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PIC18F47J53

TABLE 1-3: PIC18F2XJ53 PINOUT 1I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name 28-SPDIP/ Pin | Buffer Description
SSOP/ | 28-QFN | TyPe | Type
SOIC
PORTB (continued)
RB4/CCP4/KBIO/SCK1/SCL1/| 25(?) 220
RP7
RB4 I/O |TTUDIG Digital 1/0.
CCP4 I/O | ST/DIG Capture/Compare/PWM input/output.
KBIO | TTL Interrupt-on-change pin.
SCK1 I/O | ST/DIG Synchronous serial clock input/output.
SCL1 /o | I1?2C I°C clock input/output.
RP7 I/O | ST/DIG Remappable Peripheral Pin 7 input/output.
RB5/CCP5/KBI1/SDI1/SDA1/ | 26@) | 230
RP8
RB5 I/O |TTUDIG Digital 1/0.
CCP5 I/O | ST/DIG Capture/Compare/PWM input/output.
KBI1 | TTL Interrupt-on-change pin.
SDI1 | ST SPI data input.
SDA1 I/10 12c 12C data input/output.
RP8 I/O | ST/DIG Remappable Peripheral Pin 8 input/output.
RB6/CCP6/KBI2/PGC/RP9 27 | 240
RB6 I/O |TTUDIG Digital 1/0.
CCP6 I/O | ST/DIG Capture/Compare/PWM input/output.
KBI2 | TTL Interrupt-on-change pin.
PGC | ST ICSP™ clock input.
RP9 I/O | ST/DIG Remappable Peripheral Pin 9 input/output.
RB7/CCP7/KBI3/PGD/RP10 | 28?2 | 250
RB7 I/0 |TTUDIG Digital 1/0.
CCP7 I/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 I/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 12c = Open-Drain, 12c specific

Note 1:
2: 5.5V tolerant.

RA7 and RA6 will be disabled if OSC1 and OSC2 are used for the clock function.
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PIC18F47J53

TABLE 3-5:  OSCILLATOR CONFIGURATION OPTIONS FOR USB OPERATION
Input Oscillator PLL Division Clock Mode MCU Clock Division Microcontroller
Frequency (PLLDIV<2:0>) (FOSC<2:0>) (CPDIV<1:0>) Clock Frequency
None (11) 48 MHz
+2 (10) 24 MHz
48 MHz N/A EC
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
+2 (10) 24 MHz
48 MHz +12 (000) ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
+2 (10) 24 MHz
40 MHz +10 (001) ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
+2(10) 24 MHz
24 MHz +6 (010) ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 24 MHz
1 +2 (10) 12 MHz
24 MHz N/A ECW
+3(01) 8 MHz
+6 (00) 4 MHz
None (11) 48 MHz
+2 (10) 24 MHz
20 MHz +5(011) ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
+2 (10) 24 MHz
16 MHz +4 (100) HSPLL, ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
+2 (10) 24 MHz
12 MHz +3(101) HSPLL, ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
HSPLL, ECPLL, +2(10) 24 MHz
8 MHz +2 (110) INTOSCPLL/
INTOSCPLLO +3(01) 16 MHz
+6 (00) 8 MHz
None (11) 48 MHz
+2 (10) 24 MHz
4 MHz +1(111) HSPLL, ECPLL
+3(01) 16 MHz
+6 (00) 8 MHz

Note  1: The 24 MHz EC mode (without PLL) is only compatible with low-speed USB. Full-speed USB requires a 48 MHz system

clock.

© 2009-2016 Microchip Technology Inc.
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PIC18F47J53

A series resistor between RAO and the external
capacitor provides overcurrent protection for the
RAO/ANO/C1INA/ULPWU/RPO pin and can allow for
software calibration of the time-out (see Figure 4-9).

FIGURE 4-9: SERIAL RESISTOR

RAO

Cq
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A timer can be used to measure the charge time and
discharge time of the capacitor. The charge time can
then be adjusted to provide the desired interrupt delay.
This technique will compensate for the affects of
temperature, voltage and component accuracy. The
ULPWU peripheral can also be configured as a simple
Programmable  Low-Voltage Detect (LVD) or
temperature sensor.

4.8

All peripheral modules (except for 1/0 ports) also have
a second control bit that can disable their functionality.
These bits, known as the Peripheral Module Disable
(PMDISx) bits, are generically named “xxxMD” (using
“xxx” as the mnemonic version of the module’s name).

Peripheral Module Disable

These bits are located in the PMDISx Special Function
Registers. In contrast to the module enable bits (gener-
ically named “xxxEN” and located in bit position seven
of the control registers), the PMDISx bits must be set
(= 1) to disable the modules.

While the PMD and module enable bits both disable a
peripheral’s functionality, the PMD bit completely shuts
down the peripheral, effectively powering down all
circuits and removing all clock sources. This has the
additional effect of making any of the module’s control
and buffer registers, mapped in the SFR space,
unavailable for operations. Essentially, the peripheral
ceases to exist until the PMD bit is cleared.

This differs from using the module enable bit, which
allows the peripheral to be reconfigured and buffer reg-
isters preloaded, even when the peripheral’'s
operations are disabled.

