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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

48MHz

12C, LINbus, SPI, UART/USART, USB
Brown-out Detect/Reset, POR, PWM, WDT
22

64KB (32K x 16)

FLASH

3.8Kx 8

2V ~ 2.75V

A/D 10x10b/12b

Internal

-40°C ~ 85°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)
28-SPDIP
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PIC18F47J53

Pin Diagrams (Continued)

44-Pin QFN

RC7/CCP10/PMA4/RX1/DT1/SDO1/RP18
RD4/PMD4/RP21

RD5/PMD5/RP22

RD6/PMD6/RP23

RD7/PMD7/RP24

Vss1

AVDD1

VDD1

RBO/AN12/C3IND/INTO/RP3
RB1/AN10/C3INC/PMBE/RTCC/RP4

RB2/AN8/C2INC/CTED1/PMA3/VMO/REFO/RP5

Legend:

Note:

RPn represents remappable pins.
Shaded pins are 5.5V tolerant.

For the QFN package, it is recommended that the bottom pad be connected to Vss.

RC2/AN11/C2IND/CTPLS/RP13
RC1/CCP8/T10SI/UOE/RP12
RCO0/T10SO/T1CKI/RP11
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RD3/PMD3/RP20
RD2/PMD2/RP19
RD1/PMD1/SDA2
RDO/PMDO0/SCL2

RC5/D+/VP
VusB

RC4/D-/VM

PIC18F4XJ53
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MCLR

RAO/ANO/C1INA/ULPWU/PMA6/RPO
RA3/AN3/C1INB/VREF+

RB6/CCP6/KBI2/PGC/RP9
RB7/CCP7/KBI3/PGD/RP10
RA1/AN1/C2INA/VBG/PMA7/RP1

RA2/AN2/C2INB/C1IND/C3INB/VREF-/CVREF
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RB4/CCP4/PMA1/KBI0/SCK1/SCL1/RP7
RB5/CCP5/PMA0/KBI1/SDI1/SDA1/RP8

1 OSC2/CLKO/RA6

[1 OSC1/CLKI/RA7

[ Vss2

] AVssi

1 VDD2

] AVDD2

] RE2/AN7/PMCS
RE1/AN6/PMWR

] REO/ANS/PMRD ____

] RA5/AN4/C1INC/SS1/HLVDIN/RCV/RP2

[] VDDCORE/VCAP
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PIC18F47J53

TABLE 1-1: DEVICE FEATURES FOR THE PIC18F2XJ53 (28-PIN DEVICES)

Features PIC18F26J53 PIC18F27J53
Operating Frequency DC - 48 MHz DC - 48 MHz
Program Memory (Kbytes) 64 128
Program Memory (Instructions) 32,768 65,536
Data Memory (Kbytes) 3.8 3.8
Interrupt Sources 30
1/0 Ports Ports A, B, C
Timers 8

Enhanced Capture/Compare/PWM Modules

3 ECCP and 7 CCP

Serial Communications

MSSP (2), Enhanced USART (2), USB

Parallel Communications (PMP/PSP)

No

10/12-Bit Analog-to-Digital Module

10 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full, Stack Underflow, MCLR, WDT

(PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

28-Pin QFN, SOIC, SSOP and SPDIP (300 mil)

TABLE 1-2: DEVICE FEATURES FOR THE PIC18F4XJ53 (44-PIN DEVICES)

Features PIC18F46J53 PIC18F47J353
Operating Frequency DC —48 MHz DC - 48 MHz
Program Memory (Kbytes) 64 128
Program Memory (Instructions) 32,768 65,536
Data Memory (Kbytes) 3.8 3.8
Interrupt Sources 30
1/0 Ports Ports A, B, C, D, E
Timers 8

Enhanced Capture/Compare/PWM Modules

3 ECCP and 7 CCP

Serial Communications

MSSP (2), Enhanced USART (2), USB

Parallel Communications (PMP/PSP)

Yes

10/12-Bit Analog-to-Digital Module

13 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full, Stack Underflow, MCLR, WDT

(PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages

44-Pin QFN and TQFP
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PIC18F47J53

2.2 Power Supply Pins
221 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins, such as VDD, Vss, AVDD and
AVSs, is required.

Consider the following criteria when using decoupling
capacitors:

* Value and type of capacitor: A 0.1 uF (100 nF),
10-20V capacitor is recommended. The capacitor
should be a low-ESR device, with a resonance
frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

» Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater
than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is
experiencing high-frequency noise (upward of
tens of MHz), add a second ceramic type capaci-
tor in parallel to the above described decoupling
capacitor. The value of the second capacitor can
be in the range of 0.01 puF to 0.001 pF. Place this
second capacitor next to each primary decoupling
capacitor. In high-speed circuit designs, consider
implementing a decade pair of capacitances as
close to the power and ground pins as possible
(e.g., 0.1 uF in parallel with 0.001 pF).

* Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum, thereby reducing PCB trace
inductance.

222 TANK CAPACITORS

On boards with power traces running longer than
six inches in length, it is suggested to use a tank capac-
itor for integrated circuits, including microcontrollers, to
supply a local power source. The value of the tank
capacitor should be determined based on the trace
resistance that connects the power supply source to
the device, and the maximum current drawn by the
device in the application. In other words, select the tank
capacitor so that it meets the acceptable voltage sag at
the device. Typical values range from 4.7 uF to 47 pF.

