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NOTES:
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PIC18C601/801

TABLE 1-2: PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTC is a bi-directional I/O port.
RCO/T10SO/T13CKI| 30 41 36 49
RCO 1/10 ST Digital I/O.
T10SO (0] — Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T108lI 29 40 35 48
RC1 1/10 ST Digital I/O.
T10SI | CMOS Timer1 oscillator input.
RC2/CCP1 33 44 43 56
RC2 /0 ST Digital I/0.
CCP1 1/0 ST Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 34 45 44 57
RC3 1/10 ST Digital I/O.
SCK /0 ST Synchronous serial clock
input/output for SPI mode.
SCL /0 ST Synchronous serial clock
input/output for 12C mode.
RC4/SDI/SDA 35 46 45 58
RC4 /0 ST Digital I/0.
SDI | ST SPI data in.
SDA Vo ST 2C data I/0.
RC5/SDO 36 47 46 59
RC5 /0 ST Digital I/0.
SDO [¢) — SPI data out.
RC6/TX/CK 31 42 37 50
RC6 1/10 ST Digital I/O.
TX (0] — USART asynchronous transmit.
CK /0 ST USART synchronous clock.
RC7/RX/DT 32 43 38 51
RC7 /0 ST Digital I/0.
RX | ST USART asynchronous receive.
DT 1/0 ST USART synchronous data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I =Input O = Output
P = Power oD = Open Drain (no P diode to VDD)

© 2001-2013 Microchip Technology Inc.
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PIC18C601/801

TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTF is a bi-directional I/O port.

RFO/AN5 18 28 24 36

RFO 1/10 ST Digital 1/O.

AN5 | Analog Analog input 5.
RF1/AN6 17 27 23 35

RF1 110 ST Digital I/O.

AN6 | Analog Analog input 6.
RF2/AN7 16 26 18 30

RF2 1/10 ST Digital 1/O.

AN7 | Analog Analog input 7.
RF3/CSIO 15 25 17 29

RF3 110 ST Digital I/O.

CSIO /0 ST System bus chip select I/0.
RF4/A16 14 24 — —
RF4/CS2 — — 16 28

RF4 110 ST Digital I/O.

A16 110 TTL External memory address 16.

Cs2 0 TTL Chip select 2.
RF5/CS1 13 23 15 27

RF5 1/10 ST Digital 1/O.

CS1 o] TTL Chip select 1.
RF6/LB 12 22 14 26

RF6 110 ST Digital I/O.

LB (0] TTL Low byte select signal for external

memory interface.

RF7/UB 11 21 13 25

RF7 110 ST Digital I/O.

uB 0 TTL High byte select signal for external

memory interface.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

| = Input

P = Power

CMOS = CMOS compatible input or output
Analog = Analog input

= Output

= Open Drain (no P diode to VDD)

o
oD
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PIC18C601/801

TABLE 1-2: PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18C601 piciscso1 | Fin | Buffer
Type Type
TQFP | PLCC | TQFP | PLCC Description
PORTJ is a bi-directional I/O port.
RJO/DO — — 39 52
RJO 1/10 ST Digital 1/O.
DO 1/0 TTL System bus data bit 0.
RJ1/D1 — — 40 53
RJ1 110 ST Digital I/O.
D1 1/0 TTL System bus data bit 1.
RJ2/D2 — — 41 54
RJ2 1/10 ST Digital 1/O.
D2 110 TTL System bus data bit 2.
RJ3/D3 — — 42 55
RJ3 110 ST Digital I/O.
D3 1/0 TTL System bus data bit 3.
RJ4/D4 — — 59 73
RJ4 110 ST Digital I/O.
D4 110 TTL System bus data bit 4.
RJ5/D5 — — 60 74
RJ5 1/10 ST Digital 1/O.
D5 1/0 TTL System bus data bit 5.
RJ6/D6 — — 61 75
RJ6 110 ST Digital I/O.
D6 110 TTL System bus data bit 6.
RJ7/D7 — — 62 76
RJ7 1/10 ST Digital 1/O.
D7 1/0 TTL System bus data bit 7.
Vss 9,25, | 19,36, | 11,31, | 23, 44, P — Ground reference for logic and I/O pins.
41,56 | 53,68 | 51,70 | 65,84
VDD 10,26, | 2,20, | 12,32, | 2, 24, P — Positive supply for logic and I/O pins.
38,57 | 37,49 | 48,71 | 45,61
Avss 20 30 26 38 P — Ground reference for analog modules.
AvDD 19 29 25 37 P — Positive supply for analog modules.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

| = Input

P = Power

CMOS = CMOS compatible input or output
Analog = Analog input

= Output

= Open Drain (no P diode to VDD)