Note: lFJO'.’n motrhee w:\;cl)érrgitr;c.)n, Urﬁ:zr Ec; A|’3\|0872} The PMDISx bits are most useful in highly
Wsallkg u M:)dule P a Iicatior\:v n\gte power-sensitive applications. In these cases, the bits
DSOOB?Q PP can be set before the main body of the application to
( ). remove peripherals that will not be needed at all.
TABLE 4-2: LOW-POWER MODE REGISTERS
. . . . . . . . . Value on
Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, BOR
PMDIS3 | CCP10MD | CCPOMD | CCP8MD | CCP7MD | CCP6MD | CCP5MD | CCP4MD — 0000 000-
PMDIS2 — TMR8MD — TMR6MD | TMR5MD | CMP3MD | CMP2MD | CMP1MD | —0-0 0000
PMDIS1 | PSPMD® | CTMUMD | RTCCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD — 0000 000-
PMDISO | ECCP3MD | ECCP2MD | ECCP1MD | UART2MD | UART1MD | SPI2MD SPIMMD ADCMD 0000 0000
Note 1: Notimplemented on 28-pin devices (PIC18F26J53, PIC18F27J53, PIC18LF26J53 and PIC18LF27J53).

© 2009-2016 Microchip Technology Inc.
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9.0 INTERRUPTS

Devices of the PIC18F47J53 family have multiple inter-
rupt sources and an interrupt priority feature that allows
most interrupt sources to be assigned a high-priority
level or a low-priority level. The high-priority interrupt
vector is at 0008h and the low-priority interrupt vector
is at 0018h. High-priority interrupt events will interrupt
any low-priority interrupts that may be in progress.

There are 19 registers, which are used to control
interrupt operation. These registers are:

+ RCON

* INTCON

* INTCON2

* INTCON3

* PIR1, PIR2, PIR3, PIR4, PIR5
* PIE1, PIE2, PIE3, PIE4, PIES
* IPR1, IPR2, IPR3, IPR4, IPR5

It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the
assembler/compiler to automatically take care of the
placement of these bits within the specified register.

In general, interrupt sources have three bits to control
their operation. They are:

» Flag bit to indicate that an interrupt event
occurred

« Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

» Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will
vector immediately to address, 0008h or 0018h,
depending on the priority bit setting. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
0008h in Compatibility mode.

When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High-priority interrupt sources can interrupt a
low-priority interrupt. Low-priority interrupts are not
processed while high-priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine (ISR),
the source(s) of the interrupt can be determined by poll-
ing the interrupt flag bits. The interrupt flag bits must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INTx pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVFF instruction to mod-
ify any of the Interrupt Control registers
while any interrupt is enabled. Doing so
may cause erratic microcontroller behav-
ior.

DS30009964C-page 116
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9.5 RCON Register

The RCON register contains bits used to determine the
cause of the last Reset or wake-up from Idle or Sleep
mode. RCON also contains the bit that enables
interrupt priorities (IPEN).

REGISTER 9-19:

RCON: RESET CONTROL REGISTER (ACCESS FDOh)

R/W-0 U-0 R/W-1 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — CM R | 70 | PD | POR BOR
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 IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 Unimplemented: Read as ‘0’
bit 5 cM: Configuration Mismatch Flag bit
For details on bit operation, see Register 5-1.
bit 4 RI: RESET Instruction Flag bit
For details on bit operation, see Register 5-1.
bit 3 TO: Watchdog Timer Time-out Flag bit
For details on bit operation, see Register 5-1.
bit 2 PD: Power-Down Detection Flag bit
For details on bit operation, see Register 5-1.
bit 1 POR: Power-on Reset Status bit
For details on bit operation, see Register 5-1.
bit 0 BOR: Brown-out Reset Status bit

For details on bit operation, see Register 5-1.

DS30009964C-page 134
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11.2.5.2  WRITE TO SLAVE PORT

When chip select is active and a write strobe occurs
(PMCSx =1 and PMWR = 1), the data from PMD<7:0>
is captured into one of the four input buffer bytes.
Which byte is written depends on the 2-bit address
placed on ADDRL<1:0>.

Table 11-1 provides the corresponding input registers
and their associated address.

When an input buffer is written, the corresponding IBxF
bit is set. The IBF flag bit is set when all the buffers are
written. If any buffer is already written (IBxF = 1), the
next write strobe to that buffer will generate an OBUF
event and the byte will be discarded.

FIGURE 11-8: PARALLEL SLAVE PORT WRITE WAVEFORMS

| Q@4 | Q1 | Q2 | Q3 | Q4

PMCSx I

PMWR

PMRD

-

PMD<7:0> —(

PMA<1:0> X

IBF

PMPIF

© 2009-2016 Microchip Technology Inc.
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FIGURE 11-21: READ TIMING, 16-BIT DATA, DEMULTIPLEXED ADDRESS

[Q1|a2|@3|a4|Q1|Q2|a3|a4|at|@2|a3|a4|Qt|a2| 3|4l |Q2|a3|q4|Ql]| Q2| Q3| 4|

PMCS1 ! ! Ef : -
PMD<7:0> (" LSB! }— ,’ﬁf_‘, ;
PMA<7:0> . o . X
PMWR . L E 2
R e
PMBE _________1 l A T ,
PMPIF : L L J

BUSY __________J__*_____r_W Z

FIGURE 11-22: WRITE TIMING, 16-BIT DATA, DEMULTIPLEXED ADDRESS

|Q1|Q2|a3|a4|Q1|Qz| Q3| Q4| Qi1|Q2]|@3|Q4|Q1|Q2|Q3|as|Q1|Qz| Q3| Q4| Ql|Q2]|Q3 ]| Q4|