2.3 Master Clear (MCLR) Pin

The MCLR pin provides two specific device
functions: Device Reset, and Device Programming
and Debugging. If programming and debugging are
not required in the end application, a direct
connection to VDD may be all that is required. The
addition of other components, to help increase the
application’s resistance to spurious Resets from
voltage sags, may be beneficial. A typical
configuration is shown in Figure 2-1. Other circuit
designs may be implemented, depending on the
application’s requirements.

During programming and debugging, the resistance
and capacitance that can be added to the pin must
be considered. Device programmers and debuggers
drive the MCLR pin. Consequently, specific voltage
levels (VIH and VIL) and fast signal transitions must
not be adversely affected. Therefore, specific values
of R1 and C1 will need to be adjusted based on the
application and PCB requirements. For example, it is
recommended that the capacitor, C1, be isolated
from the MCLR pin during programming and
debugging operations by using a jumper (Figure 2-2).
The jumper is replaced for normal run-time
operations.

Any components associated with the MCLR pin
should be placed within 0.25 inch (6 mm) of the pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN
CONNECTIONS
VDD
R1
R2
MCLR
JP PIC18FXXJXX

C1

I o

Note 1: R1< 10 kQ is recommended. A suggested
starting value is 10 kQ. Ensure that the
MCLR pin VIH and VIL specifications are met.

2: R2< 470Q will limit any current flowing into
MCLR from the external capacitor, C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR pin
VIH and VIL specifications are met.
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PIC18F47J53

REGISTER 3-1: OSCTUNE: OSCILLATOR TUNING REGISTER (ACCESS F9Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INTSRC | PLLEN® TUN5 TUN4 TUN3 | TUN2 [ TUNT [ TUNO
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 INTSRC: Internal Oscillator Low-Frequency Source Select bit

1 = 31.25 kHz device clock derived from 8 MHz INTOSC source (divide-by-256 enabled)
0 = 31 kHz device clock derived directly from INTRC internal oscillator

bit 6 PLLEN: Frequency Multiplier Enable bit(1)

1 =96 MHz PLL is enabled
0 =96 MHz PLL is disabled

000000 = Center frequency; oscillator module is running at the calibrated frequency

bit 5-0 TUN<5:0>: Frequency Tuning bits
011111 = Maximum frequency
011110
000001
111111
100000 = Minimum frequency
Note 1:

the PLL.

3.3 Oscillator Settings for USB

When the PIC18F47J53 family devices are used for
USB connectivity, a 6 MHz or 48 MHz clock must be
provided to the USB module for operation in either
Low-Speed or Full-Speed modes, respectively. This
may require some forethought in selecting an oscillator
frequency and programming the device.

The full range of possible oscillator configurations
compatible with USB operation is shown in Table 3-5.

When the CFGPLLEN Configuration bit is used to enable the PLL, clearing OSCTUNE<6> will not disable

3.3.1 LOW-SPEED OPERATION

The USB clock for Low-Speed mode is derived from the
primary oscillator or from the 96 MHz PLL. In order to
operate the USB module in Low-Speed mode, a 6 MHz
clock must be provided to the USB module.

See Table 3-4 and Table 3-5 for possible combinations
which can be used for low-speed USB operation.

TABLE 3-4: CLOCK FOR LOW-SPEED USB
System Clock CPDIV<1:0> Microcontroller Clock LS48MHZ USB Clock
48 11 48 MHz 1 48/8 = 6 MHz
48 10 48/2 = 24 MHz 1 48/8 =6 MHz
48 01 48/3 = 16 MHz 1 48/8 = 6 MHz
48 00 48/6 = 8 MHz 1 48/8 = 6 MHz
24 11 24 MHz 0 24/4 = 6 MHz
24 10 24/2 = 12 MHz 0 24/4 = 6 MHz
24 01 24/3 = 8 MHz 0 24/4 = 6 MHz
24 00 24/6 = 4 MHz 0 24/4 = 6 MHz
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PIC18F47J53

3.7 Effects of Power-Managed Modes
on Various Clock Sources

When the PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled. Unless the USB
module is enabled, the OSC1 pin (and OSC2 pin if
used by the oscillator) will stop oscillating.

In secondary clock modes (SEC_RUN and SEC_lI-
DLE), the Timer1 oscillator is operating and providing
the device clock. The Timer1 oscillator may also run in
all power-managed modes if required to clock Timer1
or Timer3.

In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the device clock
source. The 31 kHz INTRC output can be used directly
to provide the clock and may be enabled to support
various special features regardless of the
power-managed mode (see Section 28.2 “Watchdog
Timer (WDT)”, Section 28.4 “Two-Speed Start-up”
and Section 28.5 “Fail-Safe Clock Monitor” for more
information on WDT, FSCM and Two-Speed Start-up).
The INTOSC output at 8 MHz may be used directly to
clock the device or may be divided down by the posts-
caler. The INTOSC output is disabled if the clock is pro-
vided directly from the INTRC output.

If Sleep mode is selected, all clock sources which are
no longer required are stopped. Since all the transistor
switching currents have been stopped, Sleep mode
achieves the lowest current consumption of the device
(only leakage currents) outside of Deep Sleep.

Sleep mode should not be invoked while the USB
module is enabled and operating in Full-Power mode.
Before Sleep mode is selected, the USB module should
be put in the suspend state. This is accomplished by
setting the SUSPND bit in the UCON register.

