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PIC18F45J10 FAMILY

3.6.1 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 3-2) controls several
aspects of the device clock’'s operation, both in
full-power operation and in power-managed modes.

The System Clock Select bits, SCS<1:0>, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC<2:0> Configura-
tion bits), the secondary clock (Timer1 oscillator) and
the internal oscillator. The clock source changes after
one or more of the bits are written to, following a brief
clock transition interval.

The OSTS (OSCCON<3>) and T1RUN (T1CON<6>)
bits indicate which clock source is currently providing
the device clock. The OSTS bit indicates that the
Oscillator Start-up Timer (OST) has timed out and the
primary clock is providing the device clock in primary
clock modes. The T1RUN bit indicates when the
Timer1 oscillator is providing the device clock in sec-
ondary clock modes. In power-managed modes, only
one of these bits will be set at any time. If neither of
these bits is set, the INTRC is providing the clock, or
the internal oscillator has just started and is not yet
stable.

The IDLEN bit determines if the device goes into Sleep
mode or one of the Idle modes when the SLEEP
instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 4.0
“Power-Managed Modes”.

Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T10SCEN bit in the Timer1 Control regis-
ter (T1CON<3>). If the Timer1 oscillator is
not enabled, then any attempt to select a
secondary clock source when executing a
SLEEP instruction will be ignored.

2. It is recommended that the Timer1
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the Timer1
oscillator starts.

3.6.1.1 System Clock Selection and the
FOSC2 Configuration Bit

The SCS bits are cleared on all forms of Reset. In the
device’s default configuration, this means the primary
oscillator defined by FOSC<1:0> (that is, one of the HC
or EC modes) is used as the primary clock source on
device Resets.

The default clock configuration on Reset can be changed
with the FOSC2 Configuration bit. The effect of this bit is
to set the clock source selected when SCS<1:0> = 00.
When FOSC2 =1 (default), the oscillator source
defined by FOSC<1:0> is selected whenever
SCS<1:0> = 00. When FOSC2 = 0, the INTRC oscillator
is selected whenever SCS<1:0> = 00. Because the SCS
bits are cleared on Reset, the FOSC2 setting also
changes the default oscillator mode on Reset.

Regardless of the setting of FOSC2, INTRC will always
be enabled on device power-up. It will serve as the
clock source until the device has loaded its configura-
tion values from memory. It is at this point that the
FOSC Configuration bits are read and the oscillator
selection of operational mode is made.

Note that either the primary clock or the internal
oscillator will have two bit setting options, at any given
time, depending on the setting of FOSC2.

3.6.2 OSCILLATOR TRANSITIONS

PIC18F45J10 family devices contain circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs dur-
ing the clock switch. The length of this pause is the sum
of two cycles of the old clock source and three to four
cycles of the new clock source. This formula assumes
that the new clock source is stable.

Clock transitions are discussed in greater detail in
Section 4.1.2 “Entering Power-Managed Modes”.

© 2009 Microchip Technology Inc.
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PIC18F45J10 FAMILY

6.3.4 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
the top half of Bank 15 (F80h to FFFh). A list of these
registers is given in Table 6-2 and Table 6-3.

The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,
Resets and interrupts) and those related to the periph-
eral functions. The Reset and Interrupt registers are
described in their respective chapters, while the ALU’s
STATUS register is described later in this section.
Registers related to the operation of a peripheral feature
are described in the chapter for that peripheral.

The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘O’s.

SPECIAL FUNCTION REGISTER MAP FOR PIC18F45J10 FAMILY DEVICES

TABLE 6-2:

Address Name Address Name
FFFh TOSU FDFh| INDF2(®
FFEh TOSH FDEh | POSTINC2(
FFDh TOSL FDDh | POSTDEC2(Y)
FFCh| STKPTR FDCh| PREINC2(®
FFBh| PCLATU FDBh| PLUSW2(1)
FFAh| PCLATH FDAh| FSR2H
FF9h PCL FD%h FSR2L
FF8h| TBLPTRU FD8h| STATUS
FF7h| TBLPTRH FD7h| TMROH
FF6h| TBLPTRL FD6h| TMROL
FF5h|  TABLAT FD5h| TOCON
FF4h| PRODH FD4h — @
FF3h| PRODL FD3h| OSCCON
FF2h| INTCON FD2h — @
FF1h| INTCON2 FD1h| WDTCON
FFOh| INTCON3 FDOh RCON
FEFh| INDFO® FCFh| TMR1H
FEEh | POSTINCOW FCEh| TMRIL
FEDh | POSTDECO® FCDh| T1CON
FECh| PREINCOW FCCh TMR2
FEBh| PLUSWO® FCBh PR2
FEAh| FSROH FCAh| T2CON
FE9h FSROL FC9h| SSP1BUF
FE8h WREG FC8h| SSP1ADD
FE7h| INDF1® FC7h| SSP1STAT
FE6h | POSTINC1® FC6h| SSP1CON1
FE5h | POSTDEC1® FC5h| SSP1CON2
FE4h| PREINC1(® FC4h| ADRESH
FE3h| PLUSW1(® FC3h| ADRESL
FE2h FSR1H FC2h| ADCONO
FE1h FSRIL FC1h| ADCON1
FEOh BSR FCOh| ADCON2