PMCS1 . o ] :
PMD<7:0> ———— s I MSB_ |
PMA<7:0> L L L Z

e e N e T

PMRD ' |

PMBE X : s — ;

PMPIF ! ! | f ! E f

BUSY __________j”_*_____ﬁ_W Z 3 '

FIGURE 11-23: READ TIMING, 16-BIT MULTIPLEXED DATA, PARTIALLY MULTIPLEXED ADDRESS

[Q1|Q2|a3|a4|al| Q2| Q3| 4|l |@2]Q3|a4|Q1|Q2|a3|as|Q1| Q2| Q3| Q4| Ql| Q2| Q3|4 |

PMCS1 i : i E E J E E E { E
PMD<7:0> 4'(2‘@ —{sB' —— wsB' )} :

PMWR ; . . ; E Lo L

PMRD SR S SR E

PMBE Lo N o o

PMALL e S S S S B :

PMPIF L L N L ?

BUSY Z ‘ — : i | o
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13.2 Timerl Operation

The Timer1 module is an 8-bit or 16-bit incrementing
counter, which is accessed through the
TMR1H:TMR1L register pair.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter and
increments on every selected edge of the external
source.

Timer1 is enabled by configuring the TMR1ON and
TMR1GE bits in the TICON and T1GCON registers,
respectively.

When Timer1 is enabled, the RC1/CCP8/T10SI/UOE/
RP12 and RCO/T10SO/T1CKI/RP11 pins become
inputs. This means the values of TRISC<1:0> are
ignored and the pins are read as ‘0’.

13.3 Clock Source Selection

The TMR1CS<1:0> and T1OSCEN bits of the TICON
register are used to select the clock source for Timer1.
Register 13-1 displays the clock source selections.

13.3.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMRI1L register pair will increment on multiples
of FOsc as determined by the Timer1 prescaler.

13.3.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input, T1CKI, or the
capacitive sensing oscillator signal. Either of these
external clock sources can be synchronized to the
microcontroller system clock or they can run
asynchronously.

When used as a timer with a clock oscillator, an
external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

» Timer1 enabled after POR Reset
* Write to TMR1H or TMR1L
 Timer1 is disabled

* Timer1 is disabled (TMR10ON = 0)

when T1CKI is high, then Timer1 is
enabled (TMR10ON = 1) when T1CKIl is
low.

TABLE 13-1: TIMER1 CLOCK SOURCE SELECTION

TMR1CS1 TMR1CSO T10SCEN Clock Source
0 1 X Clock Source (FOscC)
0 0 X Instruction Clock (Fosc/4)
1 0 0 External Clock on T1CKI Pin
1 0 1 Oscillator Circuit on T10SI/T10SO Pin

© 2009-2016 Microchip Technology Inc.
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TABLE 15-5: REGISTERS ASSOCIATED WITH TIMER3/5 AS A TIMER/COUNTER
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF

PIR5 — — CMS3IF TMR8IF TMRG6IF TMRSIF | TMR5GIF | TMR1GIF

PIE5 — — CMS3IE TMRS8IE TMRG6IE TMRSIE | TMR5GIE | TMR1GIE

PIR2 OSCFIF CM2IF CM1IF USBIF BCL1IF HLVDIF TMR3IF CCP2IF

PIE2 OSCFIE CM2IE CM1IE USBIE BCL1IE HLVDIE TMR3IE CCP2IE

TMR3H Timer3 Register High Byte

TMR3L Timer3 Register Low Byte

T3GCON TMR3GE | T3GPOL T3GTM T3GSPM | T3GGO/ | T3GVAL | T3GSS1 T3GSS0
T3DONE

T3CON TMR3CS1 | TMR3CSO | T3CKPS1 | T3CKPSO | T3OSCEN | T3SYNC RD16 | TMR3ON

TMR5H Timer5 Register High Byte

TMR5L Timer5 Register Low Byte

T5GCON TMR5GE | T5GPOL T5GTM T5GSPM | T5GGO/ | T5GVAL | T5GSS1 T5GSS0
T5DONE

T5CON TMR5CS1 | TMR5CSO0 | T5CKPS1 | TSCKPSO | TSOSCEN | T5SYNC RD16 | TMR50ON

OSCCON2 — SOSCRUN — SOSCDRV | SOSCGO PRISD — —

CCPTMRSO | C3TSEL1 | C3TSELO | C2TSEL2 | C2TSEL1 | C2TSELO | C1TSEL2 | C1TSEL1 | C1TSELO

CCPTMRS1 | C7TSEL1 | C7TSELO — C6TSELO — C5TSELO | CATSEL1 | C4ATSELO

CCPTMRS1 — — — C10TSELO — CI9TSELO | C8TSEL1 | C8TSELO

CCPTMRS2 — — — C10TSELO — CI9TSELO | C8TSEL1 | C8TSELO

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.

© 2009-2016 Microchip Technology Inc.
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18.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCP4IE bit (PIE4<1>) clear to avoid false interrupts
and should clear the flag bit, CCP4IF, following any
such change in operating mode.