Enabling any on-chip feature that will operate during
Sleep mode increases the current consumed during
Sleep mode. The INTRC is required to support WDT
operation. The Timer1 oscillator may be operating to
support an RTC. Other features may be operating that
do not require a device clock source (i.e., MSSP slave,
PMP, INTx pins, etc.). Peripherals that may add
significant current consumption are listed in
Section 31.2 “DC Characteristics: Power-Down and
Supply Current PIC18F47J53 Family (Industrial)”.

3.8 Power-up Delays

Power-up delays are controlled by two timers so that no
external Reset circuitry is required for most applica-
tions. The delays ensure that the device is kept in
Reset until the device power supply is stable under
normal circumstances and the primary clock is operat-
ing and stable. For additional information on power-up
delays, see Section 5.6 “Power-up Timer (PWRT)".

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 31-14).

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (HS mode). The OST does
this by counting 1024 oscillator cycles before allowing
the oscillator to clock the device.

There is a delay of interval, TcsD (parameter 38,
Table 31-14), following POR, while the controller
becomes ready to execute instructions. This delay runs
concurrently with any other delays. This may be the only
delay that occurs when any of the internal oscillator or
EC modes are used as the primary clock source.
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PIC18F47J53

TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED

Power-on Reset, Mvsl[_ﬁ ngis .

Register Applicable Devices Brown-out Reset, | ororr ctruction Wake-up via WDT
Wake From Deep or Interrupt
Sleep Stack Resets
CM Resets

PMCONL PIC18F2XJ53 | PIC18F4XJ53 000- 0000 000- 0000 uuu- uuuu
PMMODEH PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMMODEL PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMDOUT2H PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMDOUT2L PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMDIN2H PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMDIN2L PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMEH PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMEL PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
PMSTATH PIC18F2XJ53 | PIC18F4XJ53 00-- 0000 00-- 0000 uu-- uuuu
PMSTATL PIC18F2XJ53 | PIC18F4XJ53 10-- 1111 10-- 1111 uu-- uuuu
CVRCON PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
CCPTMRSO PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
CCPTMRS1 PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
CCPTMRS2 PIC18F2XJ53 | PIC18F4XJ53 0000 0000 0000 0000 uuuu uuuu
DSGPR1(®) PIC18F2XJ53 | PIC18F4XJ53 uuuu uuuu uuuu uuuu uuuu uuuu
DSGPR0(®) PIC18F2XJ53 | PIC18F4XJ53 uuuu uuuu uuuu uuuu uuuu uuuu
DSCONH® PIC18F2XJ53 | PIC18F4XJ53 0--- --00 0--- --00 u--- --uu
DSCONL®) PIC18F2XJ53 | PIC18F4XJ53 ---- -000 ---- -000 ---- -uuu
DSWAKEH® | PIC18F2XJ53 | PIC18F4XJ53 S S —) S
DSWAKEL®) PIC18F2XJ53 | PIC18F4XJ53 g-9gq 9qg-9 0-00 00-0 u-uu uu-u
ANCON1 PIC18F2XJ53 | PIC18F4XJ53 00-0 0000 uu-u uuuu uu-u uuuu
ANCONO PIC18F2XJ53 | PIC18F4XJ53 0000 0000 uuuu uuuu uuuu uuuu
ALRMCFG PIC18F2XJ53 | PIC18F4XJ53 0000 0000 uuuu uuuu uuuu uuuu
ALRMRPT PIC18F2XJ53 | PIC18F4XJ53 0000 0000 uuuu uuuu uuuu uuuu
ALRMVALH PIC18F2XJ53 | PIC18F4XJ53 XXXX XXXX uuuu uuuu uuuu uuuu
ALRMVALL PIC18F2XJ53 | PIC18F4XJ53 XXXX XXXX uuuu uuuu uuuu uuuu
ODCON1 PIC18F2XJ53 | PIC18F4XJ53 ---- 0000 ---- uuuu ---- uuuu
ODCON2 PIC18F2XJ53 | PIC18F4XJ53 ---- --00 ---- --uu ---- --uu
ODCON3 PIC18F2XJ53 | PIC18F4XJ53 ---- --00 ---- --uu ---- --uu
RTCCFG PIC18F2XJ53 | PIC18F4XJ53 0- 00 0000 u- uu uuuu u- uu uuuu
RTCCAL PIC18F2XJ53 | PIC18F4XJ53 0000 0000 uuuu uuuu uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.
Note 1. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

2. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

vector (0008h or 0018h).

One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).
See Table 5-1 for Reset value for specific condition.
Not implemented for PIC18F2XJ53 devices.

Not implemented for “LF” devices.

© 2009-2016 Microchip Technology Inc.
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PIC18F47J53

REGISTER 10-1: ODCON1: PERIPHERAL OPEN-DRAIN CONTROL REGISTER 1 (BANKED F42h)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CCP80OD CCP70D CCP60OD CCP50D CCP40D ECCP30D ‘ ECCP20D ‘ ECCP10D
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 CCP80OD: CCP8 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 6 CCP70D: CCP7 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 5 CCP60D: CCP6 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 4 CCP50D: CCP5 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 3 CCP40D: CCP4 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 2 ECCP30D: ECCP3 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 1 ECCP20D: ECCP2 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 0 ECCP10D: ECCP1 Open-Drain Output Enable bit

1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
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Choosing the configuration requires the review of all
PPSs and their pin assignments, especially those that
will not be used in the application. In all cases, unused
pin selectable peripherals should be disabled com-
pletely. Unused peripherals should have their inputs
assigned to an unused RPn pin function. 1/O pins with
unused RPn functions should be configured with the
null peripheral output.

