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PIC18F47J13 FAMILY

TABLE 1-4: PIC18F4XJ13 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number Bi Buff
. in uffer L
Pin Name 44- | 44- |Type | Type Description
QFN |TQFP
PORTB (continued)
RB4/CCP4/PMA1/KBIO/RP7 140) | 140)
RB4 I/O |TTL/DIG Digital 1/0.
ccp4@ /O | ST/DIG Capture/Compare/PWM input/output.
PMA1(2) /O |STMTY Parallel Master Port address.
DIG
KBIO | TTL Interrupt-on-change pin.
RP7 /O | ST/DIG Remappable Peripheral Pin 7 input/output.
RB5/CCP5/PMAO/KBI1/RP8 15(3) | 15()
RB5 /O |TTL/DIG Digital I/0.
CCP5 /0 | ST/DIG Capture/Compare/PWM input/output.
PMAO(2) I/0 |STATL/| Parallel Master Port address.
DIG
KBI1 | TTL Interrupt-on-change pin.
RP8 /O | ST/DIG Remappable Peripheral Pin 8 input/output.
RB6/CCP6/KBI2/PGC/RP9 1603 | 1603)
RB6 I/O |TTL/DIG Digital 1/0.
CCP6 /O | ST/DIG Capture/Compare/PWM input/output.
KBI2 | TTL Interrupt-on-change pin.
PGC | ST ICSP™ clock input.
RP9 /O | ST/DIG Remappable Peripheral Pin 9 input/output.
RB7/CCP7/KBI3/PGD/RP10 170 | 176)
RB7 I/O |TTL/DIG Digital 1/0.
CCP7 /O | ST/DIG Capture/Compare/PWM input/output.
KBI3 | TTL Interrupt-on-change pin.
PGD I/O | ST/DIG In-Circuit Debugger and ICSP programming
data pin.
RP10 /O | ST/DIG Remappable Peripheral Pin 10 input/output.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input O = Output
P =Power oD = Open-Drain (no P diode to VDD)
DIG = Digital output 1’c = Open-Drain, I°C specific

Note 1: RA7 and RAG6 will be disabled if OSC1 and OSC2 are used for the clock function.
2: Available only on 44-pin devices (PIC18F46J13, PIC18F47J13, PIC18LF46J13 and PIC18LF47J13).
3: 5.5V tolerant.
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3.3 Clock Sources and Oscillator
Switching

Like previous PIC18 enhanced devices, the
PIC18F47J13 Family includes a feature that allows the
device clock source to be switched from the main
oscillator to an alternate, low-frequency clock source.
PIC18F47J13 Family devices offer two alternate clock
sources. When an alternate clock source is enabled,
the various power-managed operating modes are
available.

Essentially, there are three clock sources for these
devices:

* Primary Oscillators
» Secondary Oscillators
* Internal Oscillator Block

The Primary Oscillators include the External Crystal
and Resonator modes, the External Clock modes and
the internal oscillator block. The particular mode is
defined by the FOSC<2:0> Configuration bits. The
details of these modes are covered earlier in this
chapter.

The Secondary Oscillators are external sources that
are not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode.

PIC18F47J13 Family devices offer the Timer1 oscillator
as a secondary oscillator. This oscillator, in all
power-managed modes, is often the time base for
functions such as a Real-Time Clock (RTC). Most often,
a 32.768 kHz watch crystal is connected between the
RCO0/T10SO/T1CKI/RP11 and RC1/CCP8/T10SI/RP12
pins. Like the HS Oscillator mode circuits, loading
capacitors are also connected from each pin to ground.
The Timer1 oscillator is discussed in larger detail in
Section 13.5 “Timer1 Oscillator”.

In addition to being a primary clock source, the
postscaled internal clock is available as a
power-managed mode clock source. The INTRC
source is also used as the clock source for several
special features, such as the WDT and Fail-Safe Clock
Monitor (FSCM).

3.3.1 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 postscaled internal clock.The clock source changes
immediately, after one or more of the bits is written to,
following a brief clock transition interval. The SCS bits
are cleared on all forms of Reset.

The Internal Oscillator Frequency Select bits,
IRCF<2:0>, select the frequency output provided on the
postscaled internal clock line. The choices are the
INTRC source, the INTOSC source (8 MHz) or one of
the frequencies derived from the INTOSC postscaler
(31 kHz to 4 MHz). If the postscaled internal clock is
supplying the device clock, changing the states of these
bits will have an immediate change on the internal oscil-
lator’s output. On device Resets, the default output
frequency of the INTOSC postscaler is set at 4 MHz.

