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PIC18FXX2

FIGURE 1-1: PIC18F2X2 BLOCK DIAGRAM
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Jg Address Latch | RA4/TOC£ |
Address Lath 21 i% 1@ RA5/AN4/SSALVDIN
| RA6 |
Program Memory Address<12>
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Program Counter '. 12§\E 4ﬁ
Data Latch Forol| [Banko. | |
FSR1 | |
FSR2
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I I
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Register 4I_r ESE/CCPZ( ) |
RB5/PGM |
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Decode & RB7/PGD |
Control |
0OSC2/CLKO
OSC1/CLKI * * # * * |
Power-up
Xki=—> Timer |
Timing Oscillator
H 8280 Generation [ Start-up Timer |
{ } Power-on |
Reset
I
4XPLL k=>{| Watchdog
Timer PORTC |
RCO/T10SO/T1CKI
Precision Brown-out RC1/T1081CCP2M |
Voltage [—>|| Reset RC2/CCP1
Reference Low Voltage RC3/SCK/SCL |
MCLR Programming | 1 RC4/SDI/SDA |
X _ RC5/SDO
VDD, Vss In-Gircuit I RC6/TX/CK |
X Debugger | <] RC7/RX/DT |
L - - - -
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I I
| Timer0 Timer1 Timer2 Timer3 —> A/D Converter |
| Master Addressable |
CCP1 CCP2 Synchronous USART Data EEPROM
| Serial Port |
L — - -

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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PIC18FXX2

TABLE 1-2: PIC18F2X2 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number | pin | Buffer
Pin Name T T Description
DIP |soic | 'yre| Type
PORTC is a bi-directional I/0 port.

RCO/T10SO/T1CKI | 11 11

RCO I/O ST Digital 1/0.

T10SO (0] — Timer1 oscillator output.

T1CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/CCP2 12 12

RCA1 I/O ST Digital 1/0.

T108SI | CMOS Timer1 oscillator input.

CCP2 I/O ST Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 13

RC2 I/O ST Digital I/O.

CCP1 /0 ST Capture1 input/Compare1 output/PWM1 output.
RC3/SCK/SCL 14 14

RC3 I/O ST Digital I/O.

SCK /0 ST Synchronous serial clock input/output for SPI mode.

SCL /0 ST Synchronous serial clock input/output for I°C mode
RC4/SDI/SDA 15 15

RC4 I/O ST Digital I/O.

SDI I ST SPI Data In.

SDA /0 ST 12C Data I/O.
RC5/SDO 16 16

RC5 I/O ST Digital I/O.

SDO (0] — SPI Data Out.
RC6/TX/CK 17 17

RC6 I/O ST Digital I/O.

TX (0] — USART Asynchronous Transmit.

CK /0 ST USART Synchronous Clock (see related RX/DT).
RC7/RX/DT 18 18

RC7 I/O ST Digital 1/0.

RX | ST USART Asynchronous Receive.

DT /0 ST USART Synchronous Data (see related TX/CK).
Vss 8,19 | 8, 19 P — Ground reference for logic and I/O pins.
VDD 20 20 P — Positive supply for logic and I/O pins.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

OD = Open Drain (no P diode to VDD)
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3.1 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected. To take advantage of the POR cir-
culitry, just tie the MCLR pin directly (or through a resis-
tor) to VDD. This will eliminate external RC components
usually needed to create a Power-on Reset delay. A
minimum rise rate for VDD is specified
(parameter D004). For a slow rise time, see Figure 3-2.

When the device starts normal operation (i.e., exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating
conditions are met.

FIGURE 3-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW Vbb POWER-UP)
VDD
D R

R1
MCLR
c PIC18FXXX

Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40kQ is recommended to make sure that
the voltage drop across R does not violate
the device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current flow-
ing into MCLR from external capacitor C, in
the event of MCLR/VPP pin breakdown due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

3.2 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out
(parameter 33) only on power-up from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in RESET as long as the PWRT is
active. The PWRT’s time delay allows VDD to rise to an
acceptable level. A configuration bit is provided to
enable/disable the PWRT.

The power-up time delay will vary from chip-to-chip due
to VDD, temperature and process variation. See DC
parameter D033 for details.