Note 1: This is not a physical register.

2:  Unimplemented registers are read as ‘0’.
3: This register is not available in 28-pin devices.

Address Name Address Name
FBFh| CCPR1H FOFh IPR1
FBEh| CCPRIL FO9Eh PIR1
FBDh| CCP1CON FODh PIE1
FBCh| CCPR2H F9Ch —@
FBBh| CCPR2L F9Bh —@
FBAh| CCP2CON F9AN — @
FBYh —@ F99h —@
FB8h| BAUDCON F98h — @
FB7h | ECCP1DEL® FO7h — @
FB6h| ECCP1AS®) Foeh| TRISE®
FB5h| CVRCON F95h| TRISD®)
FB4h| CMCON F94h TRISC
FB3h —@ F93h TRISB
FB2h — @ F92h TRISA
FB1h — @ F91h — @
FBOh| SPBRGH F90h —@
FAFh| SPBRG F8Fh — @
FAEh| RCREG F8Eh| SSP2BUF
FADh| TXREG F8Dh| LATE®
FACh TXSTA F8Ch| LATD®
FABh| RCSTA F8Bh LATC
FAAh —@ F8Ah LATB
FA9h @ F89h LATA
FA8h — @ F8sh| SSP2ADD®)
FA7h| EECON2® F87h | SSP2STAT®)
FA6h| EECON1 F86h | SSP2CON1()
FA5h IPR3 F85h | SSP2CON2(3)
FA4h PIR3 F84h| PORTE®
FA3h PIE3 F83h| PORTD®)
FA2h IPR2 F82h| PORTC
FA1h PIR2 F81h| PORTB
FAOh PIE2 F80h| PORTA

© 2009 Microchip Technology Inc.
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TABLE 6-3: REGISTER FILE SUMMARY (PIC18F24J10/25J10/44310/45J10) (CONTINUED)

File Name |  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\g‘geB‘g‘R o'ﬁeézgse:
SPBRGH EUSART Baud Rate Generator Register High Byte 0000 0000| 49, 198
SPBRG EUSART Baud Rate Generator Register Low Byte 0000 0000| 49, 198
RCREG EUSART Receive Register 0000 0000| 49, 205
TXREG EUSART Transmit Register XXXX XXXX | 49,203
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010| 49,196
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x | 49,195
EECON2 EEPROM Control Register 2 (not a physical register) 0000 0000| 49,72
EECON1 — — — FREE WRERR WREN WR — ---0 x00- | 49,74
IPR3 SSP2IP BCL2IP — — — — — — 11-- ----| 49,94
PIR3 SSP2IF BCL2IF — — — — — — 00-- ----| 49,90
PIE3 SSP2IE BCL2IE — — — — — — 00-- ----| 49,92
IPR2 OSCFIP CMIP — — BCL1IP — — CCP2IP |11-- 1--1| 49,93
PIR2 OSCFIF CMIF — — BCL1IF — — CCP2IF |00-- 0--0| 49,89
PIE2 OSCFIE CMIE — — BCL1IE — — CCP2IE |00-- 0--0| 49,91
IPR1 PSPIP@ ADIP RCIP TXIP SSP1IP CCP1IP TMR2IP TMR1IP  |1111 1111 49,92
PIR1 PSPIF® ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF |0000 0000| 49,88
PIE1 PSPIE® ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE |0000 0000| 49,91
TRISE® IBF OBF IBOV PSPMODE — TRISE2 TRISE1 TRISEO |0000 -111| 50, 112
TRISD® PORTD Data Direction Control Register 1111 1111 50, 107
TRISC PORTC Data Direction Control Register 1111 1111 50, 104
TRISB PORTB Data Direction Control Register 1111 1111 50, 101
TRISA — — TRISA5 — TRISA3 | TRISA2 TRISA1 | TRISAO |--1- 1111| 50,98
SSP2BUF MSSP2 Receive Buffer/Transmit Register XXXX xxxx| 50, 158
LATE® — — — — — PORTE Data Latch Register ---- -xxx| 50,110