When an output frequency of 31kHz is selected
(IRCF<2:0> = 000), users may choose the internal
oscillator, which acts as the source. This is done with
the INTSRC bit in the OSCTUNE register
(OSCTUNE<7>). Setting this bit selects INTOSC as a
31.25 kHz clock source by enabling the divide-by-256
output of the INTOSC postscaler. Clearing INTSRC
selects INTRC (nominally 31 kHz) as the clock source.

This option allows users to select the tunable and more
precise INTOSC as a clock source, while maintaining
power savings with a very low clock speed. Regardless
of the setting of INTSRC, INTRC always remains the
clock source for features such as the WDT and the
FSCM.

The OSTS and SOSCRUN 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 SOSCRUN bit (OSC-
CON2<6>) indicates when the Timer1 oscillator is
providing the device clock in secondary clock modes. In
power-managed modes, only one of these bits will be set
at any time. If none of these bits are set, the INTRC is
providing the clock or the internal oscillator block 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.
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3.4 Reference Clock Output

In addition to the peripheral clock/4 output in certain
oscillator modes, the device clock in the PIC18F47J13
Family can also be configured to provide a reference
clock output signal to a port pin. This feature is avail-
able in all oscillator configurations and allows the user
to select a greater range of clock submultiples to drive
external devices in the application.

This reference clock output is controlled by the
REFOCON register (Register 3-4). Setting the ROON
bit (REFOCON<7>) makes the clock signal available
on the REFO (RB2) pin. The RODIV<3:0> bits enable
the selection of 16 different clock divider options.

The ROSSLP and ROSEL bits (REFOCON<5:4>)
control the availability of the reference output during
Sleep mode. The ROSEL bit determines if the oscillator
is on OSC1 and OSC2, or the current system clock
source is used for the reference clock output. The
ROSSLP bit determines if the reference source is
available on RB2 when the device is in Sleep mode.

To use the reference clock output in Sleep mode, both
the ROSSLP and ROSEL bits must be set. The device
clock must also be configured for an EC or HS mode;
otherwise, the oscillator on OSC1 and OSC2 will be
powered down when the device enters Sleep mode.
Clearing the ROSEL bit allows the reference output
frequency to change as the system clock changes
during any clock switches.

REGISTER 3-4: REFOCON: REFERENCE OSCILLATOR CONTROL REGISTER (BANKED F3Dh)
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ROON — ROSSLP ROSEL RODIV3 RODIV2 ‘ RODIV1 | RODIVO

bit 7 bit 0

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

bit 7 ROON: Reference Oscillator Output Enable bit

1 = Reference oscillator is enabled on REFO pin

0 = Reference oscillator is disabled
bit 6 Unimplemented: Read as ‘0’

bit 5 ROSSLP: Reference Oscillator Output Stop in Sleep bit
1 = Reference oscillator continues to run in Sleep

0 = Reference oscillator is disabled in Sleep

bit 4 ROSEL.: Reference Oscillator Source Select bit

1 = Primary oscillator crystal/resonator is used as the base clock(")
0 = System clock (FOsC) is used as the base clock; the base clock reflects any clock switching of the device

bit 3-0 RODIV<3:0>: Reference Oscillator Divisor Select bits
1111 = Base clock value divided by 32,768
1110 = Base clock value divided by 16,384
1101 = Base clock value divided by 8,192
1100 = Base clock value divided by 4,096
1011 = Base clock value divided by 2,048
1010 = Base clock value divided by 1,024
1001 = Base clock value divided by 512
1000 = Base clock value divided by 256
0111 = Base clock value divided by 128
0110 = Base clock value divided by 64
0101 = Base clock value divided by 32
0100 = Base clock value divided by 16
0011 = Base clock value divided by 8
0010 = Base clock value divided by 4
0001 = Base clock value divided by 2
0000 = Base clock value

Note 1:

Sleep mode.

The crystal oscillator must be enabled using the FOSC<2:0> bits; the crystal maintains the operation in
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10.3 PORTB, TRISB and LATB
Registers

PORTB is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

EXAMPLE 10-3: INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
CLRF LATB ; Alternate method
; to clear output
; data latches

MOVLB 0xOF ; ANCON1 not in Access

; Bank
MOVLW 0x17 ; Configure as digital I/0
MOVWE  ANCON1 ; pins in this example
MOVLW OxCF ; Value used to

; initialize data

; direction
MOVWE TRISB ; Set RB<3:0> as inputs

;  RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit, RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a POR. The integrated weak pull-ups
consist of a semiconductor structure similar to, but
somewhat different from, a discrete resistor. On an
unloaded I/O pin, the weak pull-ups are intended to
provide logic high indication, but will not necessarily
pull the pin all the way to VDD levels.