3.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter 32). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

3.4 PLL Lock Time-out

With the PLL enabled, the time-out sequence following
a Power-on Reset is different from other Oscillator
modes. A portion of the Power-up Timer is used to pro-
vide a fixed time-out that is sufficient for the PLL to lock
to the main oscillator frequency. This PLL lock time-out
(TPLL) is typically 2 ms and follows the oscillator
start-up time-out (OST).

3.5 Brown-out Reset (BOR)

A configuration bit, BOREN, can disable (if clear/
programmed), or enable (if set) the Brown-out Reset
circuitry. If VDD falls below parameter D005 for greater
than parameter 35, the brown-out situation will reset
the chip. A RESET may not occur if VDD falls below
parameter D005 for less than parameter 35. The chip
will remain in Brown-out Reset until VDD rises above
BVDD. If the Power-up Timer is enabled, it will be
invoked after VDD rises above BVDD; it then will keep
the chip in RESET for an additional time delay
(parameter 33). If VDD drops below BVDD while the
Power-up Timer is running, the chip will go back into a
Brown-out Reset and the Power-up Timer will be initial-
ized. Once VDD rises above BVDD, the Power-up Timer
will execute the additional time delay.

3.6 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, PWRT time-out is invoked after the POR time
delay has expired. Then, OST is activated. The total
time-out will vary based on oscillator configuration and
the status of the PWRT. For example, in RC mode with
the PWRT disabled, there will be no time-out at all.
Figure 3-8, Figure 3-4, Figure 3-5, Figure 3-6 and
Figure 3-7 depict time-out sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire.
Bringing MCLR high will begin execution immediately
(Figure 3-5). This is useful for testing purposes or to
synchronize more than one PIC18FXXX device operat-
ing in parallel.

Table 3-2 shows the RESET conditions for some
Special Function Registers, while Table 3-3 shows the
RESET conditions for all the registers.
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TABLE 4-2: REGISTER FILE SUMMARY (CONTINUED)

File Name | Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘QATEB%"R o'ze;:gz:
OSCCON = = = = = = = SCS  |---- --- 0 21
LVDCON = = IRVST LVDEN LvDL3 LvDL2 LVDL1 LVDLO |--00 0101 191
WDTCON — — — — — — — SWDTE |---- --- o| 203
RCON IPEN — — RI TO PD POR BOR |0--1 11qq|53,28,84
TMR1H Timer1 Register High Byte XXXX XXXX 107
TMR1L Timer1 Register Low Byte XXXX XXXX 107
T1CON rot6 | — | T1ckpst | T1ckpso | T10scEN | TISYNC | TMR1CS | TMR1ON |0-00 0000| 107
TMR2 Timer2 Register 0000 0000 111
PR2 Timer2 Period Register 1111 1111 112
T2CON — | TouTPss | TouTPs2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO [-000 0000| 111
SSPBUF SSP Receive Buffer/Transmit Register XXXX XXXX 125
SSPADD SSP Address Register in 1°C Slave mode. SSP Baud Rate Reload Register in 1°C Master mode. 0000 0000 134
SSPSTAT SMP CKE D/A P S RW UA BF  |0000 0000 126
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 0000 127
SSPCON2 GCEN ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 137
ADRESH [A/D Result Register High Byte xxxx xxxx| 187,188
ADRESL A/D Result Register Low Byte xxxx xxxx| 187,188
ADCONO ADCSH1 ADCSO CHS2 CHSH1 CHSO0 GO/DONE = ADON |0000 00-0 181
ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO |00-- 0000 182
CCPR1H  |Capture/Compare/PWM Register1 High Byte xxxx xxxx| 121,123
CCPR1L Capture/Compare/PWM Register1 Low Byte xxxx xxxx| 121,123
ccpricoN | — |  — | pciBt | DC1Bo | CCP1M3 | CCPiIM2 | CCPiM1 | CCP1MO [--00 oooo| 117
CCPR2H  |Capture/Compare/PWM Register2 High Byte xxxx xxxx| 121,123
CCPR2L Capture/Compare/PWM Register2 Low Byte xxxx xxxx| 121,123
corecoN | — | — | pceBt | pceBo | ccpams | ccpam2 | ccpemit | ccPeMo |--00 oooo| 117
TMR3H Timer3 Register High Byte XXXK KKKX 113
TMR3L Timer3 Register Low Byte XXXK KKKX 113
T3CON RD16 | TaccP2 | Tackpst | Tackpso | Tacopt | TaSYNC | TMRaCS | TMR3ON [0000 0o0o| 113
SPBRG USART1 Baud Rate Generator 0000 0000 168
RCREG USART1 Receive Register 0000 0000 |175,178,
180
TXREG USART1 Transmit Register 0000 0000(173,176,
179
TXSTA CSRC TX9 TXEN SYNC = BRGH TRMT TX9D |0000 -010 166
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |oo000 o000x| 167
EEADR Data EEPROM Address Register 0000 0000| 65,69
EEDATA Data EEPROM Data Register 0000 0000 69
EECON2 Data EEPROM Control Register 2 (not a physical register) — |--on ——-- 65, 69
EECON1 | EEPGD | CFGS | — | FREE | WRERR | WREN WR RD  [xx-0 xo000| 66