18.2.4 CCP PRESCALER

There are four prescaler settings in Capture mode.
They are specified as part of the operating mode
selected by the mode select bits (CCP4M<3:0>).
Whenever the CCP module is turned off, or the CCP
module is not in Capture mode, the prescaler counter
is cleared. This means that any Reset will clear the
prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Doing that also will not clear the
prescaler counter — meaning the first capture may be
from a non-zero prescaler.

Example 18-1 shows the recommended method for
switching between capture prescalers. This example
also clears the prescaler counter and will not generate
the “false” interrupt.

CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP4CON ; Turn CCP nodul e of f
MOVLW NEW CAPT_PS ; Load WREG with the
; new prescal er node
; value and CCP ON
Load CCP4CON with
; this val ue

EXAMPLE 18-1:

MOVWF  CCP4CON

18.3 Compare Mode

In Compare mode, the 16-bit CCPR4 register value is

constantly compared against either the TMR1 or TMR3

register pair value. When a match occurs, the CCP4

pin can be:

 Driven high

 Driven low

» Toggled (high-to-low or low-to-high)

» Unchanged (that is, reflecting the state of the I/O
latch)

The action on the pin is based on the value of the mode

select bits (CCP4M<3:0>). At the same time, the inter-

rupt flag bit, CCP4IF, is set.

Figure 18-2 gives the Compare mode block diagram

18.3.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.

Note:  Clearing the CCP4CON register will force
the RB4 compare output latch (depending
on device configuration) to the default low
level. This is not the PORTB I/O data
latch.

18.3.2 TIMER1/3/5 MODE SELECTION

If the CCP module is using the compare feature in
conjunction with any of the Timer1/3/5 timers, the tim-
ers must be running in Timer mode or Synchronized
Counter mode. In Asynchronous Counter mode, the
compare operation may not work.

Note: Details of the timer assignments for the
CCP modules are given in Table 18-2 and
Table 18-3.

18.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCP4M<3:0> = 1010), the CCP4 pin is not affected.
Only a CCP interrupt is generated, if enabled, and the
CCP4IE bit is set.

18.3.4 SPECIAL EVENT TRIGGER

Both CCP modules are equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode to trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode
(CCP4M<3:0> = 1011).

For either CCP module, the Special Event Trigger resets
the Timer register pair for whichever timer resource is
currently assigned as the module’s time base. This
allows the CCPRXx registers to serve as a programmable
period register for either timer.

The Special Event Trigger for CCP4 cannot start an
A/D conversion.

Note: The Special Event Trigger of ECCP1 can
start an A/D conversion, but the A/D
Converter must be enabled. For more
information, see Section 19.0 “Enhanced
Capture/Compare/PWM (ECCP) Module”.

© 2009-2016 Microchip Technology Inc.

DS30009964C-page 255



PIC18F47J53

184 PWM Mode

In Pulse-Width Modulation (PWM) mode, the CCP4 pin
produces up to a 10-bit resolution PWM output. Since
the CCP4 pin is multiplexed with a PORTB data latch,
the appropriate TRIS bit must be cleared to make the
CCP4 pin an output.

Figure 18-3 shows a simplified block diagram of the
CCP1 module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 18.4.3
“Setup for PWM Operation”.

FIGURE 18-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers au CCP4CON<5:4>
| CCPRAL ‘
|CCPR4H (Slave) ‘
| Comparator i R Q
RC2/CCP1
| TMR2 ‘ (Note 1)‘
o—S
Comparator TRISC<2>
Clear Timer,
CCP1 pin and

7\

Note 1: The 8-bit TMR2 value is concatenated with the 2-bit
internal Q clock, or 2 bits of the prescaler, to create
the 10-bit time base.

CCP4 and its appropriate timers are used as an
example. For details on all of the CCP modules and
their timer assignments, see Table 18-2 and

Table 18-3.

N

A PWM output (Figure 18-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 18-4: PWM OUTPUT

Period

— I e IR
Duty Cycle

TMR2 = PR2
TMR2 = Duty Cycle

TMR2 = PR2

18.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

EQUATION 18-1:

PWM Period = [(PR2)+ 1]+ 4+ ToSC ¢
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events

occur on the next increment cycle:

* TMR2 is cleared

* The CCP4 pin is set
(An exception: If the PWM duty cycle = 0%, the
CCP4 pin will not be set)

* The PWM duty cycle is latched from CCPRAL into
CCPR4H

Note:  The Timer2 postscalers (see
Section 14.0 “Timer2 Module”) are not
used in the determination of the PWM fre-
quency. The postscaler could be used to
have a servo update rate at a different fre-
quency than the PWM output.
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24.7 Comparator Operation During

Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
Each operational comparator will consume additional
current. To minimize power consumption while in Sleep
mode, turn off the comparators (CON =0) before
entering Sleep. If the device wakes up from Sleep, the

24.8

A device Reset forces the CMxCON registers to their
Reset state. This forces both comparators and the
voltage reference to the OFF state.

Effects of a Reset

contents of the CMxCON register are not affected.