Note: On a POR, the RB<3:0> bits are
configured as analog inputs by default and
read as ‘0’; RB<7:4> bits are configured
as digital inputs.

Four of the PORTB pins (RB<7:4>) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB<7:4>)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB<7:4>
are ORed together to generate the RB Port Change
Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from Sleep mode or
any of the Idle modes. Application software can clear
the interrupt flag by following these steps:

1. Any read or write of PORTB (except with the
MOVFF (ANY), PORTB instruction).

2. Wait one instruction cycle (such as executing a
NOP instruction).

3. Clear flag bit, RBIF.

A mismatch condition continues to set flag bit, RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit, RBIF, to be cleared after one instruction
cycle of delay.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

The RB5 pin is multiplexed with the Timer0 module
clock input and one of the comparator outputs to
become the RB5/CCP5/PMAOQ/KBI1/RP8 pin.
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TABLE 10-9: PORTD I/0O SUMMARY

Pin Function S-I(;th::g /10 nge Description
RDO/PMDO/ RDO 1 | ST |PORTD<0> data input.
SCL2 0 O | DIG |LATD<0> data output.
PMDO(M 1 | | ST/TTL| Parallel Master Port data in.
0 (0] DIG |Parallel Master Port data out.
scL2 1 | I2C/ | 12C clock input (MSSP2 module); input type depends on the
SMB | module setting.
0 (0] DIG |IC clock output (MSSP2 module); takes priority over port data.
RD1/PMD1/ RD1 1 | ST |PORTD<1> data input.
SDA2 0 O | DIG |LATD<1> data output.
PMD1(") 1 | | ST/TTL| Parallel Master Port data in.
0 (0] DIG |Parallel Master Port data out.
spA2() 1 | 12C/ |I12C data input (MSSP2 module); input type depends on
SMB |the module setting.
0 (0] DIG |I°C data output (MSSP2 module); takes priority over port data.
RD2/PMD2/ RD2 1 | ST |PORTD<2> data input.
RP19 0 O | DIG |LATD<2> data output.
PMD2(") 1 | | ST/TTL| Parallel Master Port data in.
0 (0] DIG |Parallel Master Port data out.
RP19 1 | ST |Remappable Peripheral Pin 19 input.
0 (0] DIG |Remappable Peripheral Pin 19 output.
RD3/PMD3/ RD3 1 | ST |PORTD<3> data input.
RP20 0 O | DIG |LATD<3> data output.
PMD3(") 1 | | ST/TTL| Parallel Master Port data in.
0 (0] DIG |Parallel Master Port data out.
RP20 1 | ST |Remappable Peripheral Pin 20 input.
0 (0] DIG |Remappable Peripheral Pin 20 output.
RD4/PMD4/ RD4 1 | ST |PORTD<4> data input.
RP21 0 O | DIG |LATD<4> data output.
PMD4(") 1 | | ST/TTL| Parallel Master Port data in.
0 (0] DIG |Parallel Master Port data out.
RP21 1 | ST |Remappable Peripheral Pin 21 input.
0 (0] DIG |Remappable Peripheral Pin 21 output.
RD5/PMD5/ RD5 1 | ST |PORTD<5> data input.
RP22 0 O | DIG |LATD<5> data output.
PMD5(") 1 | | ST/TTL| Parallel Master Port data in.
0 (0] DIG |Parallel Master Port data out.
RP22 1 | ST |Remappable Peripheral Pin 22 input.
0 (0] DIG |Remappable Peripheral Pin 22 output.

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; I°C/SMB = I°C/SMBus
input buffer; x = Don’t care (TRISx bit does not affect port direction or is overridden for this option).

Note 1: Only on 44-pin devices (PIC18F46J13, PIC18F47J13, PIC18LF46J13 and PIC18LF47J13).
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11.1  Module Registers

The PMP module has a total of 14 Special Function
Registers (SFRs) for its operation, plus one additional
register to set configuration options. Of these, eight
registers are used for control and six are used for PMP
data transfer.