O
oD
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PIC18C601/801

FIGURE 4-9: SPECIAL FUNCTION REGISTER MAP
FFFh TOSU FDFh INDF2 FBFh CCPR1H F9Fh IPR1
FFEh TOSH FDEh POSTINC2 | FBEh CCPRI1L F9Eh PIR1
FFDh TOSL FDDh POSTDEC?2 | FBDh CCP1CON | F9Dh PIE1
FFCh STKPTR FDCh PREINC2 FBCh CCPR2H F9Ch MEMCON
FFBh PCLATU FDBh PLUSW2 FBBh CCPR2L F9Bh =
FFAh PCLATH FDAh FSR2H FBAh CCP2CON | F9Ah TRISJ
FF9h PCL FDYh FSR2L FB9h Reserved | F99h TRISH
FF8h TBLPTRU | FD8h STATUS FB8h Reserved | F98h TRISG
FF7h TBLPTRH | FD7h TMROH FB7h Reserved | F97h TRISF
FF6h TBLPTRL | FD6h TMROL FB6h — F96h TRISE
FF5h TABLAT FD5h TOCON FB5h — F95h TRISD
FF4h PRODH FD4h Reserved FB4h = F94h TRISC
FF3h PRODL FD3h OSCCON FB3h TMR3H F93h TRISB
FF2h INTCON FD2h LVDCON FB2h TMR3L F92h TRISA
FF1h INTCON2 | FD1h WDTCON FB1h T3CON F91h LATJ
FFOh INTCON3 | FDOh RCON FBOh PSPCON | F90h LATH
FEFh INDFO FCFh TMR1H FAFh SPBRG F8Fh LATG
FEEh POSTINCO | FCEh TMRIL FAEh RCREG F8Eh LATF
FEDh POSTDECO| FCDh T1CON FADh TXREG F8Dh LATE
FECh PREINCO | FCCh TMR2 FACh TXSTA F8Ch LATD
FEBh PLUSWO FCBh PR2 FABh RCSTA F8Bh LATC
FEAh FSROH FCAh T2CON FAAh — F8Ah LATB
FE9h FSROL FC%h SSPBUF FA9h — F89h LATA
FE8h WREG FC8h SSPADD FA8h = F88h PORTJ
FE7h INDF1 FC7h SSPSTAT FA7h CSEL2 F87h PORTH
FE6h POSTINC1 | FC6h SSPCON1 | FAGh CSELIO F86h PORTG
FES5h POSTDECL1| FC5h SSPCON2 | FA5h — F85h PORTF
FE4h PREINC1 | FC4h ADRESH FA4h = F84h PORTE
FE3h PLUSW1 FC3h ADRESL FA3h = F83h PORTD
FE2h FSR1H FC2h ADCONO FA2h IPR2 F82h PORTC
FE1h FSR1L FC1lh ADCON1 FAlh PIR2 F81h PORTB
FEOh BSR FCOh ADCON2 FAOh PIE2 F80h PORTA

© 2001-2013 Microchip Technology Inc.
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8.1.2 PIR REGISTERS

The Peripheral Interrupt Request (PIR) registers con-
tain the individual flag bits for the peripheral interrupts
(Register 8-5). There are two Peripheral Interrupt
Request (Flag) registers (PIR1, PIR2).

Note 1: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit, or the global
enable bit, GIE (INTCON register).

2: User software should ensure the appropri-
ate interrupt flag bits are cleared prior to
enabling an interrupt, and after servicing
that interrupt.