TABLE 24-3: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR2 OSCFIF CM2IF CM1IF USBIF BCL1IF HLVDIF TMR3IF CCP2IF
PIR5 — — CM3IF TMRS8IF TMRG6IF TMRSIF | TMR5GIF | TMR1GIF
PIE2 OSCFIE CM2IE CM1IE USBIE BCL1IE HLVDIE | TMRSIE CCP2IE
PIE5 — — CM3IE TMR8IE | TMR6IE | TMRSIE | TMR5GIE | TMR1GIE
IPR2 OSCFIP CM2IP CM1IP USBIP BCL1IP HLVDIP | TMRSIP CCP2IP
IPR5 — — CM3IP TMR8IP | TMR6IP | TMRSIP | TMR5GIP | TMR1GIP
CMxCON CON COE CPOL EVPOL1 | EVPOLO CREF CCH1 CCHO
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO
CMSTAT — — — — — COuUT3 COUT2 COUT1
ANCONO PCFG7(e9 | pcFGe(-e9- | PCFG5( ¢ | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO

end:) end:) gend:)

ANCON1 VBGEN — — PCFG12 | PCFG11 | PCFG10 PCFG9 PCFG8
TRISA TRISA7 TRISA6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO
Legend: — =unimplemented, read as ‘0’. Shaded cells are not related to comparator operation.
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27.6 Creating a Delay with the CTMU
Module

A unique feature on board the CTMU module is its
ability to generate system clock, independent output
pulses based on an external capacitor value. This is
accomplished using the internal comparator voltage
reference module, Comparator 2 input pin and an
external capacitor. The pulse is output onto the CTPLS
pin. To enable this mode, set the TGEN bit.

See Figure 27-4 for an example circuit. CPULSE is
chosen by the user to determine the output pulse width
on CTPLS. The pulse width is calculated by
T=(CpuLsE/)*V, where | is known from the current
source measurement step (Section 27.3.1 “Current
Source Calibration”) and V is the internal reference
voltage (CVREF).

An example use of this feature is for interfacing with
variable capacitive-based sensors, such as a humidity
sensor. As the humidity varies, the pulse width output
on CTPLS will vary. The CTPLS output pin can be
connected to an input capture pin and the varying pulse
width is measured to determine the humidity in the
application.

Follow these steps to use this feature:

1. Set the CPOL bit (CMxCON<5>).

2. Initialize the comparator voltage reference.

3. Initialize the CTMU and enable time delay
generation by setting the TGEN bit.

4. Set EDG1STAT.

5.  When CpULSE charges to the value of the voltage

reference trip point, an output pulse is generated
on CTPLS.

FIGURE 27-4: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE
DELAY GENERATION
PIC18F47J53
eD1 oMo
—JL X EpG1 —+—=N cts — L

CPULSE

-1
1

Current Source

Comparator

27.7 Operation During Sleep/Idle
Modes

27.71 SLEEP MODE AND DEEP SLEEP
MODES

When the device enters any Sleep mode, the CTMU
module current source is always disabled. If the CTMU
is performing an operation that depends on the current
source when Sleep mode is invoked, the operation may
not terminate correctly. Capacitance and time
measurements may return erroneous values.

27.7.2 IDLE MODE

The behavior of the CTMU in Idle mode is determined
by the CTMUSIDL bit (CTMUCONH<5>). If CTMUSIDL
is cleared, the module will continue to operate in Idle
mode. If CTMUSIDL is set, the module’s current source
is disabled when the device enters Idle mode. In this

case, if the module is performing an operation when
Idle mode is invoked, the results will be similar to those
with Sleep mode.

27.8 Effects of a Reset on CTMU

Upon Reset, all registers of the CTMU are cleared. This
leaves the CTMU module disabled; its current source is
turned off and all configuration options return to their
default settings. The module needs to be re-initialized
following any Reset.

If the CTMU is in the process of taking a measurement at
the time of Reset, the measurement will be lost. A partial
charge may exist on the circuit that was being measured,
and should be properly discharged before the CTMU
makes subsequent attempts to make a measurement.
The circuit is discharged by setting and then clearing the
IDISSEN bit (CTMUCONH<1>) while the A/D Converter
is connected to the appropriate channel.

© 2009-2016 Microchip Technology Inc.
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28.0 SPECIAL FEATURES OF THE
CPU

PIC18F47J53 family devices include several features
intended to maximize reliability and minimize cost
through elimination of external components. These are:

» Oscillator Selection
* Resets:
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
 Interrupts
» Watchdog Timer (WDT)
 Fail-Safe Clock Monitor (FSCM)
» Two-Speed Start-up
» Code Protection
* In-Circuit Serial Programming (ICSP)

The oscillator can be configured for the application
depending on frequency, power, accuracy and cost. All
of the options are discussed in detail in Section 3.0
“Oscillator Configurations”.

A complete discussion of device Resets and interrupts
is available in previous sections of this data sheet. In
addition to their Power-up and Oscillator Start-up
Timers provided for Resets, the PIC18F47J53 family of
devices has a configurable Watchdog Timer (WDT),
which is controlled in software.

The inclusion of an internal RC oscillator also provides
the additional benefits of a Fail-Safe Clock Monitor
(FSCM) and Two-Speed Start-up. FSCM provides for
background monitoring of the peripheral clock and
automatic switchover in the event of its failure.
Two-Speed Start-up enables code to be executed
almost immediately on start-up, while the primary clock
source completes its start-up delays.

All of these features are enabled and configured by
setting the appropriate Configuration register bits.

28.1 Configuration Bits

The Configuration bits can be programmed to select
various device configurations. The configuration data is
stored in the last four words of Flash program memory;
Figure 6-1 depicts this. The configuration data gets
loaded into the volatile Configuration registers, CON-
FIG1L through CONFIG4H, which are readable and
mapped to program memory, starting at location
300000h.