11.1.1 CONTROL REGISTERS

The eight PMP Control registers are:

* PMCONH and PMCONL

* PMMODEH and PMMODEL

* PMSTATL and PMSTATH

* PMEH and PMEL

REGISTER 11-1:

The PMCON registers  (Register 11-1 and
Register 11-2) control basic module operations, includ-
ing turning the module on or off. They also configure
address multiplexing and control strobe configuration.

The PMMODE registers (Register 11-3  and
Register 11-4) configure the various Master and Slave
modes, the data width and interrupt generation.

The PMEH and PMEL registers (Register 11-5 and
Register 11-6) configure the module’s operation at the
hardware (1/O pin) level.

The PMSTAT registers (Register 11-5 and
Register 11-6) provide status flags for the module’s
input and output buffers, depending on the operating
mode.

PMCONH: PARALLEL PORT CONTROL REGISTER HIGH BYTE (BANKED F5Fh)(")

R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PMPEN — — ADRMUX1 ADRMUXO PTBEEN ‘ PTWREN ‘ PTRDEN
bit 7 bit 0

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
bit 7 PMPEN: Parallel Master Port Enable bit

1 = PMP enabled

0 = PMP disabled, no off-chip access performed

bit 6-5 Unimplemented: Read as ‘0’
bit 4-3 ADRMUX<1:0>: Address/Data Multiplexing Selection bits
11 = Reserved
10 = All 16 bits of address are multiplexed on PMD<7:0> pins
01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins (only eight bits of address are
available in this mode)
00 = Address and data appear on separate pins (only eight bits of address are available in this mode)
bit 2 PTBEEN: Byte Enable Port Enable bit (16-Bit Master mode)
1 = PMBE port enabled
0 = PMBE port disabled
bit 1 PTWREN: Write Enable Strobe Port Enable bit
1 = PMWR/PMENB port enabled
0 = PMWR/PMENB port disabled
bit 0 PTRDEN: Read/Write Strobe Port Enable bit
1 = PMRD/PMWR port enabled
0 = PMRD/PMWR port disabled
Note 1: This register is only available on 44-pin devices.
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15.6 Timer3/5 Interrupt

The TMRx register pair (TMRxH:TMRxL) increments
from 0000h to FFFFh and overflows to 0000h. The
Timerx interrupt, if enabled, is generated on overflow
and is latched in the interrupt flag bit, TMRXIF.
Table 15-3 gives each module’s flag bit.

TABLE 15-3: TIMER3/5 INTERRUPT FLAG

BITS
Timer Module Flag Bit
3 PIR2<1>
5 PIR5<1>

This interrupt can be enabled or disabled by setting or
clearing the TMRXIE bit, respectively. Table 15-4 gives
each module’s enable bit.

TABLE 15-4: TIMER3/5 INTERRUPT

ENABLE BITS
Timer Module Flag Bit
3 PIE2<1>
5 PIE5<2>

15.7 Resetting Timer3/5 Using the
ECCP Special Event Trigger

If the ECCP modules are configured to use Timerx and
to generate a Special Event Trigger in Compare mode
(CCPxM<3:0>=1011), this signal will reset Timerx.
The trigger from ECCP2 will also start an A/D conver-
sion if the A/D module is enabled. (For more informa-
tion, see Section 19.3.4 “Special Event Trigger”.)

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPRxH:CCPRxL register
pair effectively becomes a Period register for TimerX.

If Timerx is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timerx coincides with a
Special Event Trigger from an ECCP module, the write
will take precedence.

Note: The Special Event Triggers from the
ECCPx module will only clear the TMR3
register’s content, but not set the TMR3IF
interrupt flag bit (PIR1<0>).

Note:  The CCP and ECCP modules use Timers,
1 through 8, for some modes. The assign-
ment of a particular timer to a CCP/ECCP
module is determined by the Timer to CCP
enable bits in the CCPTMRSKx registers.
For more details, see Register 18-3 and
Register 19-2.
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REGISTER 16-1:

TxCON: TIMER4/6/8 CONTROL REGISTER (ACCESS F76h, BANKED F1Eh,
BANKED F1Bh)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— TxOUTPS3 | TxOUTPS2 | TxOUTPS1 | TxOUTPSO | TMRxON TxCKPS1 TxCKPS0
bit 7 bit 0
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

bit 7
bit 6-3

Unimplemented: Read as ‘0’
TxOUTPS<3:0>: Timerx Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
TMRxON: Timerx On bit

1 = Timerx is on
0 = Timerx is off

bit 2

bit 1-0
00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaleris 16

16.2 Timer4/6/8 Interrupt

The Timer4/6/8 modules have 8-bit Period registers,
PRXx, that are both readable and writable. Timer4/6/8
increment from 00h until they match PR4/6/8 and then
reset to 00h on the next increment cycle. The PRx
registers are initialized to FFh upon Reset.