8.1.3 PIE REGISTERS

The Peripheral Interrupt Enable (PIE) registers contain
the individual enable bits for the peripheral interrupts
(Register 8-6). There are two two Peripheral Interrupt
Enable registers (PIE1, PIE2). When IPEN is clear, the
PEIE bit must be set to enable any of these peripheral
interrupts.

8.1.4 IPR REGISTERS

The Interrupt Priority (IPR) registers contain the individ-
ual priority bits for the peripheral interrupts (Register 8-9).
There are two Peripheral Interrupt Priority registers
(IPR1, IPR2). The operation of the priority bits requires
that the Interrupt Priority Enable bit (IPEN) be set.

8.1.5 RCON REGISTER

The Reset Control (RCON) register contains the bit that
is used to enable prioritized interrupts (IPEN).

REGISTER 8-4: RCON REGISTER
R/W-0 u-0 u-0 R/W-1 RW-1  RMW-1  R/W-0 u-0
‘ IPEN ‘ r ’ — RI ‘ TO ‘ PD ‘ POR ‘ r ‘
bit 7 bit 0

bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (L6CXXX compatibility mode)

bit 6 Reserved: Maintain as '0'
bit 5 Unimplemented: Read as '0'
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-4

bit 3 TO: Watchdog Time-out Flag bit

For details of bit operation, see Register 4-4

bit 2 PD: Power-down Detection Flag bit

For details of bit operation, see Register 4-4

bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 4-4

bit 0 Reserved: Maintain as '0'

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

W = Writable bit
']’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

DS39541B-page 94
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FIGURE 10-1: TIMERO BLOCK DIAGRAM IN 8-BIT MODE
Data Bus
Fosc/4 —— 0 f
<’
Sync with
R_A<42/>TOCKI Programmable Clocks
pin Prescaler
TOSE (2 Tcy delay)
3 PSA
Set Interrupt
TOPS2, TOPS1, TOPSO Flag bit TMROIF
Tocs® on Overflow

Note 1: Upon RESET, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
2: 1/0 pins have diode protection to VDD and Vss.

FIGURE 10-2: TIMERO BLOCK DIAGRAM IN 16-BIT MODE

Foscl/4
Sync with Set Interrupt
miernal ' TmRoL | Hm%‘;w Flag bit TMROIF
RA4TOCKI Programmable on Overflow
pin®  1osE Prescaler (2 Tey delay)
3
Read TMROL
TOPS2, TOPS1, TOPSO -
Write TMROL
1
Tocs® PSA 8
8
TMROH
8
AV Data Bus<7:0>

Note 1: Upon RESET, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.
2: /0 pins have diode protection to VDD and Vss.
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14.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register that can operate as a 16-bit capture
register, as a 16-bit compare register, or as a PWM
Duty Cycle register. Table 14-1 shows the timer
resources of the CCP module modes.

REGISTER 14-1: CCP1CON REGISTER
CCP2CON REGISTER

The operation of CCP1 is identical to that of CCP2, with
the exception of the special event trigger. Therefore,
operation of a CCP module in the following sections is
described, with respect to CCP1.

Table 14-2 shows the interaction of the CCP modules.

Register 14-1 shows the CCPx Control registers
(CCPXCON). For the CCP1 module, the register is
called CCP1CON and for the CCP2 module, the regis-
ter is called CCP2CON.

u-0 u-0 RIW-0 RW-0  RMW-0 RMW-0 RW-O0  RMW-0
CCP1CON | — [ — ] pciBiL | DC1BO [CCPIM3 | CCPIM2 [ CCPIML | CCPIMO |
bit 7 bit 0

u-0 u-0 RIW-0 RW-0  RMW-0 RMW-0 RW-O0  RMW-0
CCP2CON | — | — ] pce1 | pc2Bo | ccpams | ccpam2 | ccpami [ cCP2mo |
bit 7 bit 0

bit 7-6 Unimplemented: Read as '0'

bit 5-4 DCxB1:DCxB0: PWM Duty Cycle bitl and bit0

Capture mode:
Unused

Compare mode:
Unused

PWM mode:

These bits are the two LSbs (bitl and bit0) of the 10-bit PWM duty cycle. The upper eight bits
(DCx9:DCx2) of the duty cycle are found in CCPRxL.