Legend: x =unknown, u = unchanged, - = unimplemented, g = value depends on condition

Note 1: RAG6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read '0' in all other Oscillator modes.
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: These registers and bits are reserved on the PIC18F2X2 devices; always maintain these clear.
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8.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are two Peripheral Inter-
rupt Enable Registers (PIE1, PIE2). When IPEN = 0,
the PEIE bit must be set to enable any of these
peripheral interrupts.

REGISTER 8-6: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 RW-0  RW-0  R/MW-0 R/W-0 RW-0 RW-0  R/W-0
PSPIEM | ADIE RCIE TXE | SSPIE | CCP1IE | TMR2IE | TMRIIE
bit 7 bit 0
bit 7 PSPIE(): Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt
bit 5 RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4 TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

bit 2 CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: This bit is reserved on PIC18F2X2 devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set 0’ = Bit is cleared X = Bit is unknown
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9.5 PORTE, TRISE and LATE FIGURE 9-9: PORTEBLOCKDIAGRAM
Registers IN I/0 PORT MODE
This section is only applicable to the PIC18F4X2
devices.
PORTE is a 3-bit wide, bi-directional port. The corre- RD LATE
sponding Data Direction register is TRISE. Setting a [B’S;a
TRISE bit (= 1) will make the corresponding PORTE pin b Q
an input (i.e., put the corresponding output driver in a WA LATE /0 pint"
Hi-Impedance mode). Clearing a TRISE bit (= 0) will or iCKj“
make the corresponding PORTE pin an output (i.e., put PORTE Data Latch
the contents of the output latch on the selected pin). b o
The Data Latch register (LATE) is also memory I8
mapped. Read-modify-write operations on the LATE WR TRISE oK Schmitt
register reads and writes the latched output value for Trigger %7
PORTE. TRIS Latch Input
. . - e Buffer
PORTE has three pins (REO/RD/AN5, RE1/WR/AN6 N
and RE2/CS/AN7) which are individually configurable
as inputs or outputs. These pins have Schmitt Trigger RD TRISE
input buffers. a o
Register 9-1 shows the TRISE register, which also
controls the parallel slave port operation. EN
PORTE pins are multiplexed with analog inputs. When RD PORTE —‘
selected as an analog input, these pins will read as 'O's. - {>°
TRISE controls the direction of the RE pins, even when To A”a'OﬁO’Weﬂer
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when Note 1: I/O pins have diode protection to VoD and Vss.
using them as analog inputs.

Note: On a Power-on Reset, these pins are
configured as analog inputs.

EXAMPLE 9-5: INITIALIZING PORTE

CLRF PORTE

; Initialize PORTE by
; clearing output
; data latches
CLRF LATE ; Alternate method
; to clear output
; data latches
MOVLW 0x07 ; Configure A/D
MOVWF ADCON1 ; for digital inputs
MOVLW 0x05 ; Value used to
; initialize data
; direction
MOVWF TRISE ; Set RE<0> as inputs
; RE<1l> as outputs
; RE<2> as inputs

© 2006 Microchip Technology Inc. DS39564C-page 97
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10.1

Timer0 can operate as a timer or as a counter.