TxCKPS<1:0>: Timerx Clock Prescale Select bits

16.3 Output of TMRx

The outputs of TMRx (before the postscaler) are used
only as a PWM time base for the ECCP modules. They
are not used as baud rate clocks for the MSSP
modules as is the Timer2 output.

FIGURE 16-1: TIMER4 BLOCK DIAGRAM
4 1:1t0 1:16
TxOUTPS<3:0> ' ) ¥ Set TMRxIF
Postscaler
2 A
TxCKPS<1:0> ————~%— » TMRx Output
(to PWM)
v A TMRx/PRx
Y Reset Match
Fosc/4 1:1,1:4,1:16 4| TMRx )::>| Comparator K:‘ PRx |
Prescaler
8

%8
8
/

Internal Data Bus <
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REGISTER 17-5: ALRMRPT: ALARM REPEAT COUNTER (ACCESS F46h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 | ARPT2 ‘ ARPT1 ARPTO
bit 7 bit 0
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
bit 7-0 ARPT<7:0>: Alarm Repeat Counter Value bits

11111111 = Alarm will repeat 255 more times

00000000 = Alarm will not repeat

The counter decrements on any alarm event. The counter is prevented from rolling over from 00h to
FFh unless CHIME = 1.
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FIGURE 18-2: COMPARE MODE OPERATION BLOCK DIAGRAM
Special Event Trigger
Timer1/5 Reset

| ccprsH | ccprsL | Set COPSIF ( )

@ CCP5 Pin
| | Compare Output S Q ™ @

Comparator ¢ .
| Match Logic R
ﬂ TRIS
4 Output Enable
CCP5CON<3:0>
| TMR1H | TMRIL )
| TMRSH | TMRsL 1
C5TSELO
f TMR1H | TMRIL |
1
TMRSH | TMRSL | Special Event Trigger
CATSELA (Timer1/Timer3 Reset, A/D Trigger)
C4TSELO
JL Set CCP4IF CCP4 Pin
| C " | Compare T Output S Q > @
omparator —Match } Logic - \/T
4 TRIS
| cCPR4H | ccPRaL Output Enable
CCP4CON<3:0>
Note: This block diagram uses CCP4 and CCP5 and their appropriate timers as an example. For details on all of
the CCP modules and their timer assignments, see Table 18-2 and Table 18-3.
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REGISTER 20-2: SSPxCON1: MSSPx CONTROL REGISTER 1 (SPI MODE)
(1, ACCESS FC6h; 2, F72h)

R/W-0 R/C-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL | sspovi) | ssPeEN® |  ckp | ssPm3® | sspm2® | sspm1@® | sspmo®
bit 7 bit 0
Legend: C = Clearable bit
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
bit 7 WCOL: Write Collision Detect bit
1 = The SSPxBUF 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(")

SPI Slave mode:
1 = A new byte is received while the SSPxBUF register is still holding the previous data. In case of over-
flow, the data in SSPxSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPxBUF, even if only transmitting data, to avoid setting overflow (must be cleared in software).
0 = No overflow
bit 5 SSPEN: Master Synchronous Serial Port Enable bit(2)
1 = Enables serial port and configures SCKx, SDOx, SDIx and SSx as serial port pins
0 = Disables serial port and configures these pins as I/O port pins
bit 4 CKP: Clock Polarity Select bit
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(®)
0101 = SPI Slave mode, clock = SCKx pin; SSx pin control disabled, SSx can be used as I/O pin
0100 = SPI Slave mode, clock = SCKx pin; SSx pin control enabled
0011 = SPI Master mode, clock = TMR2 output/2
0010 = SPI Master mode, clock = Fosc/64
0001 = SPI Master mode, clock = Fosc/16
1010 = SPI Master mode, clock = FOsc/8
0000 = SPI Master mode, clock = Fosc/4

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by
writing to the SSPxBUF register.