(Read and Write to Data Latch)
LATD® PORTD Data Latch Register (Read and Write to Data Latch) XXXX XXXX | 50,107
LATC PORTC Data Latch Register (Read and Write to Data Latch) XXXX XXXX| 50,104
LATB PORTB Data Latch Register (Read and Write to Data Latch) XXXX XXXX | 50,101
LATA — — | PORTA Data Latch Register (Read and Write to Data Latch) --XX Xxxx| 50,98
SSP2ADD MSSP2 Address Register in [2C™ Slave mode. MSSP2 Baud Rate Reload Register in 12C Master mode. 0000 0000| 50, 158
SSP2STAT SMP CKE D/A P S R/W UA BF 0000 0000| 50, 150,
160

SSP2CONT1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 |0000 0000 501,g151,
SSP2CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000| 50, 164

GCEN ACKSTAT | ADMSK5® | ADMSK4®) | ADMSK3®) | ADMSK2®) | ADMSK1® SEN 0000 0000| 48, 163
PORTE® — — — — — RE2® RE1 REO® |---- -xxx| 50,110
PORTD® RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX Xxxx| 50,107
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XxxX| 50,104
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX Xxxx| 50,101
PORTA — — RA5 — RA3 RA2 RA1 RAO --0- 0000| 50,98
Legend: X =unknown, u = unchanged, - = unimplemented, q = value depends on condition

Note 1. See Section 5.4 “Brown-out Reset (BOR) (PIC18F2XJ10/4XJ10 Devices Only)”.
2:  These registers and/or bits are not implemented on 28-pin devices and are read as ‘0’. Reset values are shown for 40/44-pin devices;
individual unimplemented bits should be interpreted as ‘- .
3:  Alternate names and definitions for these bits when the MSSP module is operating in I2C™ Slave mode. See Section 16.4.3.2 “Address
Masking” for details.
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FIGURE 6-9: COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND
BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED)

Example Instruction: ADDWF, f, d, a (Opcode: 0010 Olda ffff ffff)

When ‘a’ =0 and f > 60h: 000h
The instruction executes in 828: _________
Direct Forced mode. ‘f is inter- Bank 0
preted as a location in the 100h
Access RAM between 060h 00h
and OFFh. This is the same as tﬁfgng son
locations 060h to 07Fh A Bank14 S~ Lo ___] son|
(Bank 0) and F80h to FFFh Valid Range
(Bank 15) of data memory. Feh
Locations below 60h are not Fooh Access RAM
available in this addressing s Bank 15
mode. SFRs

FFFh

Data Memory
When ‘a’ =0 and f < 5Fh: 000h
The instruction executes in Bank 0
Indexed Literal Offset mode. ‘f 080h
is interpreted as an offset to the
address value in FSR2. The 100h [001001da [fFFFFFff |
two are added together to Bank 1
obtain the address of the target - through
“ Bank 14 -

register for the instruction. The
address can be anywhere in | FSRaH | FSRaL |
the data memory space.

FOOh

Note that in this mode, the Bank 15
correct syntax is now: F80hE — — — — — — — 1
ADDWF [k], d SFRs
where ‘K’ is the same as f’. FFFh
Data Memory
BSR
When ‘@’ =1 (all values of f): 000h
The instruction executes in Bank 0 S
. 080h -
Direct mode (also known as
Direct Long mode). ‘f is inter- 100h
preted as a location in one of l
the 16 banks of the data Bank 1 [001001da [fFFffFff |
memory space. The bank is 2 éfﬁi‘%i N
designated by the Bank Select
Register (BSR). The address
can be in any implemented Fooh
bank in the data memory Bank 15
space. Feohl - — — - — _ _ |
SFRs
FFFh

Data Memory

© 2009 Microchip Technology Inc. DS39682E-page 69
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7.4 Erasing Flash Program Memory

The minimum erase block is 1024 bytes. Only through
the use of an external programmer, or through ICSP
control, can larger blocks of program memory be Bulk
Erased. Word Erase in the Flash array is not supported.

When initiating an erase sequence from the micro-
controller itself, a block of 1024 bytes of program
memory is erased. The Most Significant 7 bits of the
TBLPTR<21:10> point to the block being erased.
TBLPTR<9:0> are ignored.

The EECON1 register commands the erase operation.
The WREN bit must be set to enable write operations.
The FREE bit is set to select an erase operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.