Timer0 Operation

Timer mode is selected by clearing the TOCS bit. In
Timer mode, the Timer0O module will increment every
instruction cycle (without prescaler). If the TMROL reg-
ister is written, the increment is inhibited for the follow-
ing two instruction cycles. The user can work around
this by writing an adjusted value to the TMROL register.

Counter mode is selected by setting the TOCS bit. In
Counter mode, Timer0 will increment, either on every
rising or falling edge of pin RA4/TOCKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit (TOSE). Clearing the TOSE bit selects the ris-
ing edge. Restrictions on the external clock input are
discussed below.

When an external clock input is used for TimerO0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

10.2
An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not readable or writable.

The PSA and TOPS2:TOPSO bits determine the
prescaler assignment and prescale ratio.

Prescaler

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4,.., 1:256 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMROL register (e.g., CLRF TMRO,
MOVWF TMRO, BSF TMRO, x....etc.) will clear the
prescaler count.

10.2.1  SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, (i.e., it can be changed “on-the-fly” during program
execution).

10.3 TimerO0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h in 8-bit mode, or FFFFh
to 0000h in 16-bit mode. This overflow sets the TMROIF
bit. The interrupt can be masked by clearing the
TMROIE bit. The TMROIE bit must be cleared in soft-
ware by the Timer0 module Interrupt Service Routine
before re-enabling this interrupt. The TMRO interrupt
cannot awaken the processor from SLEEP, since the
timer is shut-off during SLEEP.

10.4 16-Bit Mode Timer Reads and

Writes

TMROH is not the high byte of the timer/counter in
16-bit mode, but is actually a buffered version of the
high byte of TimerO0 (refer to Figure 10-2). The high byte
of the Timer0 counter/timer is not directly readable nor
writable. TMROH is updated with the contents of the
high byte of Timer0 during a read of TMROL. This pro-
vides the ability to read all 16-bits of TimerO without
having to verify that the read of the high and low byte
were valid due to a rollover between successive reads
of the high and low byte.

A write to the high byte of Timer0 must also take place
through the TMROH buffer register. Timer0 high byte is
updated with the contents of TMROH when a write
occurs to TMROL. This allows all 16-bits of TimerO to be
updated at once.

Note: Writing to TMROL when the prescaler is
assigned to TimerO will clear the prescaler
count, but will not change the prescaler
assignment.
TABLE 10-1: REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR. BOR All Other
’ RESETS
TMROL TimerO Module Low Byte Register XXXX XXXX | uuuu uuuu
TMROH Timer0 Module High Byte Register 0000 0000 | 0000 0000
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 0000 000x | 0000 000u
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 | TOPS1 | TOPSO | 1111 1111 | 1111 1111
TRISA — PORTA Data Direction Register -111 1111 | -111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by TimerO0.

© 2006 Microchip Technology Inc.
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NOTES:
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15.4 12C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the Standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

¢ Serial clock (SCL) - RC3/SCK/SCL
¢ Serial data (SDA) - RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 15-7: MSSP BLOCK DIAGRAM
(1>*C MODE)
<: Internal
Data Bus
Read ﬁ% Write
RC3/SCK/SCL ‘ SSPBUF reg ‘
lf\

2

Shift
Clock
SSPSR reg
MSb LSb

‘ Match Detect |—> Addr Match

ih

SSPADD reg |

X

RC4/
SDI/ ._|>
SDA

START and Set, Reset
STOP bit Detect [~ S, P bits
(SSPSTAT reg)

15.4.1 REGISTERS

The MSSP module has six registers for I2C operation.
These are:

* MSSP Control Register1 (SSPCON1)

* MSSP Control Register2 (SSPCONZ2)

e MSSP Status Register (SSPSTAT)

¢ Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) - Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON, SSPCON2 and SSPSTAT are the control
and status registers in I°C mode operation. The
SSPCON and SSPCON2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read
only. The upper two bits of the SSPSTAT are read/
write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address
when the SSP is configured in 1°C Slave mode. When
the SSP is configured in Master mode, the lower
seven bits of SSPADD act as the baud rate generator
reload value.

In receive operations, SSPSR and SSPBUF together,
create a double buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double buff-
ered. A write to SSPBUF will write to both SSPBUF and
SSPSR.