2: When enabled, this pin must be properly configured as input or output.
3: Bit combinations not specifically listed here are either reserved or implemented in 12C mode only.
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REGISTER 20-5: SSPxSTAT: MSSPx STATUS REGISTER (I1>C MODE) (1, ACCESS FC7h; 2, F73h)

R/W-1

R/W-1 R-1 R-1 R-1 R-1 R-1 R-1

SMP

CKE D/A PO | s | RrW@3 | UuA BF

bit 7

bit 0

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

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

SMP: Slew Rate Control bit

In Master or Slave mode:

1 = Slew rate control is disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control is enabled for High-Speed mode (400 kHz)
CKE: SMBus Select bit

In Master or Slave mode:

1 = Enable SMBus specific inputs

0 = Disable SMBus specific inputs

D/A: Data/Address bit

In Master mode:

Reserved.

In Slave mode:

1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
P: Stop bit(!)

1 = Indicates that a Stop bit has been detected last

0 = Stop bit was not detected last

S: Start bit(!

1 = Indicates that a Start bit has been detected last

0 = Start bit was not detected last

RIW: Read/Write Information bit(23)

In Slave mode:

1 = Read

0 = Write

In Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress

UA: Update Address bit (10-Bit Slave mode only)

1 = Indicates that the user needs to update the address in the SSPxADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

In Transmit mode:

1 = SSPxBUF is full

0 = SSPxBUF is empty

In Receive mode:

1 = SSPxBUF is full (does not include the ACK and Stop bits)

0 = SSPxBUF is empty (does not include the ACK and Stop bits)

This bit is cleared on Reset and when SSPEN is cleared.

This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next Start bit, Stop bit or not ACK bit.

ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSPx is in Active mode.
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241 Configuring the Comparator The comparator reference supply voltage can come

Voltage Reference from either VDD and Vss, or the external VREF+ and

VREF- that are multiplexed with RA2 and RA3. The

The comparator voltage reference module is controlled voltage source is selected by the CVRSS bit
through the CVRCON register (Register 24-1). The (CVRCON<4>).

comparator voltage reference provides two ranges of
output voltage, each with 16 distinct levels. The range
to be used is selected by the CVRR bit (CVRCON<5>).
The primary difference between the ranges is the size
of the steps selected by the CVREF Selection bits
(CVR<3:0>), with one range offering finer resolution.
The equations used to calculate the output of the
comparator voltage reference are as follows:

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 30-2 in Section 30.0 “Electrical
Characteristics”).

EQUATION 24-1: CALCULATING OUTPUT
OF THE COMPARATOR
VOLTAGE REFERENCE

When CVRR =1 and CVRSS = 0:

CVREF = ((CVR<3:0>)/24) x (AVDD - AVSS)

When CVRR = 0 and CVRSS = 0:

CVREF = (CVRSRC/4) + ((CVR<3:0>)/32) x (AVDD - AVSS)
When CVRR =1 and CVRSS = 1:

CVREF = ((CVR<3:0>)/24) x ((VREF+) — VREF-)

When CVRR = 0 and CVRSS = 1:

CVREF = (CVRSRC/4) + ((CVR<3:0>)/32) x ((VREF+) — VREF-)

REGISTER 24-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER (F53h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE(" CVRR CVRSS CVR3 CVR2 CVR1 ‘ CVRO
bit 7 bit 0
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
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit is powered on
0 = CVREF circuit is powered down
bit 6 CVROE: Comparator VREF Output Enable bit(")
1 = CVREF voltage level is also output on the RA2/AN2//C2INB/C1IND/C3INB/VREF-/CVREF pin
0 = CVREF voltage is disconnected from the RA2/AN2//C2INB/C1IND/C3INB/VREF-/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit
1 = 0to 0.667 CVRSRC with CVRSRC/24 step size (low range)
0 = 0.25 CVRsRc to 0.75 CVRsRC with CVRSRC/32 step size (high range)
bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source, CVRSRC = (VREF+) — (VREF-)
0 = Comparator reference source, CVRSRC = AVDD — AVSS
bit 3-0 CVR<3:0>: Comparator VREF Value Selection bits (0 < (CVR<3:0>) < 15)
When CVRR = 1:
CVREF = ((CVR<3:0>)/24) ¢ (CVRSRC)
When CVRR = 0:
CVREF = (CVRsSRcC/4) + ((CVR<3:0>)/32) e (CVRSRC)

Note 1: CVROE overrides the TRIS bit setting.
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EXAMPLE 26-1:  SETUP FOR CTMU CALIBRATION ROUTINES

#include <pl8cxxx.h>
/*****************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k**********/

/*Setup CTMU H*HxHhkk ok khk kA XXX AL LK KK KKK KKK KA AA AL A KKK KK KKK KAXA AL LA KR Ak K FF K KKK XA AKX/

/************************************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k******‘k************/

void setup (void)
{ //CTMUCON - CTMU Control register

CTMUCONH = 0x00;
CTMUCONL = 0x90;
//CTMU continues to run when emulator is stopped,CTMU continues