bit 3-0 CCPxM3:CCPxMO0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)

0001 = Reserved

0010 = Compare mode, toggle output on match (CCPXIF bit is set)

0011 = Reserved

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge

1000 = Compare mode,

Initialize CCP pin Low, on compare match force CCP pin High (CCPIF bit is set)

1001 = Compare mode,

Initialize CCP pin High, on compare match force CCP pin Low (CCPIF bit is set)

1010 = Compare mode,

Generate software interrupt on compare match
(CCPIF bit is set, CCP pin is unaffected)

1011 = Compare mode,

Trigger special event (CCPIF bit is set, reset TMR1 or TMR3)

11xx = PWM mode

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

© 2001-2013 Microchip Technology Inc.
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REGISTER 15-2: SSPCON1 REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO
bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit

Master mode:

1 = A write to the SSPBUF register was attempted while the 12C conditions were not valid for a
transmission to be started

0 = No collision

Slave mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case of
overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. In Slave mode, the
user must read the SSPBUF, even if only transmitting data, to avoid setting overflow. In Master
mode, the overflow bit is not set since each new reception (and transmission) is initiated by writing
to the SSPBUF register. (Must be cleared in software.)

0 = No overflow

In 12C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a
"don’t care" in Transmit mode. (Must be cleared in software.)

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit
In both modes, when enabled, these pins must be properly configured as input or output.

In SPI mode: —

1 = Enables serial port and configures SCK, SDO, SDI, and SS as the source of the serial port pins
0 = Disables serial port and configures these pins as 1/O port pins

In 12C mode:

1 = Enables the serial port and configures the SDA and SCL pins as the source of the serial port pins
0 = Disables serial port and configures these pins as 1/O port pins

bit 4 CKP: Clock Polarity Select bit
In SPI mode:
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In 12C Slave mode:
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In 12C Master mode:
Unused in this mode

bit3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
0000 = SPI Master mode, clock = Fosc/4
0001 = SPI Master mode, clock = Fosc/16
0010 = SPI Master mode, clock = Fosc/64
0011 = SPI Master mode, clock = TMR2 output/2
0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled. ___
0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as 1/O pin.
0110 = I2C Slave mode, 7-bit address
0111 = I2C Slave mode, 10-bit address
1000 = 12C Master mode, clock = Fosc / (4 * (SSPADD+1) )
1001 = Reserved
1010 = Reserved
1011 = I2C firmware controlled Master mode (Slave idle)
1100 = Reserved
1101 = Reserved
1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-bit address with START and STOP bit interrupts enabled

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

© 2001-2013 Microchip Technology Inc. Advance Information DS39541B-page 151
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FIGURE 15-7: I2C SLAVE MODE WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

. Receiving Address R/W =0 __ Receiving Data ACK Receiving Data Not ACKr 4
|

SDA "I\1_/ATXREABXATXASXE2XAD) 57D/ D5 DD 02XBIXE0_/DDBX05I0H0IODEITY £\_!

|
\ l
P L R
! I
SSPIF L o [ Bus Master
' N T | Terminates
! | | Transfer
BF ‘ | |
LL Cleared in software !
SSPBUF register is read 1
SSPOV h
Bit SSPOV is set because the SSPBUF register is still full. A
ACK is not sent.
FIGURE 15-8: 12C SLAVE MODE WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
RW =0
Receiving Address R/W = 1 Transmitting Data ~ Not ACK - - -
SDA . /AT X a6 X A5 X aa)X A3 X A2 XAL) /D7) D6 X D5 X D4 X D3 X D2 X D1 XDO 7

scL 1
 Data in £ SCL Peld Tow P
. . while CPU , .
Sampled responds to SSPIF, ' '
SSPIF [ / | ‘
' A
BF : y
' Cleared in software }From SSP Interrupt
] SSPBUF is written in software | Service Routine
CKP

Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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FIGURE 15-12: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION
SDA DX >< DX-1
SCL de-asserted but slave holds SCL allowed to transition high
SCL low (clock arbitration) | 17
scL S
BRG decrements on
Q2 and Q4 cycles
‘ | |
BRG
value