DS39564C-page 134
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15.4.2 OPERATION

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPCON<5>).

The SSPCONT1 register allows control of the 12C oper-
ation. Four mode selection bits (SSPCON<3:0>) allow
one of the following 1°C modes to be selected:

* 12C Master mode, clock = OSC/4 (SSPADD +1)

* 12C Slave mode (7-bit address)

* 12C Slave mode (10-bit address)

* 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled

* 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled

* 12C Firmware controlled master operation, slave
is IDLE

Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. To guarantee proper oper-
ation of the module, pull-up resistors must be provided
externally to the SCL and SDA pins.

15.4.3 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The MSSP module
will override the input state with the output data when
required (slave-transmitter).

The I12C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
START and STOP bits

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
load the SSPBUF register with the received value
currently in the SSPSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

* The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

¢ The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set. The
BF bit is cleared by reading the SSPBUF register, while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I°C specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.

15.4.3.1 Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The buffer full bit BF is set.

3. An ACK pulse is generated.

4. MSSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) on the falling
edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write
so the slave device will receive the second address
byte. For a 10-bit address, the first byte would equal
‘11110 A9 A8 0’, where ‘A9’ and ‘A8’ are the two
MSbs of the address. The sequence of events for 10-bit
address is as follows, with steps 7 through 9 for the
slave-transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address. If match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.
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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD | FOsC=40MHz  gpppe 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG

RATE % value % value % value % value

(Kbps) | kgaup ERROR (decimal) | wpayp ERROR (decimal) | ygayp EmrrOR (decimal) | kpayp ERROR (decimal)
03 NA } } NA } } NA } } NA - }

1.2 NA ; ; NA ; ; NA ; ; NA ; ;
24 NA ; ; 2.40 -0.07 214 2.40 -0.15 162 240  +0.16 129
96 9.62 +0.16 64 9.55 -0.54 53 9.53 -0.76 40 947 136 32
192 | 1894  -1.36 32 19.10 -0.54 26 1953  +1.73 19 1953 +1.73 15
768 | 7813  +1.73 7 73.66 -4.09 6 7813  +1.73 4 7813 +173 3
96 | 8920  -6.99 6 10313 +7.42 4 9766  +1.73 3 10417  +8.51 2
300 | 31250  +4.17 1 257.81  -14.06 1 NA ; ; 31250  +4.17 0
500 625  +25.00 0 NA ; ; NA ; ; NA ; ;

HIGH | 625 ; 0 515.63 ; 0 390.63 ; 0 312.50 ; 0
LOW | 244 - 255 2.01 - 255 153 - 255 1.22 ; 255
BAUD | Fosc=16MHz oo 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (decimal) | ypayp ErrOR (decimal) | ygayp ERRoR (decimal) | kpayp ERROR (decimal)
03 NA } ) NA } ) NA } } NA } }

1.2 120 +0.16 207 1.20 +0.16 129 1.20 +0.23 9 1.20 0 65
2.4 240  +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
96 962  +0.16 25 9.77 +1.73 15 9.32 2.90 1 990  +3.13 7
192 | 1923  +0.16 12 1953  +1.73 7 18.64 -2.90 5 19.80  +3.13 3

768 | 8333 4851 2 7813 +1.73 1 11186  +45.65 0 7920  +3.13 0

9 | 8333  -13.19 2 7843 -18.62 1 NA ; ; NA ; ;
300 250  -16.67 0 156.25  -47.92 0 NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;

HIGH | 250 ; 0 156.25 ; 0 111.86 ; 0 79.20 ; 0
LOW | 098 - 255 0.61 - 255 0.44 - 255 0.31 ; 255
BAUD | FOSC=4MHz  gpppe 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % va!ue % val_ue % val_ue % va!ue
(Kbps) | kgaup ERROR (decimal)| ypayp ERrom (decimal)| ypayp error (decimal)| kgayp ERROR (decimal)

03 0.30 016 207 0.30 +0.23 185 0.30 +0.16 51 026 1467 1
1.2 120  +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA ; ;
24 240  +1.67 25 243 +1.32 22 223 -6.99 6 NA ; ;
9.6 8.93 -6.99 6 9.32 -2.90 5 7.81 -18.62 1 NA ; ;
192 | 2083  +851 2 18.64 2.90 2 1563  -18.62 0 NA ; ;
768 | 6250  -18.62 0 5593  -27.17 0 NA ; ; NA ; ;

9% 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 | 0.4 ; 255 0.22 ; 255 0.06 ; 255 0.002 - 255
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18.2 Operation

Depending on the power source for the device voltage,
the voltage normally decreases relatively slowly. This
means that the LVD module does not need to be con-
stantly operating. To decrease the current require-
ments, the LVD circuitry only needs to be enabled for
short periods, where the voltage is checked. After
doing the check, the LVD module may be disabled.