//to run in idle mode,Time Generation mode disabled, Edges are blocked
//No edge sequence order, Analog current source not grounded, trigger

//make sure CTMU is disabled

//output disabled, Edge2 polarity = positive level, Edge2 source =
//source 0, Edgel polarity = positive level, Edgel source = source 0,

//CTMUICON - CTMU Current Control Register
CTMUICON = 0x01; //0.55uA, Nominal - No Adjustment

VARREEEEEEEEE SRR R EEE Rt

//Setup AD converter;
/***************‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k**********/

TRISA=0x04; //set channel 2 as an input
// Configured AN2 as an analog channel

// ANCONO

ANCONO = O0xFB;

// ANCON1

ANCON1 = 0x1F;

// ADCON1

ADCON1bits.ADFM=1; // Result format 1= Right Jjustified

ADCON1bits.ADCAL=0; // Normal A/D conversion operation

ADCONlbits.ACQT=1; // Acquisition time 7 = 20TAD 2 = 4TAD 1=2TAD

ADCON1bits.ADCS=2; // Clock conversion bits 6= FOSC/64 2=F0OSC/32
// ADCONO

ADCONObits.VCFGO =0; // Vref+ = Avdd

ADCONObits.VCFGl =0; // Vref- = AVss

ADCONObits.CHS=2; // Select ADC channel

ADCONObits.ADON=1; // Turn on ADC
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REGISTER 27-8: CONFIG4H: CONFIGURATION REGISTER 4 HIGH (BYTE ADDRESS 300007h)

U-1 U-1 U-1 U-1 U-0 U-0 R/WO-1 R/WO-1
— — — — — | — ] wpeno | wrpis
bit 7 bit 0
Legend:
R = Readable bit WO = Write-Once bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-4 Unimplemented: Program the corresponding Flash Configuration bit to ‘1’
bit 3-2 Unimplemented: Read as ‘0’
bit 1 WPEND: Write-Protect Disable bit

1 = Flash pages, WPFP<6:0> to (Configuration Words page), are erase/write-protected
0 = Flash pages 0 to WPFP<6:0> are erase/write-protected
bit 0 WPDIS: Write-Protect Disable bit
1 = WPFP<5:0>, WPEND and WPCFG bits are ignored; all Flash memory may be erased or written
0 = WPFP<5:0>, WPEND and WPCFG bits are enabled; erase/write-protect is active for the selected
region(s)

REGISTER 27-9: DEVID1: DEVICE ID REGISTER 1 FOR PIC18F47J13 FAMILY DEVICES
(BYTE ADDRESS 3FFFFEh)

R R R R R R R R
DEv2 | DEVI | DEVO | REV4 | REV3 REV2 REV1 REVO
bit 7 bit 0
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
bit 7-5 DEV<2:0>: Device ID bits

These bits are used with DEV<10:3> bits in Device ID Register 2 to identify the part number. See
Register 27-10.

bit 4-0 REV<4:0>: Revision ID bits
These bits are used to indicate the device revision.
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FIGURE 30-9: ENHANCED CAPTURE/COMPARE/PWM TIMINGS

ECCPx

(Capture Mode)—m

50 v 51 —».

:47 5 ———

ECCPx % Z 2 Sk

(Compare or PWM Mode)

Note: Refer to Figure 30-4 for load conditions.

TABLE 30-17: ENHANCED CAPTURE/COMPARE/PWM REQUIREMENTS

P:{jm Symbol Characteristic Min Max | Units Conditions
50 Tccl ECCPx Input Low Time | No prescaler 0.5Tcy + 20 — ns

With prescaler 10 — ns
51 TccH ECCPx Input High Time | No prescaler 0.5 Tcy + 20 — ns

With prescaler 10 — ns
52 TccP ECCPx Input Period 3 Tcy +40 — ns |N =prescale

3 Tcy +40 N value (1, 4 or 16)
N

53 TccR ECCPx Output Fall Time — 25 ns
54 TccF ECCPx Output Fall Time — 25 ns
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TABLE 30-28: MSSPx IC BUS DATA REQUIREMENTS