The assignment of a peripheral to a particular pin does
not automatically perform any other configuration of the
pin’s /O circuitry. In theory, this means adding a pin-
selectable output to a pin may mean inadvertently
driving an existing peripheral input when the output is
driven. Users must be familiar with the behavior of
other fixed peripherals that share a remappable pin and
know when to enable or disable them. To be safe, fixed
digital peripherals that share the same pin should be
disabled when not in use.

Along these lines, configuring a remappable pin for a
specific peripheral does not automatically turn that
feature on. The peripheral must be specifically config-
ured for operation and enabled, as if it were tied to a
fixed pin. Where this happens in the application code
(immediately following device Reset and peripheral
configuration or inside the main application routine)
depends on the peripheral and its use in the
application.

A final consideration is that the PPS functions neither
override analog inputs nor reconfigure pins with analog
functions for digital 1/0. If a pin is configured as an
analog input on device Reset, it must be explicitly
reconfigured as digital /0 when used with a PPS.

Example 10-7 provides a configuration for bidirectional
communication with flow control using EUSART2. The
following input and output functions are used:

¢ Input Function RX2
* OQutput Function TX2

EXAMPLE 10-7: CONFIGURING EUSART2
INPUT AND OUTPUT

FUNCTIONS

BE R R R R R R R R R R R R R R R R R R R R R
’

; Unl ock Registers
BE R R R R R R R R R R R R R R R R R R R

MOVLB  OxOE PPS regi sters in BANK 14
BCF INTCON, GE; Disable interrupts
MOVLW  0x55

MOVWAF  EECON2, O

MOVLW  OxAA

MOVWAF  EECON2, O
Turn off PPS Wite Protect
BCF PPSCON, | OLOCK, BANKED

ckkkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk
’

; Configure |Input Functions
(See Tabl e 10-13)

chkkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkk
ckkkkhkkhkhkhkhkhkhkhkhkhkhkkhkhkkhkkkk ok ok ok
Assign RX2 To Pin RPO
ckkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkk
MOVLW  0x00
MOV RPI NR16, BANKED

ckkkkkkkhkhkkhkhhkhkhkhk Kk kK kA kA kk ok ok ok
’

Configure Qutput Functions
(See Tabl e 10-14)

ckkkkhkkhkhkhkhkhkhkhkhkkhk kA hkhkhkkkkkkk
ckkkkkkkkhkhkhkkkhkkhkkkhkkhkkkhkk ok k
Assign TX2 To Pin RP1
ckkkkkkhkhkhkhkhkhkhkhkhkhk kA hkhkhkkhkk ok ok ok
MOVLW  0x06
MOWIF  RPOR1, BANKED

BE R R R R R R R R R R R R R R R R R R R R
’

Lock Registers

ckkkkkkkhkkkhkh kA h kA k Kk kK kA hhkhkhkhkhkkkkhkhk*x
’

BCF INTCON, G E
MOVLW  0x55

MOVW  EECON2, O
MOVLW  OxAA

MOVWF  EECON2, O

Wite Protect PPS
BSF PPSCON, | OLOCK, BANKED

Note: If the Configuration bit, IOL1WAY = 1,
once the IOLOCK bit is set, it cannot be
cleared, preventing any future RP register
changes. The IOLOCK bit is cleared back
to ‘0’ on any device Reset.

© 2009-2016 Microchip Technology Inc.

DS30009964C-page 159



PIC18F47J53

WAITB<1:0> = m—»‘

- | —>
—| -—

|<— WAITE<1:0> = 00!
WAITM<3:0>=0010

FIGURE 11-15: WRITE TIMING, 8-BIT DATA, PARTIALLY MULTIPLEXED ADDRESS
lat]az2|a3|a4|a1|a2]a3|a4|at|a2|a3|a4|at|az|a3|as]Ql|a2|a3|4|at|a2]|a3|a4]
PMCS1 [ L C
PMD<7:0> —{_Address<7:0> | . Data . }
PMWR J . Z
PMRD . L L J
PMALL J \ : E
PMPIF L L /
BUSY _ T
FIGURE 11-16: WRITE TIMING, 8-BIT DATA, WAIT STATES ENABLED,
PARTIALLY MULTIPLEXED ADDRESS
|Q1---!Q1---!Q1---!Q1---!Q1---!Q1---[Q1---!Q1---!Q1---[Q1---!Q1---!Q1---!Q1---!Q1---|
PMCS1 / . |
PMD<7:0> ——{ Address<7:0> ) ' Data }
PMWR ] Z \
PMRD l . . . ' ' '
PMALL l l ) . ! . . . . . . . .
PMPIF ' ' l l 2 Z [
BUSY / \

FIGURE 11-17: READ TIMING, 8-BIT DATA, PARTIALLY MULTIPLEXED ADDRESS,
ENABLE STROBE
| a1 |QZ|Q3|Q4!Q1 |Q2|Q3|Q4!Q1 !Q2|Q3|Q4!Q1 |QZ|Q3|Q4!Q1 |az|@3|a4|Q1]Q2|Q3| Q4|