Table 28-2 provides a complete list. A detailed explana-
tion of the various bit functions is provided in
Register 28-1 through Register 28-6.

28.1.1 CONSIDERATIONS FOR
CONFIGURING THE PIC18F47J53
FAMILY DEVICES

Unlike some previous PIC18 microcontrollers, devices
of the PIC18F47J53 family do not use persistent mem-
ory registers to store configuration information. The
Configuration registers, CONFIG1L through CON-
FIG4H, are implemented as volatile memory.

Immediately after power-up, or after a device Reset,
the microcontroller hardware automatically loads the
CONFIG1L through CONFIGAL registers with configu-
ration data stored in nonvolatiie Flash program
memory. The last four words of Flash program memory,
known as the Flash Configuration Words (FCW), are
used to store the configuration data.

Table 28-1 provides the Flash program memory, which
will be loaded into the corresponding Configuration
register.

When creating applications for these devices, users
should always specifically allocate the location of the
FCW for configuration data. This is to make certain that
program code is not stored in this address when the
code is compiled.

The four Most Significant bits (MSb) of the FCW, corre-
sponding to CONFIG1H, CONFIG2H, CONFIG3H and
CONFIG4H, should always be programmed to ‘1111’.
This makes these FCWs appear to be NOP instructions
in the remote event that their locations are ever
executed by accident.

The four MSbs of the CONFIG1H, CONFIG2H, CON-
FIG3H and CONFIG4H registers are not implemented,
so writing ‘1’s to their corresponding FCW has no effect
on device operation.

To prevent inadvertent configuration changes during
code execution, the Configuration registers, CON-
FIG1L through CONFIGAL, are loaded only once per
power-up or Reset cycle. User’s firmware can still
change the configuration by using self-reprogramming
to modify the contents of the FCW.

Modifying the FCW will not change the active contents
being used in the CONFIG1L through CONFIG4H
registers until after the device is reset.

© 2009-2016 Microchip Technology Inc.
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REGISTER 28-8:

CONFIG4H: CONFIGURATION REGISTER 4 HIGH (BYTE ADDRESS 300007h)

U-1 U-1 U-1 U-1 R/WO-1 U-0 RWO-1  R/WO-1

— — — — Ls48MHz |  — | WPEND | WPDIS
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

WO = Write-Once bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
x = Bit is unknown

‘0’ = Bit is cleared

bit 7-4
bit 3

bit 2
bit 1

bit 0

REGISTER 28-9:

Unimplemented: Program the corresponding Flash Configuration bit to ‘1’

LS48MHZ: Low-Speed USB Clock Selection

1 = 48-MHz system clock is expected; divide-by-8 generates low-speed USB clock

0 = 24-MHz system clock is expected; divide-by-4 generates low-speed USB clock
Unimplemented: Read as ‘0’

WPEND: Write-Protect Disable bit

1 = Flash pages, WPFP<6:0> to (Configuration Words page), are write/erase protected
0 = Flash pages 0 to WPFP<6:0> are write/erase-protected

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 enabled; erase/write-protect is active for the selected
region(s)

DEVID1: DEVICE ID REGISTER 1 FOR PIC18F47J53 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

bit 4-0

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 28-10.

REV<4:0>: Revision ID bits

These bits are used to indicate the device revision.

© 2009-2016 Microchip Technology Inc.
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DECFSZz Decrement f, Skip if O

Syntax: DECFSzZ f{d{,a}}

0<f<255

d e [0,1]

a e [0,1]

(f)— 1 — dest,

skip if result = 0

Status Affected: None

| 0010 | 11da | feef | ffef |

The contents of register ‘' are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘' (default).

Operands:

Operation:

Encoding:

Description:

If the result is ‘0’, the next instruction
which is already fetched is discarded
and a NOP is executed instead, making
it a 2-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 29.2.3 “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:

DCFSNZ

Decrement f, Skip if Not O

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
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 DECFSZ CNT, 1, 1
GOTO LooP
CONTI NUE

Syntax:
Operands:

Operation:

Status Affected:
Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

DCFSNZ  f{d {,a}}
0<f<255

de[01]

ac[01]

(f)— 1 — dest,

skip if result = 0

None

\ 0100 | 11da ‘ frff | T3T; ‘

The contents of register ‘" are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘' (default).

If the result is not ‘0’, the next
instruction which is already fetched is
discarded and a NOP is executed
instead, making it a 2-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 29.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

1

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

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f Data destination
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 DCFSNz TEMP, 1, O
ZERO

. NZERO
Before Instruction
PC = Address (HERE) Before Instruction
After Instruction TEMP = ?
CNT = CNT-1 After Instruction
fCNT = 0O; TEMP = TEMP -1,
PC =  Address ( CONTI NUE) If TEMP = 0:
IfCNT = O; PC = Address (ZERO
PC = Address (HERE + 2) If TEMP = 0;
PC = Address ( NZERO)

© 2009-2016 Microchip Technology Inc.
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20.2.3 BYTE-ORIENTED AND
BIT-ORIENTED INSTRUCTIONS IN
INDEXED LITERAL OFFSET MODE

Note:  Enabling the PIC18 instruction set exten-
sion may cause legacy applications to
behave erratically or fail entirely.

