Instruction
REG = 1100 0110 [0xC6]
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FIGURE 21-3: LOW VOLTAGE DETECT CHARACTERISTICS

VDD

----------------------- /~ (LVDIF can be

VLVD cleared in software)

(LVDIF set by hardware)

LVDIF _

TABLE 21-1: LOW VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TAa < +85°C for industrial
-40°C < TA < +125°C for extended

Pilr;m Symbol Characteristic Min Max Units Conditions

D420 VLVD LVD Voltage LVV<3:0>=0100 2.5 2.66 \Y
LVV<3:0> = 0101 2.7 2.86 \Y
LVV<3:0>= 0110 2.8 2.98 \%
LVV<3:0>=0111 3.0 3.2 \%
LVV<3:0>=1000 3.3 3.52 \%
LVV<3:0>=1001 3.5 3.72 \Y
LVV<3:0>=1010 3.6 3.84 V
LVV<3:0>=1011 3.8 4.04 \Y
LVV<3:0>=1100 4.0 4.26 \%
LVV<3:.0>=1101 4.2 4.46 \%
LVV<3:0>=1110 4.5 4.78 \%
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FIGURE 21-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

TIMER TIMING
VDD /
MCLR / \ 1{
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.
<~

.
<~

I~
~

Internal
POR

~/
~

~
~

:4—33—>'
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I/0 Pins > \
Note: Refer to Figure 21-4 for load conditions. I
FIGURE 21-8: BROWN-OUT RESET TIMING
BVDD - - - - - -+ \—l
VDD f————
! 35 !
VBGAP = 1.2V
VIRVST /

Enable Internal Reference Voltage

Internal Reference Voltage Stable ~— 36 —|

TABLE 21-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS

Pa’\:sm. Symbol Characteristic Min Typ Max Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — us
31 TwDT Watchdog Timer Time-out Period 7 18 33 ms

(No Postscaler)
32 TosT Oscillation Start-up Timer Period |1024Tosc| — |1024Tosc| — |Tosc = OSC1 period
33 TPWRT | Power up Timer Period 28 72 132 ms
34 Tioz I/0 Hi-impedance from MCLR — 2 — us

Low or Watchdog Timer Reset
35 TBOR Brown-out Reset Pulse Width 200 — — us | VDD < BvDD (See D005)
36 Tivrst Time for Internal Reference — 20 50 us

Voltage to become stable

DS39026D-page 248 © 1999-2013 Microchip Technology Inc.



PIC18CXX2

STOP Condition Receive or Transmit ............ccccue..e. 143
Time-out Sequence on POWEr-Up ..........cccocueenee. 32,33
USART Asynchronous Master Transmission ........... 156
USART Asynchronous Reception ...........c.ccccueeuenne. 158
USART Synchronous Reception ...........c.ccccovernenne. 161
USART Synchronous TransSmission ..........c.ccccceeuee.. 160
Wake-up from SLEEP via Interrupt ..........c.ccoeevenen. 186
Timing Diagrams and Specifications ............cccccevvieneens 246
AID CONVEISION ....ocuviiiiiiiiiiic i 262
Brown-out Reset (BOR) ....cccccveviiiiiciieciiinnecees 248
Capture/Compare/PWM (CCP) ......cccccecveriieriieninens 250
CLKOUT and /O ....oovvrveieriiiie e 247
External ClOCK ..........cccoiviiiiiiiiiiiiiiie e 246
2C BUS DALA ....veoveereeeere e 257
12C Bus START/STOP BitS ....oovveverrreececreeresieen, 256
Oscillator Start-up Timer (OST) ....cccccvvevviriireieeneene 248
Parallel Slave Port (PSP) ........ccoccnviinieniiciiecieene 251
Power-up Timer (PWRT) ...ccooiiiieiiieeeee e 248
RESET .ottt 248
Timer0 and Timerl ......cccoccvvieiiiiiieeie e 249
USART Synchronous Receive
(MaSter/SIave) .......cccccevceeiiiiiceiecie e 260
USART SynchronousTransmission
(Master/SIave) ......cccccvveviiieinieee e 260
Watchdog Timer (WDT) ...coovvevviiiiieiiecieeneeeeeen 248
TRISE REQISIEr ...viiiiiiiiiieiiiieiee e 87
PSPMODE Bit ....ccoviiiieiieiieieseeie e 85, 90
TSTIFSZ e 227
Two-Word Instructions
EXample CaSES .....cceevviiiiiiiieeiiie et 41
TXSTA Register
BRGH Bit oo 151

u

Universal Synchronous Asynchronous Receiver
Transmitter. See USART.

USART ittt 149
AsyNchronous MOde .........cccovvvveinieieniiee e 155

Associated Registers, Receive ..........cccccocveeen. 158
Associated Registers, Transmit ............ccccceee... 156
Master Transmission ...............
Receive Block Diagram
Receiver .......ccccvviiiiiecnn.
RECEPLION ..ooiiiiiiiiiiie e
Transmit Block Diagram ...........ccccceeenvieenninnnn. 155
TranSMItter ......oocveviiiieecie e 155

Baud Rate Generator (BRG) ........ccccecveiciiiniincinens 151
Associated Registers .........cccvvveiiieniiieiienieenns 151
Baud Rate Error, Calculating ...........cccceeenuneen. 151
Baud Rate Formula ...........c.ccooeviviiiiicniccne 151
Baud Rates, Asynchronous Mode

(BRGH = 0) .oeviieienieeeeeeeeeeee e 153
Baud Rates, Asynchronous Mode

(BRGH = 1) oot 154
Baud Rates, Synchronous Mode ..................... 152
High Baud Rate Select (BRGH Bit) ................. 151
SAMPIING .ovviiiieiie e 151

RCSTA REQISIEr ...ovviiiiiiiiiie e 150

Serial Port Enable (SPEN Bit) .. 149

Synchronous Master Mode ..... .. 159

Associated Registers, Reception ... .. 161
Associated Registers, Transmit ..........ccccccceeee. 159
RECEPLION ...ooiiiiiiiicc e 161
Timing Diagram, Synchronous Receive .......... 260

Timing Diagram, Synchronous
TransSMISSION ......occeevveeiieiiecieenee e 260
Transmission ............cc...... .. 160
Associated Registers . .. 159
Synchronous Slave Mode ..........cccccociiviiiiiciiecneen. 162
Associated Registers, Receive ..........ccccecueeene 163
Associated Registers, Transmit ...........cccccceee... 162
RECEPLION ...ooiiiiiiiii e 163
TranSMISSION .......ccociiiiiiiiiiiie e 162
TXSTA REQISIET ..ottt 149

W

Wake-up from SLEEP ........ccccooviiiieniinic e, 179, 185
TimMiNg DIagram .......cccooecieieiiiie e 186
USING INLEITUPLES ..veveiiie e 185
Watchdog Timer (WDT) ........ 179, 183
Associated REJISIErS ........ovvviveeiiiieeiiie e 184
Block Diagram ........... .. 184
POSESCAlET ...oiiiiiiiiciiccc e 184
Programming Considerations ...........cccccoceevvveenninnen. 183
RC OSCillator .........cccceiiiiiiiiiiiiiie i 183
Time-out Period ........cccooiiniiiiiiciiiceceecee e 183
Timing Diagram .......cccccocceveeiiieeniieennnns .. 248
Waveform for General Call Address Sequence ............... 133
WECOL it 137, 139, 142
WCOL Status Flag .....cveeevieieeiiiieiieieeeieeeeiee e 137
WDT ot s 183
WWW, ON-LiNe SUPPOIT ....ooovviiiiiiiiiieeiie st 5
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