PMCS1 } : Lo E i E

PMD<7:0> ———————————4:]§@E§§§igjj ? [:ﬁg@j} E
PMRD/PMWR ' : I E f T E
PMENB SRR B E

PMPIF I I : %
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REGISTER 15-3:

OSCCON2: OSCILLATOR CONTROL REGISTER 2 (ACCESS F87h)

u-0 R-0@ u-0 R/W-1 R/W-0) R/W-1 u-0 u-0
_ SOSCRUN _ SOSCDRV | SOSCGO®) PRISD _ _
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 Unimplemented: Read as ‘0’
bit 6 SOSCRUN: SOSC Run Status bit

1 = System clock comes from secondary SOSC
0 = System clock comes from an oscillator other than SOSC

bit 5 Unimplemented: Read as ‘0’
bit 4 SOSCDRYV: SOSC Drive Control bit

1 = T10SC/SOSC circuit oscillator drive circuit selected by Configuration bits, CONFIG2L<4:3>
0 = Low-power T1OSC/SOSC circuit is selected

bit 3 SOSCGO: Oscillator Start Control bit
1 = Turns on the oscillator, even if no peripherals are requesting it.
0 = Oscillator is shut off unless peripherals are requesting it
bit 2 PRISD: Primary Oscillator Drive Circuit shutdown
1 = Oscillator drive circuit on
0 = Oscillator drive circuit off (zero power)

bit 1-0 Unimplemented: Read as ‘0’

Note 1. Resetvalueis ‘0’ when Two-Speed Start-up is enabled and ‘1’ if disabled.
2: Default output frequency of INTOSC on Reset (4 MHz).

3:  When the SOSC is selected to run from a digital clock input, rather than an external crystal, this bit has no
effect.
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17.0 REAL-TIME CLOCK AND
CALENDAR (RTCC)

The key features of the Real-Time Clock and Calendar
(RTCC) module are:

» Time: hours, minutes and seconds

» 24-hour format (military time)

» Calendar: weekday, date, month and year

» Alarm configurable

* Year range: 2000 to 2099

» Leap year correction

* BCD format for compact firmware

» Optimized for low-power operation

* User calibration with auto-adjust

« Calibration range: +2.64 seconds error per month
* Requirements: external 32.768 kHz clock crystal
» Alarm pulse or seconds clock output on RTCC pin

FIGURE 17-1: RTCC BLOCK DIAGRAM

The RTCC module is intended for applications where
accurate time must be maintained for an extended
period with minimum to no intervention from the CPU.
The module is optimized for low-power usage in order
to provide extended battery life while keeping track of
time.

The module is a 100-year clock and calendar with auto-
matic leap year detection. The range of the clock is
from 00:00:00 (midnight) on January 1, 2000 to
23:59:59 on December 31, 2099. Hours are measured
in 24-hour (military time) format. The clock provides a
granularity of one second with half-second visibility to
the user.

RTCC Clock Domain

32.768 kHz Input
from Timer1 Oscillator

RTCC Prescalers
Internal RC

RTCC Timer

Alarm

Repeat Counter |

CPU Clock Domain

r— - — — — |
| |
RTCCFG |
ALRMRPT (T
| | YEAR
| | MTHDY
RTCVAL | <<
| I WKDYHR
| | MINSEC
N
| |~
| | ALMTHDY
| A | ALMINSEC

. RTCC Interrupt Logic

—|—> RTCC Interrupt

I
I
I
I
I
| Compare Registers
i
I
I
I
I
I
I

| arm Fulse
Alarm Pul I,/\ %

RTCC Pin
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REGISTER 17-11: HOURS: HOURS VALUE REGISTER(®

u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— — HRTEN1 HRTENO HRONE3 HRONE2 HRONE1 HRONEO
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 7-6 Unimplemented: Read as ‘0’
bit 5-4 HRTEN<1:0>: Binary Coded Decimal Value of Hour’s Tens Digit bits

Contains a value from 0 to 2.

bit 3-0 HRONE<3:0>: Binary Coded Decimal Value of Hour’s Ones Digit bits

Contains a value from 0 to 9.

Note 1: A write to this register is only allowed when RTCWREN = 1.

REGISTER 17-12: MINUTES: MINUTES VALUE REGISTER

uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— MINTEN2 MINTENA1 MINTENO | MINONE3 MINONE2 MINONE1 MINONEO
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 Unimplemented: Read as ‘0’
bit 6-4 MINTEN<2:0>: Binary Coded Decimal Value of Minute’s Tens Digit bits

Contains a value from 0 to 5.

bit 3-0 MINONE<3:0>: Binary Coded Decimal Value of Minute’s Ones Digit bits

Contains a value from 0 to 9.