In addition to eight new commands in the extended set,
enabling the extended instruction set also enables
Indexed Literal Offset Addressing (Section 6.6.1
“Indexed Addressing with Literal Offset”). This has
a significant impact on the way that many commands of
the standard PIC18 instruction set are interpreted.

When the extended set is disabled, addresses embed-
ded in opcodes are treated as literal memory locations:
either as a location in the Access Bank (a =0) orin a
GPR bank designated by the BSR (a = 1). When the
extended instruction set is enabled and a = 0, however,
a file register argument of 5Fh or less is interpreted as
an offset from the pointer value in FSR2 and not as a
literal address. For practical purposes, this means that
all instructions that use the Access RAM bit as an
argument — that is, all byte-oriented and bit-oriented
instructions, or almost half of the core PIC18 instruc-
tions — may behave differently when the extended
instruction set is enabled.

When the content of FSR2 is 00h, the boundaries of the
Access RAM are essentially remapped to their original
values. This may be useful in creating
backward-compatible code. If this technique is used, it
may be necessary to save the value of FSR2 and
restore it when moving back and forth between C and
assembly routines in order to preserve the Stack
Pointer. Users must also keep in mind the syntax
requirements of the extended instruction set (see
Section 29.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”).

Although the Indexed Literal Offset mode can be very
useful for dynamic stack and pointer manipulation, it
can also be very annoying if a simple arithmetic opera-
tion is carried out on the wrong register. Users who are
accustomed to the PIC18 programming must keep in
mind that, when the extended instruction set is
enabled, register addresses of 5Fh or less are used for
Indexed Literal Offset Addressing.

Representative examples of typical byte-oriented and
bit-oriented instructions in the Indexed Literal Offset
mode are provided on the following page to show how
execution is affected. The operand conditions shown in
the examples are applicable to all instructions of these

types.

29.2.3.1 Extended Instruction Syntax with
Standard PIC18 Commands

When the extended instruction set is enabled, the file
register argument ‘f’ in the standard byte-oriented and
bit-oriented commands is replaced with the literal offset
value ‘k’. As already noted, this occurs only when f is
less than or equal to 5Fh. When an offset value is used,
it must be indicated by square brackets (‘[ ]’). As with
the extended instructions, the use of brackets indicates
to the compiler that the value is to be interpreted as an
index or an offset. Omitting the brackets, or using a
value greater than 5Fh within the brackets, will
generate an error in the MPASM Assembler.

If the index argument is properly bracketed for Indexed
Literal Offset Addressing, the Access RAM argument is
never specified; it will automatically be assumed to be
‘0’. This is in contrast to standard operation (extended
instruction set disabled), when ‘a’ is set on the basis of
the target address. Declaring the Access RAM bit in
this mode will also generate an error in the MPASM
Assembler.

The destination argument ‘d’ functions as before.

In the latest versions of the MPASM Assembler,
language support for the extended instruction set must
be explicitly invoked. This is done with either the
command line option, /y, or the PE directive in the
source listing.

2024 CONSIDERATIONS WHEN
ENABLING THE EXTENDED
INSTRUCTION SET

It is important to note that the extensions to the instruc-
tion set may not be beneficial to all users. In particular,
users who are not writing code that uses a software
stack may not benefit from using the extensions to the
instruction set.

Additionally, the Indexed Literal Offset Addressing
mode may create issues with legacy applications
written to the PIC18 assembler. This is because
instructions in the legacy code may attempt to address
registers in the Access Bank below 5Fh. Since these
addresses are interpreted as literal offsets to FSR2
when the instruction set extension is enabled, the
application may read or write to the wrong data
addresses.

When porting an application to the PIC18F47J53 fam-
ily, it is very important to consider the type of code. A
large, re-entrant application that is written in C and
would benefit from efficient compilation will do well
when using the instruction set extensions. Legacy
applications that heavily use the Access Bank will most
likely not benefit from using the extended instruction
set.

DS30009964C-page 494

© 2009-2016 Microchip Technology Inc.



PIC18F47J53

31.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(")

Ambient temperature UNAEr DIAS...........c.ooiiiiiiiii it e e e e se e e e e eaane s -40°C to +125°C
SEOrage tEMPEIATUIE ... ..ottt e e e et e e st s e e nnee -65°C to +150°C
Voltage on any digital only I/O pin or MCLR with respect to VSS (€XCept VDD) .........o.ovvevveeerreereeeeen. -0.3V t0 6.0V
Voltage on any combined digital and analog pin with respect to Vss (except VDD)..........cccevvuveeene -0.3V to (VDD + 0.3V)
Voltage on VDDCORE With reSPeCt t0 VSS........eiiiiiiiiii e -0.3V to 2.75V
Voltage on VDD With reSPECE 10 VSS ....coiiiiiiiiiie it -0.3V to 4.0V
Voltage on VUSB With reSPECE 10 VSS.....cueiiieiiie e e (VDD - 0.3V) to 4.0V
Total power diSSIPAtION (NOTE L) ....eiiiuiiiiiiiiet ettt a et ettt e et e s e e e et s et e e san e e e ebe e e eanneeenneean 1.0W
Maximum CUITENE OUL OF WSS PN ...veeiiiiiiiiiee et e e e e e et e e e e et be e e e e easbaeeeessnbaseaaeaanes 300 mA
Maximum CUITENT INTO VDD PIN ...eiiiiieiiiie ettt e e et e e ettt e e sase e e san e e e e sb e e e enneeeanneeas 250 mA
Maximum output current sunk by any PORTB, PORTC and RAB 1/O PiN........cccccieiiiieiiie e 25 mA
Maximum output current sunk by any PORTA (except RA6), PORTD and PORTE /O pin........ccccvvuvveiiieinniiinnnne. 8 mA
Maximum output current sourced by any PORTB, PORTC and RAB /O PiN .......ccccuiiiiiieiiieesiee e 25 mA
Maximum output current sourced by any PORTA (except RA6), PORTD and PORTE I/O pin .........ccccvvvvieinineennne. 8 mA
Maximum current SUNK DY @Il POIMS ...ttt e e e e eee e e e 200 mA
Maximum current SOUrCed DY all POIS .........uiiiiiie ettt 200 mA