7.41 FLASH PROGRAM MEMORY
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load Table Pointer register with address of the
block being erased.

2. Set the WREN and FREE bits (EECON1<2,4>)
to enable the erase operation.

Disable interrupts.

Write 55h to EECONZ2.

Write 0AAh to EECON2.

Set the WR bit. This will begin the erase cycle.

The CPU will stall for duration of the erase for
TIE (see parameter D133B).

8. Re-enable interrupts.

No ok w

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY BLOCK
MOVLW  CODE_ADDR_UPPER | oad TBLPTR with the base
MOWF  TBLPTRU address of the nenory bl ock
MOVLW  CODE_ADDR_HI GH
MOVWF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOVWF  TBLPTRL
ERASE_ROW

BSF EECON1, WREN enable wite to nenory
BSF EECON1, FREE enabl e Erase operation
BCF INTCON, G E di sable interrupts

Requi r ed MOVLW  55h

Sequence MOVWF  EECON2 ; write 55h
MOVLW  0AAh
MOVWF  EECON2 ; write OAAh

BSF EECON1, WR
BSF INTCON, G E

start erase (CPU stall)
re-enable interrupts

DS39682E-page 76
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9.6 INTX Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1 and
RB2/INT2 pins are edge-triggered. If the corresponding
INTEDG«x bit in the INTCONZ2 register is set (= 1), the
interrupt is triggered by a rising edge; if the bit is clear,
the trigger is on the falling edge. When a valid edge
appears on the RBx/INTx pin, the corresponding flag
bit, INTxIF, is set. This interrupt can be disabled by
clearing the corresponding enable bit, INTXIE. Flag bit,
INTxIF, must be cleared in software in the Interrupt
Service Routine before re-enabling the interrupt.

All external interrupts (INTO, INT1 and INT2) can
wake-up the processor from the power-managed
modes if bit INTXIE was set prior to going into the
power-managed modes. If the Global Interrupt Enable
bit, GIE, is set, the processor will branch to the interrupt
vector following wake-up.

Interrupt priority for INT1 and INTZ2 is determined by the
value contained in the interrupt priority bits, INT1IP
(INTCON3<6>) and INT2IP (INTCON3<7>). There is
no priority bit associated with INTO. It is always a
high-priority interrupt source.

EXAMPLE 9-1:

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit, TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL register
pair (FFFFh — 0000h) will set TMROIF. The interrupt
can be enabled/disabled by setting/clearing enable bit,
TMROIE (INTCON<5>). Interrupt priority for TimerO is
determined by the value contained in the interrupt prior-
ity bit, TMROIP (INTCON2<2>). See Section 11.0
“Timer0 Module” for further details on the TimerO
module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack. If a fast
return from interrupt is not used (see Section 6.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 9-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

SAVING STATUS, WREG AND BSR REGISTERS IN RAM

MOVWF W TEMP
MOVFF STATUS, STATUS_TEMP
MOVFF BSR, BSR_TEMWP

USER | SR CODE
MOVFF BSR TEMP, BSR

MOVF WTEMP, W
MOVFF STATUS_TEMP, STATUS

;. WTEMP is in virtual bank
STATUS_TEMP | ocat ed anywhere
BSR_TMEP | ocat ed anywhere

Rest ore BSR
Rest ore WREG
Rest ore STATUS

© 2009 Microchip Technology Inc.
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TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
PORTA — — RA5 — RA3 RA2 RA1 RAO 50
LATA — — PORTA Data Latch Register (Read and Write to Data Latch) 50
TRISA — — TRISA5 — TRISA3 | TRISA2 | TRISA1 | TRISAO 50
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 PCFGO 48
CMCON C20UT | c10uUT C2INV C1INV CIS CM2 CM1 CMO 49
CVRCON CVREN | CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 49
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTA.
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16.4.2 OPERATION

The MSSP module functions are enabled by setting the
MSSP Enable bit, SSPEN (SSPXCON1<5>).

The SSPxCON1 register allows control of the 1°C
operation. Four mode selection bits
(SSPXCON1<3:0>) allow one of the following I%C
modes to be selected:

« 12C Master mode,
clock = (FOSC/4) x (SSPXADD + 1)

+ 12C Slave mode (7-bit address)

« I12C 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 mode,
slave is Idle

Selection of any 12c mode, with the SSPEN bit set,
forces the SCLx and SDAXx pins to be open-drain,
provided these pins are programmed to inputs by
setting the appropriate TRISC or TRISD bits. To ensure
proper operation of the module, pull-up resistors must
be provided externally to the SCLx and SDAX pins.