REGISTER 17-13: SECONDS: SECONDS VALUE REGISTER

u-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

— SECTEN2 SECTEN1 | SECTENO | SECONE3 | SECONE2 SECONE1 | SECONEO
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’ = Bitis cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 SECTEN<2:0>: Binary Coded Decimal Value of Second’s Tens Digit bits

Contains a value from 0 to 5.

bit 3-0 SECONE<3:0>: Binary Coded Decimal Value of Second’s Ones Digit bits

Contains a value from 0 to 9.
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20.3.1 REGISTERS

Each MSSP module has four registers for SPI mode

operation. These are:

* MSSPx Control Register 1 (SSPxCON1)

* MSSPx Status Register (SSPxSTAT)

» Serial Receive/Transmit Buffer Register
(SSPxBUF)

* MSSPx Shift Register (SSPxSR) — Not directly
accessible

SSPxCON1 and SSPxSTAT are the control and status
registers in SPI mode operation. The SSPxCON1
register is readable and writable. The lower six bits of
the SSPxSTAT are read-only. The upper two bits of the
SSPxSTAT are read/write.

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

In receive operations, SSPxSR and SSPxBUF
together, create a double-buffered receiver. When
SSPxSR receives a complete byte, it is transferred to
SSPxBUF and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not
double-buffered. A write to SSPxBUF will write to both
SSPxBUF and SSPxSR.

REGISTER 20-1: SSPxSTAT: MSSPx STATUS REGISTER (SPI MODE) (ACCESS 1, 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 P s | rRW | ua BF
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 SMP: Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode.

bit 6 CKE: SPI Clock Select bitH

1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state

Used in I°C mode only; this bit is cleared when the MSSP module is disabled, SSPEN is cleared.

bit 5 D/A: Data/Address bit
Used in 12C mode only.
bit 4 P: Stop bit
bit 3 S: Start bit
Used in 12C mode only.
bit 2 R/W: Read/Write Information bit
Used in 1°C mode only.
bit 1 UA: Update Address bit
Used in 12C mode only.
bit 0 BF: Buffer Full Status bit

1 = Receive complete, SSPxBUF is full

0 = Receive not complete, SSPxBUF is empty

Note 1: Polarity of the clock state is set by the CKP bit (SSPxCON1<4>).

© 2009-2016 Microchip Technology Inc.
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REGISTER 20-5: SSPxSTAT: MSSPx STATUS REGISTER (I°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@d | uA | 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 SMP: Slew Rate Control bit

In Master or Slave mode:
1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for High-Speed mode (400 kHz)
bit 6 CKE: SMBus Select bit
In Master or Slave mode:
1 = Enable SMBus specific inputs
0 = Disable SMBus specific inputs
bit 5 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
bit 4 P: Stop bit™®
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
bit 3 S: Start bit™®
1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last
bit 2 R/W: 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
bit 1 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
bit 0 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)

Note 1: This bit is cleared on Reset and when SSPEN is cleared.

2:  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.

3:  ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSPx is in Active mode.
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21.2 EUSART Asynchronous Mode

The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTAx<4>). In this mode, the
EUSART uses standard Non-Return-to-Zero (NRZ)
format (one Start bit, eight or nine data bits and one Stop
bit). The most common data format is 8 bits. An on-chip
dedicated 8-bit/16-bit BRG can be used to derive
standard baud rate frequencies from the oscillator.

The EUSART transmits and receives the LSb first. The
EUSART’s transmitter and receiver are functionally
independent but use the same data format and baud
rate. The BRG produces a clock, either x16 or x64 of the
bit shift rate, depending on the BRGH and BRG16 bits
(TXSTAx<2> and BAUDCONx<3>). Parity is not
supported by the hardware but can be implemented in
software and stored as the ninth data bit.

When operating in Asynchronous mode, the EUSART
module consists of the following important elements:

» Baud Rate Generator

» Sampling Circuit

» Asynchronous Transmitter

* Asynchronous Receiver

» Auto-Wake-up on Sync Break Character

» 12-Bit Break Character Transmit

* Auto-Baud Rate Detection

EUSART ASYNCHRONOUS
TRANSMITTER

Figure 21-3 displays the EUSART transmitter block
diagram.

21.21

The heart of the transmitter is the Transmit (Serial) Shift
Register (TSR). The shift register obtains its data from
the Read/Write Transmit Buffer register, TXREGx. The
TXREGXx register is loaded with data in software. The
TSR register is not loaded until the Stop bit has been
transmitted from the previous load. As soon as the Stop
bit is transmitted, the TSR is loaded with new data from
the TXREGx register (if available).

FIGURE 21-3:

Once the TXREGx register transfers the data to the TSR
register (occurs in one Tcy), the TXREGx register is
empty and the TXxIF flag bit is set. This interrupt can be
enabled or disabled by setting or clearing the interrupt
enable bit, TXxIE. TXxIF will be set regardless of the
state of TXXIE; it cannot be cleared in software. TXxIF is
also not cleared immediately upon loading TXREGX, but
becomes valid in the second instruction cycle following
the load instruction. Polling TXxIF immediately following
a load of TXREGx will return invalid results.

While TXxIF indicates the status of the TXREGx
register; another bit, TRMT (TXSTAx<1>), shows the
status of the TSR register. TRMT is a read-only bit,
which is set when the TSR register is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory, so it is not available to the user.
2: Flag bit, TXxIF, is set when enable bit,

TXEN, is set.
To set up an Asynchronous Transmission:

1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

3. Ifinterrupts are desired, set enable bit, TXxIE.

4. If 9-bit transmission is desired, set transmit bit,
TX9; can be used as an address/data bit.

5. Enable the transmission by setting bit, TXEN,
which will also set bit, TXxIF.

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

7. Load data to the TXREGx register (starts
transmission).

8. [Ifusing interrupts, ensure that the GIE and PEIE

bits in the INTCON register (INTCON<7:6>) are
set.

