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"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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC18F85J11 FAMILY
3.2 Control Registers

The OSCCON register (Register 3-1) controls the main
aspects of the device clock’s operation. It selects the
oscillator type to be used, which of the power-managed
modes to invoke and the output frequency of the
INTOSC source. It also provides status on the
oscillators.

The OSCTUNE register (Register 3-2) controls the
tuning and operation of the internal oscillator block. It
also implements the PLLEN bits which control the
operation of the Phase Locked Loop (PLL) in Internal
Oscillator modes (see Section 3.4.3 “PLL Frequency
Multiplier”).

       

REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-1 R/W-0 R/W-0 R(1) R-0 R/W-0 R/W-0

IDLEN IRCF2(2) IRCF1(2) IRCF0(2) OSTS IOFS SCS1(4) SCS0(4)

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 IDLEN: Idle Enable bit

1 = Device enters an Idle mode when a SLEEP instruction is executed
0 = Device enters Sleep mode when a SLEEP instruction is executed

bit 6-4 IRCF<2:0>: INTOSC Source Frequency Select bits(2)

111 =  8 MHz (INTOSC drives clock directly)
110 =  4 MHz 
101 =  2 MHz 
100 =  1 MHz (default)
011 =  500 kHz 
010 =  250 kHz
001 =  125 kHz
000 =  31 kHz (from either INTOSC/256 or INTRC)(3)

bit 3 OSTS: Oscillator Start-up Time-out Status bit(1)

1 = Oscillator Start-up Timer (OST) time-out has expired; primary oscillator is running
0 = Oscillator Start-up Timer (OST) time-out is running; primary oscillator is not ready

bit 2 IOFS: INTOSC Frequency Stable bit 

1 = Fast RC oscillator frequency is stable
0 = Fast RC oscillator frequency is not stable

bit 1-0 SCS<1:0>: System Clock Select bits(4)

11 = Internal oscillator block
10 = Primary oscillator
01 = Timer1 oscillator

When FOSC2 = 1:
00 = Primary oscillator

When FOSC2 = 0:
00 = Internal oscillator

Note 1: Reset state depends on the state of the IESO Configuration bit.

2: Modifying these bits will cause an immediate clock frequency switch if the internal oscillator is providing 
the device clocks.

3: Source selected by the INTSRC bit (OSCTUNE<7>), see text.

4: Modifying these bits will cause an immediate clock source switch.
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3.3 Clock Sources and 
Oscillator Switching

Essentially, PIC18F85J11 family devices have three
independent clock sources:

• Primary oscillators
• Secondary oscillators
• Internal oscillator

The primary oscillators can be thought of as the main
device oscillators. These are any external oscillators
connected to the OSC1 and OSC2 pins, and include
the External Crystal and Resonator modes and the
External Clock modes. In some circumstances, the
internal oscillator block may be considered a primary
oscillator. The particular mode is defined by the FOSC
Configuration bits. The details of these modes are
covered in Section 3.4 “External Oscillator Modes”.

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

PIC18F85J11 family devices offer the Timer1 oscillator
as a secondary oscillator source. This oscillator, in all
power-managed modes, is often the time base for
functions such as a Real-Time Clock. The Timer1 oscil-
lator is discussed in greater detail in Section 13.3
“Timer1 Oscillator”

In addition to being a primary clock source in some cir-
cumstances, the internal oscillator is available as a
power-managed mode clock source. The INTRC
source is also used as the clock source for several
special features, such as the WDT and Fail-Safe Clock
Monitor. The internal oscillator block is discussed in
more detail in Section 3.5 “Internal Oscillator
Block”.

The PIC18F85J11 family includes features that allow
the device clock source to be switched from the main
oscillator, chosen by device configuration, to one of the
alternate clock sources. When an alternate clock
source is enabled, various power-managed operating
modes are available.