Each time that the LVD module is enabled, the circuitry
requires some time to stabilize. After the circuitry has
stabilized, all status flags may be cleared. The module
will then indicate the proper state of the system.

FIGURE 18-4:

The following steps are needed to set up the LVD
module:

1. Write the value to the LVDL3:LVDLO bits
(LVDCON register), which selects the desired
LVD Trip Point.

2. Ensure that LVD interrupts are disabled (the
LVDIE bit is cleared or the GIE bit is cleared).

3. Enable the LVD module (set the LVDEN bit in
the LVDCON register).

4. Wait for the LVD module to stabilize (the IRVST
bit to become set).

5. Clear the LVD interrupt flag, which may have
falsely become set until the LVD module has
stabilized (clear the LVDIF bit).

6. Enable the LVD interrupt (set the LVDIE and the
GIE bits).

Figure 18-4 shows typical waveforms that the LVD
module may be used to detect.

LOW VOLTAGE DETECT WAVEFORMS

CASE 1:

LVDIF may not be set

R V.

LVDIF

Enable LVD

]
|
Internally Generated '« TIVRST —]

Reference Stable

LVDIF cleared in software

LVDIF

Enable LVD |
I
I

Internally Generated <— TIVRST ]

Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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REGISTER 19-6:

bit 7-4
bit 3

bit 2

bit 1

bit 0

REGISTER 19-7:

bit 7

bit 6

bit 5-0

CONFIGURATION REGISTER 5 LOW (CONFIG5L: BYTE ADDRESS 300008h)

U-0 U-0 U-0 U-0 RIC-1  R/C1  RIC1  RC-
— — — | — | cpa® [cpaW | cp1 | cpo |
bit 7 bit 0

Unimplemented: Read as ‘0’

CP3: Code Protection bit()

1 = Block 3 (006000-007FFFh) not code protected
0 = Block 3 (006000-007FFFh) code protected
CP2: Code Protection bit(")

1 = Block 2 (004000-005FFFh) not code protected
0 = Block 2 (004000-005FFFh) code protected
CP1: Code Protection bit

1 = Block 1 (002000-003FFFh) not code protected
0 = Block 1 (002000-003FFFh) code protected

CPO: Code Protection bit

1 = Block 0 (000200-001FFFh) not code protected
0 = Block 0 (000200-001FFFh) code protected

Note 1: Unimplemented in PIC18FX42 devices; maintain this bit set.

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

CONFIGURATION REGISTER 5 HIGH (CONFIG5H: BYTE ADDRESS 300009h)

RIC1  RI/C-1 U-0 U-0 U-0 U-0 U-0 U-0
CPD CPB - | = 1 = — - | = ]
bit 7 bit 0

CPD: Data EEPROM Code Protection bit

1 = Data EEPROM not code protected
0 = Data EEPROM code protected

CPB: Boot Block Code Protection bit

1 = Boot Block (000000-0001FFh) not code protected
0 = Boot Block (000000-0001FFh) code protected

Unimplemented: Read as ‘0’

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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BTFSC Bit Test File, Skip if Clear
Syntax: [ label] BTFSC f,b[,a]
Operands: 0<f<255
0<b<7
ae [0,1]
Operation: skip if (f<b>) =0
Status Affected:  None
Encoding: ‘ 1011 | bbba | ffff ‘ ffff |
Description: If bit 'b'" in register 'f' is 0, then the
next instruction is skipped.
If bit 'b' is 0, then the next instruction
fetched during the current instruction
execution is discarded, and a NOP is
executed instead, making this a two-
cycle instruction. If ‘a’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Data No
register 'f' operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSC FLAG, 1, O