EUSART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREGXx Register ‘

Interrupt

TXEN | Baud Rate CLK

BRG16 SPBRGHx| SPBRGx

Baud Rate Generator

LSb .
ol . Pin Buffer
\ and Control
________ X TXx Pin
| TRMT | | SPEN |

© 2009-2016 Microchip Technology Inc.

DS30009964C-page 347



PIC18F47J53

23.2 USB Status and Control

The operation of the USB module is configured and
managed through three control registers. In addition, a
total of 22 registers are used to manage the actual USB
transactions. The registers are:

« USB Control register (UCON)

+ USB Configuration register (UCFG)

» USB Transfer Status register (USTAT)

» USB Device Address register (UADDR)

» Frame Number registers (UFRMH:UFRML)

» Endpoint Enable registers 0 through 15 (UEPN)

23.2.1 USB CONTROL REGISTER (UCON)

The USB Control register (Register 23-1) contains bits
needed to control the module behavior during transfers.
The register contains bits that control the following:

* Main USB Peripheral Enable

* Ping-Pong Buffer Pointer Reset

+ Control of the Suspend mode

» Packet Transfer Disable

In addition, the USB Control register contains a status
bit, SEO (UCON<5>), which is used to indicate the
occurrence of a single-ended zero on the bus. When
the USB module is enabled, this bit should be

monitored to determine whether the differential data
lines have come out of a single-ended zero condition.
This helps to differentiate the initial power-up state from
the USB Reset signal.

The overall operation of the USB module is controlled
by the USBEN bit (UCON<3>). Setting this bit activates
the module and resets all of the PPBI bits in the Buffer
Descriptor Table (BDT) to ‘0’. This bit also activates the
internal pull-up resistors if they are enabled. Thus, this
bit can be used as a soft attach/detach to the USB.
Although all status and control bits are ignored when
this bit is clear, the module needs to be fully preconfig-
ured prior to setting this bit. The USB clock source
should have been already configured for the correct
frequency and running. If the PLL is being used, it
should be enabled at least 2 ms (enough time for the
PLL to lock) before attempting to set the USBEN bit.

Note:  When disabling the USB module, make
sure the SUSPND bit (UCON<1>) is clear
prior to clearing the USBEN bit. Clearing
the USBEN bit when the module is in the
suspended state may prevent the module
from fully powering down

DS30009964C-page 372
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23.41.3 BDnSTAT Register (SIE Mode)

When the BD and its buffer are owned by the SIE, most
of the bits in BDnSTAT take on a different meaning. The
configuration is shown in Register 23-6. Once UOWN
is set, any data or control settings previously written
there by the user will be overwritten with data from the
SIE.

The BDnSTAT register is updated by the SIE with the
token Packet Identifier (PID) which is stored in
BDnSTAT<5:2>. The transfer count in the correspond-
ing BDNnCNT register is updated. Values that overflow
the 8-bit register carry over to the two most significant
digits of the count, stored in BDnSTAT<1:0>.

23.4.2 BD BYTE COUNT

The byte count represents the total number of bytes
that will be transmitted during an IN transfer. After an IN
transfer, the SIE will return the number of bytes sent to
the host.

For an OUT transfer, the byte count represents the
maximum number of bytes that can be received and
stored in USB RAM. After an OUT transfer, the SIE will
return the actual number of bytes received. If the
number of bytes received exceeds the corresponding
byte count, the data packet will be rejected and a NAK
handshake will be generated. When this happens, the
byte count will not be updated.

The 10-bit byte count is distributed over two registers.
The lower 8 bits of the count reside in the BDnCNT
register. The upper two bits reside in BDnSTAT<1:0>.
This represents a valid byte range of 0 to 1023.

2343 BD ADDRESS VALIDATION

The BD Address register pair contains the starting RAM
address location for the corresponding endpoint buffer.
No mechanism is available in hardware to validate the
BD address.

If the value of the BD address does not point to an
address in the USB RAM, or if it points to an address
within another endpoint’s buffer, data is likely to be lost
or overwritten. Similarly, overlapping a receive buffer
(OUT endpoint) with a BD location in use can yield
unexpected results. When developing USB
applications, the user may want to consider the
inclusion of software-based address validation in their
code.

REGISTER 23-6: BDnSTAT: BUFFER DESCRIPTOR n STATUS REGISTER (BDOSTAT THROUGH
BD63STAT), SIE MODE (DATA RETURNED BY THE SIE TO THE MCU)

R/W-x r-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
UOWN r | PD3 | PID2 PID1 PDO | BCO | BCs
bit 7 bit 0
Legend: r = Reserved 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 UOWN: USB Own bit
1 = The SIE owns the BD and its corresponding buffer
bit 6 Reserved: Not written by the SIE
bit 5-2 PID<3:0>: Packet Identifier bits

The received token PID value of the last transfer (IN, OUT or SETUP transactions only).

bit 1-0 BC<9:8>: Byte Count 9 and 8 bits

These bits are updated by the SIE to reflect the actual number of bytes received on an OUT transfer
and the actual number of bytes transmitted on an IN transfer.
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23.5 USB Interrupts

The USB module can generate multiple interrupt con-
ditions. To accommodate all of these interrupt sources,
the module is provided with its own interrupt logic
structure, similar to that of the microcontroller. USB
interrupts are enabled with one set of control registers
and trapped with a separate set of flag registers. All
sources are funneled into a single USB interrupt
request, USBIF (PIR2<4>), in the microcontroller’s
interrupt logic.