Par‘;'ca)m. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time |100 kHz mode | 2(TosC)(BRG +1) | — us
400 kHz mode | 2(TosCc)(BRG +1) | — us
101 TLow Clock Low Time [100 kHz mode | 2(Tosc)(BRG +1) | — us
400 kHz mode | 2(Tosc)(BRG +1) | — us
102 TR SDAx and SCLx [100 kHz mode — 1000 ns |CBis specified to be
Rise Time 400 kHz mode 20 +0.1CB 300 | ns |from 10 to 400 pF
103 TF SDAXx and SCLx [100 kHz mode — 300 ns |CBis specified to be
Fall Time 400 kHz mode 20 +0.1CB 300 | ns |from 10 to 400 pF
90 Tsu:sTA |Start Condition |100 kHz mode | 2(TosC)(BRG +1) | — pus  |Only relevant for
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) | — us Repeated Start condition
91 THD:STA |Start Condition |100 kHz mode | 2(TosC)(BRG +1) | — us | After this period, the first
Hold Time 400 kHz mode | 2(Tosc)(BRG + 1) | — us clock pulse is generated
106 THD:DAT |Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 0.9 us
107 TSU:DAT |Data Input 100 kHz mode 250 — ns |(Note 1)
Setup Time 400 kHz mode 100 — | ns
92 Tsu:sTO |Stop Condition |100 kHz mode | 2(TosCc)(BRG+1) | — us
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) | — us
109 TaA Output Valid 100 kHz mode — 3450 ns
from Clock 400 kHz mode — 900 ns
110 TBUF Bus Free Time |100 kHz mode 4.7 — us |Time the bus must be
400 kHz mode 13 _ us free before a new
transmission can start
D102 |CB Bus Capacitive Loading — 400 pF
Note 1: A Fast mode I2C bus device can be used in a Standard mode 12C bus system, but parameter
#107 > 250 ns must then be met. This will automatically be the case if the device does not stretch the LOW
period of the SCLx signal. If such a device does stretch the LOW period of the SCLx signal, it must output
the next data bit to the SDAX line, parameter #102 + parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz
mode), before the SCLx line is released.
FIGURE 30-21: EUSARTx SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING
TXXCKx AR
pin o o
— :‘_.121 —s ' e 121 Lo
RXx/DTx
pin ><: X
—=1 120 |- —
' . 122+
Note: Refer to Figure 30-4 for load conditions.
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31.0 PACKAGING INFORMATION
Package Marking Information

311

28-Lead QFN Example
XXXXXXXX 18F27J13
XXXXXXXX /ML @©3
YYWWNNN 1010017
0 0
28-Lead SOIC (.3007) Example
XXXXXXXX XXX XXX XXX XXX PIC18F27J13/SO
XXXXKOXKXXXXXXXXKX R\ 1010017
XXXXXXXXX XXX XXX XX XXX '
YYWWNNN
@) ® @)
28-Lead SPDIP Example
XXX spes
- e3
b O R\ YYWWNNN P O AR\ 1010017 O
28-Lead SSOP Example
XXXXXXXXXXXX PIC18F27J13
XXXXXXXXXXXX -I/SS
YYWWNNN 1010017
o 0%

Y
YY
Ww
NNN

*

Legend: XX...X Customer-specific information

Year code (last digit of calendar year)

Year code (last 2 digits of calendar year)

Week code (week of January 1 is week ‘01°)

Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)

This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note:

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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44-Lead Plastic Thin Quad Flatpack (PT) - 10X10X1 mm Body, 2.00 mm Footprint [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
C1
44
I I
ol | ULUDDUOOOOH
1 ] L1
2 [ L1
A L1 L1
] L1 L1
G — L] 1
L1 1 c2
L1 L1
L1 L1
L1 L1
L1 L1
L1 L1
00000000008~
e =T\
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.80 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing Cc2 11.40
Contact Pad Width (X44) X1 0.55
Contact Pad Length (X44) Y1 1.50
Distance Between Pads G 0.25
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2076B
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THE MICROCHIP WEBSITE

Microchip provides online support via our website at
www.microchip.com. This website is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the website contains the following information:

* Product Support — Data sheets and errata, appli-
cation notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

» Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Micro-
chip sales offices, distributors and factory repre-
sentatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a spec-
ified product family or development tool of interest.

To register, access the Microchip website at
www.microchip.com. Under “Support”, click on “Cus-
tomer Change Notification” and follow the registration
instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

» Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

 Technical Support

Customers should contact their distributor, representa-
tive or Field Application Engineer (FAE) for support.
Local sales offices are also available to help custom-

ers. A listing of sales offices and locations is included in
the back of this document.

Technical support is available through the website
at: http://microchip.com/support
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