BRG

X o03n X o0zh X o0ih X  00h (hold off) ¥ X o02h
|
|

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

|
IX 03h
I

reload

I2C MASTER MODE START
CONDITION TIMING

To initiate a START condition, the user sets the START
Condition Enable (SEN) bit (SSPCON2 register). If the
SDA and SCL pins are sampled high, the baud rate
generator is re-loaded with the contents of
SSPADD<6:0> and starts its count. If SCL and SDA are
both sampled high when the baud rate generator times
out (TBRG), the SDA pin is driven low. The action of the
SDA being driven low while SCL is high, is the START
condition, and causes the S bit (SSPSTAT register) to
be set. Following this, the baud rate generator is
reloaded with the contents of SSPADD<6:0> and
resumes its count. When the baud rate generator times
out (TBRG), the SEN bit (SSPCON2 register) will be
automatically cleared by hardware, the baud rate gen-
erator is suspended leaving the SDA line held low and
the START condition is complete.

15.4.6

FIGURE 15-13: FIRST START BIT TIMING

Note: If at the beginning of the START condition,
the SDA and SCL pins are already sam-
pled low, or if during the START condition
the SCL line is sampled low before the
SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag
BCLIF is set, the START condition is
aborted, and the 12C module is reset into its
IDLE state.

15.4.6.1 WCOL Status Flag

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

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the START

condition is complete.

Write to SEN bit occurs here
SDA =1,

SCL=1

l

Set S bit (SSPSTAT)

At completion of START bit,
Hardware clears SEN bit
| and sets SSPIF bit

k=T8RG —H—TaRG>, Write to SSPBUF occurs here
‘ 3 I 1st bit X 2nd bit
SDA -
}TBRG *f
SCL ... |TereA
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15.4.10 ACKNOWLEDGE SEQUENCE
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence enable bit, ACKEN (SSPCON2
register). When this bit is set, the SCL pin is pulled low
and the contents of the Acknowledge Data bit (ACKDT)
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 15-17).

15.4.10.1 WCOL Status Flag

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

FIGURE 15-17:

15.4.11 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 register). At the end of a receive/
transmit, 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 sam-
pled 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 register) is set.
A TBRG later, the PEN bit is cleared and the SSPIF bit
is set (Figure 15-18).

15.4.11.1 WCOL Status Flag

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

ACKNOWLEDGE SEQUENCE WAVEFORM

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

Jﬁ ACKEN automatically cleared

l—TerRG "!‘*TBRG —]
SDA >< DO ACK :
| I
SCL 8 | : 9 |
| f |
| |
} |
SSPIF )
J I ) L Cleared in
Set SSPIF at the end Cleared in software
of receive software

Set SSPIF at the end
of Acknowledge sequence

Note: TBRG = one baud rate generator period.