REGISTER 3-2: OSCTUNE: OSCILLATOR TUNING REGISTER

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(1) TUN5 TUN4 TUN3 TUN2 TUN1 TUN0

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 from INTRC 31 kHz oscillator

bit 6 PLLEN: Frequency Multiplier PLL Enable bit(1)

1 = PLL is enabled
0 = PLL is disabled

bit 5-0 TUN<5:0>: Fast RC Oscillator (INTOSC) Frequency Tuning bits

011111 = Maximum frequency
•                       •
•                       •
000001 
000000 = Center frequency. Fast RC oscillator is running at the calibrated frequency.
111111 
•                       •
•                       •
100000 = Minimum frequency

Note 1: Available only for ECPLL and HSPLL oscillator configurations; otherwise, this bit is unavailable and reads 
as ‘0’.
 2010 Microchip Technology Inc. DS39774D-page 37
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12.1 Timer0 Operation

Timer0 can operate as either a timer or a counter. The
mode is selected with the T0CS bit (T0CON<5>). In
Timer mode (T0CS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 12.3 “Prescaler”). If the
TMR0 register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMR0 register.

The Counter mode is selected by setting the T0CS bit
(= 1). In this mode, Timer0 increments either on every
rising or falling edge of pin RA4/T0CKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit, T0SE (T0CON<4>). Clearing this bit selects
the rising edge. Restrictions on the external clock input
are discussed below.

An external clock source can be used to drive Timer0;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

internal phase clock (TOSC). There is a delay between
synchronization and the onset of incrementing the
timer/counter.

12.2 Timer0 Reads and Writes in 
16-Bit Mode

TMR0H is not the actual high byte of Timer0 in 16-bit
mode. It is actually a buffered version of the real high
byte of Timer0 which is not directly readable nor writ-
able (refer to Figure 12-2). TMR0H is updated with the
contents of the high byte of Timer0 during a read of
TMR0L. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte were valid, due to a rollover between
successive reads of the high and low byte. 

Similarly, a write to the high byte of Timer0 must also
take place through the TMR0H Buffer register. The high
byte is updated with the contents of TMR0H when a
write occurs to TMR0L. This allows all 16 bits of Timer0
to be updated at once.

FIGURE 12-1: TIMER0 BLOCK DIAGRAM (8-BIT MODE)    

FIGURE 12-2: TIMER0 BLOCK DIAGRAM (16-BIT MODE)    

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from T0CKI max. prescale.
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FIGURE 17-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)      

FIGURE 17-6: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)      
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FIGURE 17-10: I2C™ SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESSING) 
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19.0 ADDRESSABLE UNIVERSAL 
SYNCHRONOUS 
ASYNCHRONOUS RECEIVER 
TRANSMITTER (AUSART)

The Addressable Universal Synchronous Asynchro-
nous Receiver Transmitter (AUSART) module is very
similar in function to the Enhanced USART module
discussed in the previous chapter. It is provided as an
additional channel for serial communication with
external devices for those situations that do not require
Auto-Baud Detection or LIN/J2602 bus support.

The AUSART can be configured in the following modes:

• Asynchronous (full-duplex)

• Synchronous – Master (half-duplex)

• Synchronous – Slave (half-duplex)

The pins of the AUSART module are multiplexed with
the functions of PORTG (RG1/TX2/CK2 and
RG2/RX2/DT2, respectively). In order to configure
these pins as an AUSART:

• SPEN bit (RCSTA2<7>) must be set (= 1)

• TRISG<2> bit must be set (= 1)

• TRISG<1> bit must be cleared (= 0) for 
Asynchronous and Synchronous Master modes

• TRISG<1> bit must be set (= 1) for Synchronous 
Slave mode

The driver for the TX2 output pin can also be optionally
configured as an open-drain output. This feature allows
the voltage level on the pin to be pulled to a higher level
through an external pull-up resistor, and allows the
output to communicate with external circuits without the
need for additional level shifters. 

The open-drain output option is controlled by the U2OD
bit (LATG<7>). Setting this bit configures the pin for
open-drain operation.

19.1 Control Registers

The operation of the Addressable USART module is
controlled through two registers, TXSTA2 and
RCSTA2. These are detailed in Register 19-1 and
Register 19-2, respectively.