16.4.3 SLAVE MODE

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

The 12C Slave mode hardware will always generate an
interrupt on an exact address match. In addition,
address masking will also allow the hardware to gener-
ate an interrupt for more than one address (up to 31 in
7-bit addressing and up to 63 in 10-bit addressing).
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 auto-
matically will generate the Acknowledge (ACK) pulse
and load the SSPxBUF register with the received value
currently in the SSPxSR register.

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

» The Buffer Full bit, BF (SSPxSTAT<0>), was set
before the transfer was received.

¢ The MSSP Overflow bit, SSPOV
(SSPxCON1<6>), was set before the transfer was
received.

In this case, the SSPxSR register value is not loaded
into the SSPxBUF, but the SSPxIF bit is set. The BF bit
is cleared by reading the SSPxBUF register, while the
SSPOV bit is cleared through software.

The SCLx clock input must have a minimum high and
low for proper operation. The high and low times of the
12c specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.

16.4.3.1

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

Addressing

1. The SSPxSR register value is loaded into the
SSPxBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. The MSSP Interrupt Flag bit, SSPxIF, is set (and
interrupt is generated, if enabled) on the falling
edge of the ninth SCLx pulse.

w

In 10-Bit Addressing 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 (SSPxSTAT<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 Addressing
mode is as follows, with steps 7 through 9 for the
slave-transmitter:

1. Receive first (high) byte of address (bits,
SSPxIF, BF and UA (SSPxSTAT<1>), are set).

2. Update the SSPxADD register with second (low)
byte of address (clears bit, UA, and releases the
SCLx line).

3. Read the SSPxBUF register (clears bit, BF) and
clear flag bit, SSPxIF.

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

5. Update the SSPxADD register with the first
(high) byte of address. If match releases SCLx
line, this will clear bit, UA.

6. Read the SSPxBUF register (clears bit, BF) and
clear flag bit, SSPxIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits,
SSPxIF and BF, are set).

9. Read the SSPxBUF register (clears bit, BF) and
clear flag bit, SSPxIF.

DS39682E-page 164
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=0 (RECEPTION, 10-BIT ADDRESSING)

I2C™ SLAVE MODE TIMING WITH SEN

FIGURE 16-10:
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PIC18F45J10 FAMILY

I°C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESSING)

FIGURE 16-11:
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After the A/D module has been configured as desired, 2. Configure A/D interrupt (if desired):
the selected channel must be acquired before the « Clear ADIF bit
conversion is started. The analog input channels must « Set ADIE bit

have their corresponding TRIS bits selected as an

input. To determine acquisition time, see Section 18.1 : S.et GIE b't_ o . .
“A/D Acquisition Requirements”. After this acquisi- 3. Wait the required acquisition time (if required).
tion time has elapsed, the A/D conversion can be 4. Start conversion:

started. An acquisition time can be programmed to « Set GO/DONE bit (ADCONO0<1>)

occur between setting the GO/DONE bit and the actual 5. Wait for A/D conversion to complete, by either:

start of the conversion. + Polling for the GO/DONE bit to be cleared

OR

» Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL);
clear bit, ADIF, if required.

7. For next conversion, go to step 1 or step 2, as

The following steps should be followed to do an A/D
conversion:
1. Configure the A/D module:

» Configure analog pins, voltage reference and
digital I/O (ADCON1)

» Select A/D input channel (ADCONO)
» Select A/D acquisition time (ADCON2)
» Select A/D conversion clock (ADCON2)

required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before next acquisition starts.

e Turn on A/D module (ADCONO)

FIGURE 18-2: ANALOG INPUT MODEL

<
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Sampling

Switch
vr=06v .