FIGURE 23-7:

Figure 23-7 provides the interrupt logic for the USB
module. There are two layers of interrupt registers in
the USB module. The top level consists of overall USB
status interrupts; these are enabled and flagged in the
UIE and UIR registers, respectively. The second level
consists of USB error conditions, which are enabled
and flagged in the UEIR and UEIE registers. An
interrupt condition in any of these triggers a USB Error
Interrupt Flag (UERRIF) in the top level.

Interrupts may be used to trap routine events in a USB
transaction. Figure 23-8 provides some common
events within a USB frame and its corresponding
interrupts.

USB INTERRUPT LOGIC FUNNEL

Second Level USB Interrupts
(USB Error Conditions)

UEIR (Flag) and UEIE (Enable) Registers

Top Level USB Interrupts
(USB Status Interrupts)

UIR (Flag) and UIE (Enable) Registers

SOFIF
SOFIE
BTSEF
BTSEE TRNIF USBIF
TRNIE >
BTOEF
BTOEE Dﬁ
IDLEIF
DFNSEF IDLEIE
DFN8EE UERRIF
CRC16EF UERRIE
CRC16EE
STALLIF
CRC5EF
CRC5EE Dﬁ STALL'ED
PDE — ACTVIF
PIDEE
ACTVIE D‘
URSTIF
URSTIE:Di

FIGURE 23-8: EXAMPLE OF A USB TRANSACTION AND INTERRUPT EVENTS
From Host From Host To Host
=ISETUPToken‘ Data ‘ ACK |—> Set TRNIF
From Host To Host From Host
USB Reset >| IN Token ‘ Data ‘ ACK Set TRNIF
URSTIF
From Host  From Host To Host
Sta“'OféFéaFT'f (SOF) OUT Token ‘ Empty Data ‘ ACK Set TRNIF
|<7 Transaction —>| —
Transaction
Complete
RESET SOF SETUP DATA STATUS , SOF
N %
Differential Dateﬂ L g \\ gg ’
; i b
‘ <—>{ Control Transfer(®
- »1 1 ms Frame
Note 1: The control transfer shown here is only an example showing events that can occur for every transaction. Typical
control transfers will spread across multiple frames.
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TABLE 29-2: PIC18F47J53 FAMILY INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f, b, a |Bit Clear f 1 1001 bbba ffff ffff |[None 1,2
BSF f,b,a |Bit Setf 1 1000 bbba ffff ffff |[None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20r3)/1011 bbba ffff ffff [None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20r3)/1010 bbba ffff ffff [None 3,4
BTG f, b, a |Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn |None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn |None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn |None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn |None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn |None
BRA n Branch Unconditionally 2 1101 Onnn nnnn nnnn |None
Bz n Branch if Zero 1(2) 1110 0000 nnnn nnnn |None
CALL n,s Call Subroutine 1st word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk kkkk kkkk|
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to Address  1st word 2 1110 1111 kkkk kkkk |[None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 xxxx XxxxXX Xxxxx |None 4
POP — Pop Top of Return Stack (TOS) |1 0000 0000 0000 0110 |None
PUSH — Push Top of Return Stack (TOS) |1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1nnn nnnn nnnn |None
RESET Software Device Reset 1 0000 0000 1111 1111 |Al
RETFIE s Return from Interrupt Enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW k Return with Literal in WREG 2 0000 1100 kkkk kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD

Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that

value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a ‘0’.

2: Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared
if assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all
program memory locations have a valid instruction.
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TABLE 31-16: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

PaNrsm. Symbol Characteristic Min. Max. | Units | Conditions
40 TTOH TOCKI High Pulse Width No prescaler 0.5Tecy + 20 — ns
With prescaler 10 — ns
41 TTOL TOCKI Low Pulse Width No prescaler 0.5Tcy + 20 — ns
With prescaler 10 — ns
42 TTOP TOCKI Period No prescaler Tcy +10 — ns
With prescaler| Greater of: — ns |N = prescale
20 ns or value
(Tcy + 40)/N (1,2, 4,..., 256)
45 TT1H T1CKI/T3CKI|Synchronous, no prescaler 0.5Tey + 20 — ns
High Time Synchronous, with prescaler 10 — ns
Asynchronous 30 — ns
46 TT1L T1CKI/T3CKI|Synchronous, no prescaler 0.5Tcy +5 — ns
Low Time Synchronous, with prescaler 10 — ns
Asynchronous 30 — ns
47 TT1P T1CKI/T3CKI|Synchronous Greater of: — ns |N = prescale
Input Period 20 ns or value
(Tcy + 40)/N (1,2, 4,8)
Asynchronous 83 — ns
FT1 T1CKI Input Frequency Range™® DC 12 MHz
48 Tcke2TMRI |Delay from External T1CKI Clock Edge to 2 Tosc 7Tosc| —
Timer Increment

Note 1: The Timer1 oscillator is designed to drive 32.768 kHz crystals. When T1CKl is used as a digital input,
frequencies up to 12 MHz are supported.

FIGURE 31-9: ENHANCED CAPTURE/COMPARE/PWM TIMINGS
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Note: Refer to Figure 31-4 for load conditions.
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