FALSE
TRUE

Before Instruction

PC

address (HERE)

After Instruction

If FLAG<1>
PC

If FLAG<1>
PC

0;
address (TRUE)

aadress (FALSE)

BTFSS Bit Test File, Skip if Set
Syntax: [ label] BTFSS f,b[,a]
Operands: 0<f<255
0<b<7
ae [0,1]
Operation: skip if (f<b>) = 1
Status Affected:  None
Encoding: ‘ 1010 | bbba ‘ ffff | ffff ‘
Description: If bit 'b" in register 'f' is 1, then the
next instruction is skipped.
If bit 'b" is 1, then the next instruction
fetched during the current instruc-
tion execution, is discarded and a
NOP is executed instead, making this
a two-cycle instruction. If ‘@’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Data No
register 'f' operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSS FLAG, 1, 0
FALSE
TRUE

Before Instruction

PC

address (HERE)

After Instruction

If FLAG<1>
PC

If FLAG<1>
PC

0;

address (FALSE)
1;

address (TRUE)
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RCALL Relative Call RESET Reset

Syntax: [ label] RCALL n Syntax: [ label] RESET

Operands: -1024 <n <1023 Operands: None

Operation: (PC)+2 - TOS, Operation: Reset all registers and flags that
(PC)+2+2n— PC are affected by a MCLR Reset.

Status Affected:  None Status Affected:  All

Encoding: ‘ 1101 | lnnn ‘ nnnn | nnnn ‘ Encoding: ‘ 0000 | 0000 ‘ 1111 | 1111 ‘

Description: Subroutine call with a jump up to Description: This instruction provides a way to
1K from the current location. First, execute a MCLR Reset in software.
return address (PC+2) is pushed Words: 1
onto the stack. Then, add the 2’s
complement number ’2n’ to the PC. Cycles: 1
Since the PC will have incremented Q Cycle Activity:
to fetch the next instruction, the Q1 Q2 Q3 Q4
new gddres; W|I_I be PC+2+2n. Decode Start No No
Thls ms_tructlon is a two-cycle reset operation operation
instruction.

Words: 1 Example: RESET

Cycles: 2 After Instruction

Q Cycle Activity: lF:iIegisters = FRieset ¥a:ue

ags* = eset Value
Q1 Q2 Q3 Q4 9 y
Decode Read literal Process Write to PC
n' Data
Push PC to
stack
No No No No
operation operation operation operation

Example: HERE RCALL Jump

Before Instruction
PC = Address (HERE)

After Instruction

PC = Address (Jump)
TOS=  Address (HERE+2)
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RETFIE Return from Interrupt
Syntax: [label] RETFIE [s]
Operands: s e [0,1]
Operation: (TOS) — PC,
1 — GIE/GIEH or PEIE/GIEL,
ifs=1
(WS) - W,
(STATUSS) — STATUS,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged.
Status Affected: ~ GIE/GIEH, PEIE/GIEL.
Encoding: ‘ 0000 | 0000 ‘ 0001 | 000s ‘
Description: Return from Interrupt. Stack is
popped and Top-of-Stack (TOS) is
loaded into the PC. Interrupts are
enabled by setting either the high
or low priority global interrupt
enable bit. If ‘s’ = 1, the contents of
the shadow registers WS,
STATUSS and BSRS are loaded
into their corresponding registers,
W, STATUS and BSR. If ‘s’ =0, no
update of these registers occurs
(default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No pop PC from
operation operation stack
Set GIEH or
GIEL
No No No No
operation operation operation operation
Example: RETFIE 1
After Interrupt
PC = TOS
w = WS
BSR = BSRS
STATUS = STATUSS
GIE/GIEH, PEIE/GIEL = 1

RETLW Return Literal to W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k—W,
(TOS) — PC,
PCLATU, PCLATH are unchanged
Status Affected:  None
Encoding: ‘ 0000 | 1100 ‘ kkkk | kkkk ‘
Description: W is loaded with the eight-bit literal
'k'. The program counter is loaded
from the top of the stack (the return
address). The high address latch
(PCLATH) remains unchanged.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process  [pop PC from
literal 'k’ Data stack, Write
toW
No No No No
operation operation operation operation
Example:
CALL TABLE ; W contains table
; offset value
; W now has
; table value
TABI..E
ADDWF PCL ; W = offset
RETLW kO ; Begin table
RETLW k1
.RETLW kn ; End of table

Before Instruction

W

= 0x07

After Instruction

W

= value of kn
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21.4 MPLINK Object Linker/
MPLIB Obiject Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can also
link relocatable objects from pre-compiled libraries,
using directives from a linker script.