Rc<tk 'S5 Rss

1>—N—¢>—N—|

%

VT = 0.6V [:fgg/;ilf —— CHoLb =25pF
- e lVSS
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to VDD \
various junctions
Ric = Interconnect Resistance
SS = Sampling Switch
CHOLD = Sample/Hold Capacitance (from DAC) -
Rss = Sampling Switch Resistance 1 2 3 4
Sampling Switch (kQ)
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: BNC n Syntax: BNN n
Operands: -128 <n <127 Operands: -128 <n <127
Operation: if Carry bit is ‘0’, Operation: if Negative bit is ‘0’,
(PC)+2+2n—>PC (PC)+2+2n—>PC
Status Affected: None Status Affected: None
Encoding: ‘ 1110 | 0011 ‘ nnnn | nnnn ‘ Encoding: ‘ 1110 | 0111 ‘ nnnn | nnnn ‘
Description: If the Carry bit is ‘0’, then the program Description: If the Negative bit is ‘0’, then the
will branch. program will branch.
The 2’s complement number, 2n’, is The 2’s complement number, 2n’, is
added to the PC. Since the PC will have added to the PC. Since the PC will have
incremented to fetch the next incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is then a PC + 2 + 2n. This instruction is then a
two-cycle instruction. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC Decode Read literal Process Write to PC
‘n’ Data n’ Data
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
‘n’ Data operation ‘n’ Data operation
Example: HERE BNC Junp Example: HERE BNN  Junp
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Carry = 0 If Negative = 0
PC = address (Jump) PC = address (Jump)
If Carry = 1 If Negative = 1
PC = address (HERE + 2) PC = address (HERE + 2)
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BTFSC Bit Test File, Skip if Clear

Syntax: 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 [ ffft [ frff |

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 is selected. If
‘a’is ‘1", the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates in
Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh).
See Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

BTFSS Bit Test File, Skip if Set
Syntax: BTFSS f, b {,a}
Operands: 0<f<255
0<b<7
ae[01]
Operation: skip if (f<b>) =1

Status Affected: None
\ 1010 | bbba ‘ fEff | fEff ‘

If bit ‘b’ in register ' is ‘1’, then the next
instruction is skipped. If bit ‘b’ is ‘1’, 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 is selected. If
‘a’is ‘1", the BSR is used to select the
GPR bank (default).

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh).

See Section 22.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Encoding:

Description:

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

Before Instruction

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data 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

Q1 Q2 Q3 Q4
Decode Read Process No
register f’ Data 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, O
FALSE
TRUE

PC =  address ( HERE)
After Instruction
If FLAG<1> = 0;
PC = address ( TRUE)
If FLAG<1> = f1;
PC = address ( FALSE)

PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = f1;
PC = address ( TRUE)
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22.2.5 SPECIAL CONSIDERATIONS WITH
MICROCHIP MPLAB® IDE TOOLS

The latest versions of Microchip’s software tools have
been designed to fully support the extended instruction
set of the PIC18F45J10 family of devices. This includes
the MPLAB C18 C compiler, MPASM assembly lan-
guage and MPLAB Integrated Development
Environment (IDE).

When selecting a target device for software
development, MPLAB IDE will automatically set default
Configuration bits for that device. The default setting for
the XINST Configuration bit is ‘0’, disabling the
extended instruction set and Indexed Literal Offset
Addressing mode. For proper execution of applications
developed to take advantage of the extended
instruction set, XINST must be set during
programming.

To develop software for the extended instruction set,
the user must enable support for the instructions and
the Indexed Addressing mode in their language tool(s).
Depending on the environment being used, this may be
done in several ways:

» A menu option, or dialog box within the
environment, that allows the user to configure the
language tool and its settings for the project

* A command line option
+ A directive in the source code

These options vary between different compilers,
assemblers and development environments. Users are
encouraged to review the documentation accompany-
ing their development systems for the appropriate
information.
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TABLE 24-1: MEMORY PROGRAMMING REQUIREMENTS

DC CHARACTERISTICS

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

Programming

Pir:m Sym Characteristic Min Typt Max | Units Conditions
Program Flash Memory
D130 |EP Cell Endurance 100 1K — E/W |-40°C to +85°C
D131 |VPR |VDD for Read VMIN — 3.6 V  |[VMIN = Minimum operating
voltage
D132B |VPEwW |Voltage for Self-Timed Erase or
Write:
VDD 27 — 3.6 V  |PIC18FXXJ10
VDDCORE 2.25 — 27 V  |PIC18LFXXJ10
D133A |Tiw Self-Timed Write Cycle Time — 2.8 — ms
D133B |TIE Self-Timed Page Erased Cycle — 33.0 — ms
Time
D134 |TReTD |Characteristic Retention 20 — — Year |Provided no other
specifications are violated
D135 |IbbP  |Supply Current during — 10 — mA

1 Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

© 2009 Microchip Technology Inc.
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2442 TIMING CONDITIONS

The temperature and voltages specified in Table 24-5
apply to all timing specifications unless otherwise
noted. Figure 24-3 specifies the load conditions for the

timing specifications.

TABLE 24-5: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature
Operating voltage VDD range as described in DC spec Section 24.1 and
Section 24.3.