FIGURE 15-18: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2 SCL = 1 for TBRG, followed by SDA = 1 for TBRG
Set PEN | after SDA sampled high, P bit (SSPSTAT) is set
Falling edge of PEN bit (SSPCON2) is cleared by
hardware and the SSPIF bit is set
9th clock i - = A
TBRG |
scL \ f | |
SDA ACK ‘ |
Lk v
[— TBrRG —*— TBRG —*}*— TBRG —
SCL brought high after TBRG
SDA asserted low before rising edge of clock
to set up STOP condition
Note: TBRG = one baud rate generator period.
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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
FoSC = 25 MHz 20 MHz
BAUD
RATE % SPBRG % SPBRG
(Kbps) | kgaup  ERROR |, Y3U® | kgAaUD ERROR  YAlU€
(decimal) (decimal)
0.3 NA - NA -
12 NA - - NA - -
2.4 2.40 -0.15 162 2.40 +0.16 129
9.6 9.53 -0.76 40 9.47 -1.36 32
192 | 1953  +1.73 19 19.53 +1.73 15
76.8 | 7813  +1.73 4 78.13 +1.73 3
96 97.66  +1.73 3 NA - -
300 NA - - 31250  +4.17 0
500 NA - - NA - -
HIGH | 390.63 - 0 312.50 - 0
LowW | 153 - 255 1.22 - 255
FosC = 16 MHz 10 MHz 7.15909 MHz 5.0688 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | kgaup ERROR |, YAU® | kgaup ERROR V&Y€ | kBauD ERROR  VAU® |ypaup ERROR | YalU€
(decimal) (decimal) (decimal) (decimal)
03 NA - NA - NA - NA
12 1.20 +0.16 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65
2.4 2.40 +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
9.6 9.62 +0.16 25 9.77 +1.73 15 9.32 -2.90 11 9.90 +3.13 7
192 | 1923  +0.16 12 19.53 +1.73 7 18.64 -2.90 5 1980  +3.13 3
76.8 NA - - 78.13 +1.73 1 NA - - 7920  +3.13 0
96 NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 250 - 0 156.25 - 0 111.86 - 0 79.20 - 0
Low | o098 - 255 0.61 - 255 0.44 - 255 0.31 - 255
Fosc = 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD
RATE % SPBRG % SPBRG % SPBRG % SPBRG
(Kbps) | «gaup ERROR |, YAU® | kgaup ERROR |, YAU® | kBauD ERROR  YAU€ | «gauD ERROR | Yalue
(decimal) (decimal) (decimal) (decimal)
0.3 0.30 -0.16 0.30 +0.23 0.30 +0.16 NA B
12 1.20 +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA - -
2.4 2.40 +1.67 25 2.43 +1.32 22 NA - - NA - -
9.6 NA - - 9.32 -2.90 5 NA - - NA - -
19.2 NA - - 18.64 -2.90 2 NA - - NA - -
76.8 NA - - NA - - NA - - NA - -
96 NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 62.50 - 0 55.93 - 0 15.63 - 0 0.51 - 0
Low | o024 - 255 0.22 - 255 0.06 - 255 0.002 - 255
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16.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master
mode, in that the shift clock is supplied externally at the
RC6/TX/CK pin (instead of being supplied internally in
Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA register).

16.4.1 USART SYNCHRONOUS SLAVE

TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical, except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will be set.

e) Ifenable bit TXIE is set, the interrupt will wake the
chip from SLEEP. If the global interrupt is enabled,
the program will branch to the interrupt vector.

When setting up a Synchronous Slave Transmission,

follow these steps:

1. Enable the synchronous slave serial port by set-

ting bits SYNC and SPEN and clearing bit CSRC.

Clear bits CREN and SREN.

If interrupts are desired, set enable bit TXIE.

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

Enable the transmission by setting enable bit

TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

o> wbd

16.4.2 USART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode and bit SREN, which is a "don't care" in Slave
mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register,
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector.
When setting up a Synchronous Slave Reception,
follow these steps:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete. An interrupt will be generated if enable bit

RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

A

TABLE 16-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on Value on all
Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 POR, other
BOR RESETS

INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 -000 0000
IPR1 — ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | -000 0000 -000 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 o010 | 0000 0olo
SPBRG Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for Synchronous Slave Transmission.
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DEVELOPMENT TOOLS FROM MICROCHIP
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22.1 DC Characteristics (Continued)

PIC18LC601/801 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature  -40°C < Ta < +85°C for industrial

PIC18C601/801
(Industrial, Extended)

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

Param Symbol Characteristic/ Min Typ Max | Units Conditions
No. Device
D010 IbD Supply Current@4) /\ \
PIC18LC601/801 RC osc optign. '~
— TBD | TBD mA l;esg: 4 HZ(VD\&\=>2.5V
D010 PIC18C601/801 cggz tions
— | TBD | TBD | M\ > 4 Mgz, VoD = 4.2V
DO010A PIC18LC601/801 x LR o§c option
— | 1BD\(BR N\wA o€ = 32 kHz, VoD = 2.5V
DO10A PIC18C601/801 LP osc option
Ap A | Fosc =32 kHz, VbD = 4.2V
D010C PIC18LC601/801< EC osc option,
— \T\ 45 mA | Fosc =25 MHz, VbD = 5.5V
D010C PIC18@6Q1/801 D EC osc option,
/> — 45 mA | Fosc =25 MHz, VbD = 5.5V
D013 PleighCe00/801 ] HS osc options
— — TBD mA |Fosc =6 MHz, VbD = 2.5V
— — 50 mA | Fosc =25 MHz, VbD = 5.5V
C HS + PLL osc option
— — 50 mA |Fosc =10 MHz, VbD = 5.5V
D013 9 PIC18C601/801 HS osc option
— — 50 mA |Fosc =25 MHz, Vbbp = 5.5V
HS + PLL osc option
— — 50 mA |Fosc =10 MHz, VDD = 5.5V
D014 PIC18LC601/801 Timerl osc option
— — 48 pA | Fosc =32 kHz, Vbp = 2.5V
— — TBD pA | Fosc =32 kHz, VbDp = 2.5V, 25°C
D014 PIC18C601/801 OSCB osc option
— — TBD pA | Fosc =32 kHz, VbD = 4.2V
— — TBD pA | Fosc =32 kHz, VDD = 4.2V, 25°C
Legend: Rows with industrial-extended data are shaded for improved readability.