The MPLIB object librarian is a librarian for pre-
compiled code to be used with the MPLINK object
linker. When a routine from a library is called from
another source file, only the modules that contain that
routine will be linked in with the application. This allows
large libraries to be used efficiently in many different
applications. The MPLIB object librarian manages the
creation and modification of library files.

The MPLINK object linker features include:

¢ Integration with MPASM assembler and MPLAB
C17 and MPLAB C18 C compilers.

¢ Allows all memory areas to be defined as sections
to provide link-time flexibility.

The MPLIB object librarian features include:

* Easier linking because single libraries can be
included instead of many smaller files.

* Helps keep code maintainable by grouping
related modules together.

* Allows libraries to be created and modules to be
added, listed, replaced, deleted or extracted.

21.5 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC-hosted environment by simulating the
PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user-defined key press, to any of the pins. The
execution can be performed in single step, execute
until break, or trace mode.

The MPLAB SIM simulator fully supports symbolic debug-
ging using the MPLAB C17 and the MPLAB C18 C com-
pilers and the MPASM assembler. The software simulator
offers the flexibility to develop and debug code outside of
the laboratory environment, making it an excellent multi-
project software development tool.

21.6 MPLAB ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB ICE universal in-circuit emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PICmicro
microcontrollers (MCUs). Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment (IDE),
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB ICE in-circuit emulator system has been
designed as a real-time emulation system, with
advanced features that are generally found on more
expensive development tools. The PC platform and
Microsoft® Windows environment were chosen to best
make these features available to you, the end user.

21.7 ICEPIC In-Circuit Emulator

The ICEPIC low cost, in-circuit emulator is a solution
for the Microchip Technology PIC16C5X, PIC16C6X,
PIC16C7X and PIC16CXXX families of 8-bit One-
Time-Programmable (OTP) microcontrollers. The mod-
ular system can support different subsets of PIC16C5X
or PIC16CXXX products through the use of inter-
changeable personality modules, or daughter boards.
The emulator is capable of emulating without target
application circuitry being present.
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FIGURE 22-1: PIC18FXX2 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

6.0V
5.5V
5.0V PIC18FXXX
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|
|
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FIGURE 22-2: PIC18LFXX2 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

PIC18LFXXX

4.2V

Voltage

I
I
1
4 MHz 40 MHz
Frequency

FMAX = (16.36 MHZz/V) (VDDAPPMIN — 2.0V) + 4 MHz
Note: VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.
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FIGURE 22-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)

SDO XY . IMSb X bite--;l?---1 >< LSb

SDI

--1 LSb In

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

TABLE 22-12: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

Pa;\;‘zm. Symbol Characteristic Min Max | Units | Conditions
71 TscH SCK input high time Continuous 125Tcy +30 | — ns
71A (Slave mode) Single Byte 40 — | ns |[(Note 1)
72 TscL SCKinput low time Continuous 125Tcy +30 | — ns
72A (Slave mode) Single Byte 40 — | ns |[(Note 1)
73 TdiV2scH, |Setup time of SDI data input to SCK edge 100 — ns
TdiV2scL
73A TB28B Last clock edge of Byte1 to the 1st clock edge of Byte2| 1.5Tcy +40 | — ns |(Note 2)
74 TscH2diL, |Hold time of SDI data input to SCK edge 100 — ns
TscL2diL
75 TdoR SDO data output rise time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
76 TdoF SDO data output fall time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
78 TscR SCK output rise time (Master mode) | PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
79 TscF SCK output fall time (Master mode) |PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
80 TscH2doV, |SDO data output valid after SCK PIC18FXXX — 50 ns
TscL2doV |edge PIC18LFXXX — 150 | ns |Vbp=2V
81 TdoV2scH, |SDO data output setup to SCK edge Tey — ns
TdoV2scL

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.
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