-40°C < TA<+85°C for industrial

FIGURE 24-3:

LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load Condition 1

\VDD/2

RL

Pin _T_ Cu

Vss

Load Condition 2

Pin T CL
Vss
RL = 4640
CL = 50 pF for all pins except OSC2/CLKO

and including D and E outputs as ports

CL = 15pF for OSC2/CLKO
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44-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
D1
OO00000000]
— —
‘ — —
— —
— — E
— —
e —_ —
— — E1
— —
o NS —
" —
=N =
b
NorE - guguuouuout ]
123
NOTE 2 /\\
A o
o1 %
\‘ T T
A1 Az—T
L — =111
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.30 0.37 0.45
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. Chamfers at corners are optional; size may vary.

2
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-076B

© 2009 Microchip Technology Inc.
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Multi-Master Communication, Bus Collision
and Arbitration ... 186

Multi-Master Mode ... .

OPEration ........coceiiiieiiieiere et

Read/Write Bit Information (R/W Bit) .o 164, 166

Registers ...

Serial Clock (SCKx/SCLXx) ...

Slave Mode ........cccocevriieneene .

AdAresSiNg ....oooovueieiiiiieee s
Reception ..o
Transmission ....

Sleep Operation ..........

Stop Condition Timing . .
INCF e
INCFSZ ... e
In-Circuit Debugger
In-Circuit Serial Programming (ICSP) ........cccccceeee. 235, 247
Indexed Literal Offset Addressing

and Standard PIC18 Instructions ............cccccvveenen. 296
Indexed Literal Offset Mode ..........ccceeiiiriiiiicnninnienen. 296
Indirect Addressing
INFSNZ ...
Initialization Conditions for All Registers .............c........
Instruction Cycle ........ccoceveiviiiiiiiiccn,

Clocking Scheme ........
Instruction Flow/Pipelining ..
Instruction Set ...,

ADDLW .

ADDWEF ..o

ADDWEF (Indexed Literal Offset Mode) .

ADDWFC ..o

BTFSC . 262

COMF
CPFSEQ ...
CPFSGT .o
CPFSLT e

DCFSNZ .. .
DECF e
DECFSZ ..o
Extended Instruction Set ....

INCFSZ ..o 271
INFSNZ ..o 271

RESET ettt 279
RETFIE .o 280
RETLW et 280
RETURN ..o 281
RRCF e 282
RRNCF .. 283
SETF e .283
SETF (Indexed Literal Offset Mode) .. 297
SLEEP . 284
Standard Instructions ............cccooiiiiiiiiiee 249
SUBFWB .......cccovneeen.
SUBLW ...
SUBWEF ... .
SUBWEFB ..ot
SWAPF e
TBLWT e
TSTFSZ e
XORLW e
XORWE ettt
INTCON REGISLEIS ....oeeiiiiieiiiieiiieeeeie e 85
Inter-Integrated Circuit. See 12C Mode.
Internal Oscillator BIOCK ..........coooieiiiiiiiiie e 30
Internal RC Oscillator
Use with WDT ... .. 242
Internet Address ..... .. 363
INterrupt SOUMCES .....oooviiiiiiie e 235
A/D Conversion Complete .......ccccoevvcieniinienneenenn. 219
Capture Complete (CCP) ...coocveeeiiiiieiieeeeeeeee 129
Compare Complete (CCP) ......eevevvieeeiiiieiiieceeieee 130
Interrupt-on-Change (RB7:RB4) .. .. 101
INTX PIN o 95
PORTB, Interrupt-on-Change ..........cccccviiiiiiniiennns 95
TMRO
TMRO OVErflOW .....ooiiiiiiieiie e 117
TMR1 OVerflow .......cccooviiiiiiiiiiii 119
TMR2-to-PR2 Match (PWM) ......cccocoviviiiinnn 132, 137
INTEITUPES ... 83

Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4)
Flag (RBIF Bit) ..cccoooiiiiiieiiiceeicee e 101
INTOSC, INTRC. See Internal Oscillator Block.
IORLW ... .
IORWF .......... .. 272
IPR REGISIEIS ...t 92
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L
LESR e 273
M
Master Clear (MCLRY) .......ooiiiiiiiiieieeeeeee s 43
Master Synchronous Serial Port (MSSP). See MSSP.
Memory Organization ............cccceiiieieiiiieeie e
Data MemOry .....cooiiiiiiieie e
Program Memory .......cccccoooiimiiinieieeeeeee e
Memory Programming Requirements ...
Microchip Internet Web Site .......cccevvveeeiiiiiiiiieeeeeieens
MOVF .t 273
MOVFF ... ..274
MOVLB ...ttt 274
MOVLW et 275

MPLAB ASM30 Assembler, Linker, Librarian .
MPLAB ICD 2 In-Circuit Debugger ........c.ccccovveeeiniieennns
MPLAB ICE 2000 High-Performance

Universal In-Circuit Emulator ...........cccooieiiiiennnns 301
MPLAB Integrated Development

Environment Software ...........ccoccoiiiiiiiiie s
MPLAB PM3 Device Programmer
MPLAB REAL ICE In-Circuit Emulator System ................ 301
MPLINK Object Linker/MPLIB Object Librarian ............... 300
MSSP

ACK PUISE ...