Note 1:

2:

This is the limit to which VDD can be lowered in SLEEP mode, or during a device RESET, without losing
RAM data.

The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/O pin
loading and switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD

MCLR = VbD; WDT enabled/disabled as specified.

The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss, and
all features that add delta current disabled (such as WDT, Timerl Oscillator, BOR, ...).

For RC osc option, current through RexT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.
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FIGURE 22-7: PROGRAM MEMORY READ TIMING DIAGRAM
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Operating Conditions: 2.0V <Vcc <5.5V, -40°C <Ta <125°C, unless otherwise stated.

TABLE 22-6: CLKOUT AND I/O TIMING REQUIREMENTS

P;a\lroam Symbol Characteristics Min Typ Max Units
150 TadV2alL |Address out valid to ALE{ (address setup time) 0.25TCY—10(\ — — ns
151 TalL2adl  |ALEY to address out invalid (address hold time) /S\Q — — ns
155 | TalL2oeL |ALE {to OE (\\% 0.125Tcy — ns
160 TadZ20eL |AD high-Z to OE { (bus release to OE) S \%}f — — ns
161 | ToeH2adD |OE 7 to AD driven 0.125Tcv-5 — — ns
162 TadV2oeH |LS data valid before OE T (da{a\w\wm 20 — — ns
163 ToeH2adl |OE 7 to data in invali a%iho e 0 — — ns

AR b

164 TalH2alL  |ALE pulse w% @ — Tey — ns

165 ToeL20eH |OE pulgeg\gr?}h\i\) 0.5Tcy-5 0.5Tcy — ns

166 TalH2alH |ALET to\gET (cycle time) — 0.25Tcy — ns
167 Tacc Address valid to data valid 0.75Tcy-25 — — ns
168 Toe OE | to data valid — 0.5Tcy-25 ns
169 TalL2oeH |ALE | to OE T 0.625Tcy-10 — 0.625Tcy+10 ns
171 TalH2csL | Chip select active to ALE 0.25Tcy-20 — — ns
171A TubL20eH |AD valid to chip select active — — 10 ns
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FIGURE 22-12: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

CCPx

(Capture mode) —m

\— 50 4. ‘e 51 —»!

52

CCPx % 1 : %

(Compare or PWM mode) C '

——:53:-— ——354,:-—

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-11: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pa,\zgm. Symbol Characteristic Min 4 Max Units Conditions
50 Tecl CCPxinputlow | No Prescaler O.STQL\@L — ns
time with PIC18C601/801 NCIN — ns
Prescaler |pIC18LC601/801 | | W\ 20 — ns
51 TecH CCPxinputhigh | No Prescaler (& \Q('STCY +20 — ns
time With PIC18GRONBOD 10 — ns
Prescaler | pee I 3RTp017801 20 — ns

52 TccP CCPx input period 3Tcy + 40 — ns |N =prescale
N value (1, 4 or 16)

53 TccR | CCPx output fa@&\% PIC18C601/801 — 25 ns
<O) PIC18LC601/801 — 45 | ns
54 TecF CCPx outpl}\gall time PIC18C601/801 — 25 ns
PIC18LC601/801 — 45 ns
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NOTES:
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