Note 1. Power dissipation is calculated as follows:
Ppis= VDD x {IDD - IoH} +2 {(VDD — VOH) x IoH} + X (VOL x IOL)

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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31.2

DC Characteristics: Power-Down and Supply Current

PIC18F47J53 Family (Industrial) (Continued)

PIC18LF47J53 Family

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial

. Standard Operating Conditions (unless otherwise stated)

e R Operating temperature -40°C < TA < +85°C for industrial
Pal\rlz(a)m. Device Typ. | Max. | Units Conditions

Supply Current (Iob)@

PIC18LFXXJ53| 55 | 142 | pA | -40°C
58 | 142 | uA | +25°C
79 | 190 | pA | +85°C

VDD = 2.0V,
VDDCORE = 2.0V

PIC18LFXXJ53| 8.4 | 16.5 | pA -40°C

85 | 165 HA +25°C VD\S?:%REZfZBV Fosc = 31 kHz
1.3 | 256.0 | pA | +85°C (RC_RUN mode,
PIC18FXXJ53| 23.7 | 60.0 | pA | -40°C VDD = 2.15V Internal RC Oscillator,
27.8 | 60.0 | pA | +25°C | VDDCORE = 10 uF INTSRC =0)
340 | 700 | pA | +85°C Capacitor
PIC18FXXJ53| 26.1 | 70.0 | pA | -40°C VDD = 3.3V
296 | 70.0 | pA +25°C | VDDCORE = 10 uF

36.2 | 96.0 | pA | +85°C Capacitor

PIC18LFXXJ53| 0.87 | 1.5 mA | -40°C
0.91 1.5 mA | +25°C
095 | 16 mA | +85°C

VDD = 2.0V,
VDDCORE = 2.0

PIC18LFXXJ53| 1.23 | 2.0 | mA | -40°C
- VDD = 2.5V,

124 | 20 | mA | +25°C |\ 10 00 i

125 | 2.0 | mA | +85°C Fosc = 4 MHz,

° RC_RUN mode,
PICIBFXX153] 099 | 24 | mA | “40%C | Vop=215V, Internal RC Oscillator
1.02 24 mA +25°C | VDDCORE = 10 puF
1.06 | 2.6 mA | +85°C capacitor

PIC18FXXJ53| 1.31 | 26 | mA | -40°C VDD = 3.3V,
125 | 2.6 | mA | +25°C | VDDCORE = 10 pF
126 | 27 | mA | +85°C capacitor

Note 1:

The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured
with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that
add delta current disabled (such as WDT, Timer1 oscillator, BOR, etc.).
The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as
I/O pin loading and switching rate, oscillator type and circuit, internal code execution pattern and temperature,
also have an impact on the current consumption. All features that add delta current are disabled (USB module,
WDT, etc.). The test conditions for all IDD measurements in active operation mode are:

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

MCLR = VDD; WDT disabled unless otherwise specified.
Low-power Timer1 with standard, low-cost 32 kHz crystals have an operating temperature range of -10°C to
+70°C. Extended temperature crystals are available at a much higher cost.
This is the module differential current when the USB module is enabled and clocked at 48 MHz, but with no USB
cable attached. When the USB cable is attached or data is being transmitted, the current consumption may be
much higher (see Section 23.6.4 “USB Transceiver Current Consumption”). During USB Suspend mode
(USBEN =1, SUSPND =1, bus in Idle state), the USB module current will be dominated by the D+ or D- pull-up
resistor. The integrated pull-up resistors use “resistor switching” according to the r esi st or _ecn supplement to
the USB 2.0 Specifications, and therefore, may be as low as 900Q during Idle conditions.
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FIGURE 31-16:

I°C BUS START/STOP BITS TIMING

SCLx

Start Stop
Condition Condition
Note: Refer to Figure 31-4 for load conditions.
TABLE 31-24: 12C BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)
Pali\;g\m. Symbol Characteristic Min. Max. | Units Conditions
90 Tsu:sTA | Start Condition 100 kHz mode 4700 — ns | Only relevant for Repeated
Setup Time 400 kHz mode 600 — Start condition
91 THD:STA | Start Condition 100 kHz mode 4000 — ns | After this period, the first
Hold Time 400 kHz mode | 600 — clock pulse is generated
92 Tsu:sTO | Stop Condition 100 kHz mode 4700 — ns
Setup Time 400 kHz mode 600 —
93 THD:STO | Stop Condition 100 kHz mode 4000 — ns
Hold Time 400 kHz mode 600 —
FIGURE 31-17: I°C BUS DATA TIMING

Note:

103 = e

Refer to Figure 31-4 for load conditions.
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