Control Registers (general)

I°C Mode. See I°C Mode.

Module OVEIVIEW .......evvviiieeieiiiieee e 149
SPI Master/Slave Connection . ...153
SSPxBUF Register ................. ... 154

SSPxSR Register ...

MULLW e ..276
MULWE oot 276
N
NEGF ..ottt 277
NOP e 277
Notable Differences Between PIC18F4520

and PIC18F45J10 Families .........cccceeevveeeiieeeeeieee 350

Oscillator Options

Peripherals .............

Pinouts .......cccciveininenne

HSPLL oo 27
Internal Oscillator Block ............cooeeiiiiiiiiiiiieicee. 30
INTRC e 27

Oscillator Selection ..................... ...235
Oscillator Start-up Timer (OST) ....ccccoeoeeiiiniiieeeeeeen 33
Oscillator SWitChing ........cccoviiiiiiiiii e 30

Oscillator Transitions .........ccceoeeiiiiiiee i 31
(@Yol 11 =1 (o) N T 4T o IS 119

P
Packaging Information ...........cccoooiiiiiiiiiiicees 337
Detalls ..o

Marking
Parallel Slave Port (PSP) .......ccccciviiiiieiiiiieeiieees 107, 113

Associated Registers ..., 114

CS (Chip Select)

PORTD ..ottt

RD (Read Input)

Select (PSPMODE Bit) .

WR (Write INPpUt) ..oooeeeeiiiiee e
PICSTART Plus Development Programmer .................... 302
PIE REGISLErS ....eoiieiiiiee et 90
Pin Functions

MCLR e 12,16

OSCA/CLKI e 12,16

OSC2/CLKO ...ttt 12,16

RAO/AND ...t 13,17

RAT/ANT Lo 13,17

RA2/AN2/VREF-/CVREF ......cccoiviiiiiiiiiiiiieiiee e 13,17

RA3/AN3/VREF+ ..o 13,17

RAS5/AN4/SST/C20UT ..o 13,17

RBO/INTO/FLTO/ANT2 ..o 14,18

RBA/INTA/ANTO .o 14,18

RB2/INT2/ANS ..o 14,18

RB3/ANO/CCP2 ... 14,18

RB4/KBIO/ANTT .o 14,18

RB5/KBIT/CTOUT ..ot 18

RB5/KBI1/TOCKI/CTOUT ..ot 14

RB6/KBI2/PGC

RB7/KBI3/PGD

RCO/T1OSO/TACKI oo 15,19

RC1/T10Sl/CCP2

RC2/CCPT .o

RC2/CCPI/PTA e

RC3/SCK1/SCL1 ...

RCA4/SDIT/SDAT oo

RC5/SDOT ...ttt

RC6/TX/CK ...

RC7/RX/IDT oottt

RDO/PSPO/SCK2/SCL2 ......occuviiiiiiieeiiieie e 20

RD1/PSP1/SDI2/SDA2

RD2/PSP2/SDO2 ........cocooviieiiiiiieccis

RD3/PSP3/SS2 ..ot

RD4/PSP4

RD5/PSPS5/PAB ..ottt

RDB/PSPB/PIC ....ooiviiiiiieiieeieeeee e

RD7/PSP7/P1D ..

REO/RD/AN5 ......

RE1/WR/ANG ...

RE2/CS/ANT ...

VDD ..ovviiiiieeeee

VDDCORE/VCAP ...

VS ittt
Pinout 1/O Descriptions

PIC18F24J10/25J10 ..ocuviiiiiiiiiiie e 12

PIC18F44J10/45J10 ..ocviiiiiiiiiiiie e 16
PIR REQISIErS ....eeiiiiiiiie ettt 88
PLL Frequency Multiplier ... 29

ECPLL Oscillator Mode .........ccccceeviieeiiiieeciieeeen 29

HSPLL Oscillator Mode .........ccccoeveiiieeeiie e 29
POP s 278

POR. See Power-on Reset.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like areply? Y N

Device: PIC18F45J10 Family Literature Number: DS39682E
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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