Note: The AUSART control will automatically
reconfigure the pin from input to output as
needed.
 2010 Microchip Technology Inc. DS39774D-page 245
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19.4.2 AUSART SYNCHRONOUS 
MASTER RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either the Single Receive Enable bit,
SREN (RCSTA2<5>), or the Continuous Receive
Enable bit, CREN (RCSTA2<4>). Data is sampled on
the RX2 pin on the falling edge of the clock.

If enable bit, SREN, is set, only a single word is
received. If enable bit, CREN, is set, the reception is
continuous until CREN is cleared. If both bits are set,
then CREN takes precedence.

To set up a Synchronous Master Reception:

1. Initialize the SPBRG2 register for the appropriate
baud rate.

2. Enable the synchronous master serial port by
setting bits, SYNC, SPEN and CSRC.

3. Ensure bits, CREN and SREN, are clear.

4. If interrupts are desired, set enable bit, RC2IE.

5. If 9-bit reception is desired, set bit, RX9.

6. If a single reception is required, set bit, SREN.
For continuous reception, set bit, CREN.

7. Interrupt flag bit, RC2IF, will be set when
reception is complete and an interrupt will be
generated if the enable bit, RC2IE, was set.

8. Read the RCSTA2 register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG2 register.

10. If any error occurred, clear the error by clearing
bit, CREN.

11. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

FIGURE 19-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)       

TABLE 19-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION       

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset 
Values 

on page

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57

PIR3 — — RC2IF TX2IF — CCP2IF CCP1IF — 59

PIE3 — — RC2IE TX2IE — CCP2IE CCP1IE — 59

IPR3 — — RC2IP TX2IP — CCP2IP CCP1IP — 59

RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 61

RCREG2 AUSART Receive Register 61

TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 61

SPBRG2 AUSART Baud Rate Generator Register 61

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.

CREN bit

RX2/DT2 Pin

TX2/CK2 Pin

Write to
bit SREN

SREN bit

RC2IF bit
(Interrupt)

Read
RCREG2

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4Q2 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

‘0’

bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

‘0’

Q1 Q2 Q3 Q4

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.
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20.1 A/D Acquisition Requirements

For the A/D Converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 20-2. The
source impedance (RS) and the internal sampling
switch (RSS) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (RSS) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 2.5 k. After the analog input channel is
selected (changed), the channel must be sampled for
at least the minimum acquisition time before starting a
conversion.    

To calculate the minimum acquisition time,
Equation 20-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Equation 20-3 shows the calculation of the minimum
required acquisition time, TACQ. This calculation is
based on the following application system
assumptions:

CHOLD = 25 pF 
Rs = 2.5 k
Conversion Error  1/2 LSb 
VDD = 3V  Rss = 2 k         
Temperature = 85°C (system max.) 

EQUATION 20-1: A/D ACQUISITION TIME     

EQUATION 20-2: A/D MINIMUM CHARGING TIME  

EQUATION 20-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME  

Note: When the conversion is started, the
holding capacitor is disconnected from the
input pin.

TACQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient 

= TAMP + TC + TCOFF 

VHOLD = (VREF – (VREF/2048)) • (1 – e(-TC/CHOLD(RIC + RSS + RS)))  
    or 
TC = -(CHOLD)(RIC + RSS + RS) ln(1/2048)

TACQ = TAMP + TC + TCOFF

TAMP = 0.2 µs 

TCOFF = (Temp – 25°C)(0.02 µs/°C)
(85°C – 25°C)(0.02 µs/°C)
1.2 µs

Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.

TC = -(CHOLD)(RIC + RSS + RS) ln(1/2048) µs
-(25 pF) (1 k + 2 k + 2.5 k) ln(0.0004883) µs 
1.05 µs

TACQ = 0.2 µs + 1 µs + 1.2 µs
2.4 µs
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23.0 SPECIAL FEATURES OF THE 
CPU

PIC18F85J11 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

• Two-Speed Start-up

• Code Protection

• In-Circuit Serial Programming

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 PIC18F85J11 family of
devices have a configurable Watchdog Timer 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.

23.1 Configuration Bits

The Configuration bits can be programmed (read as
‘0’), or left unprogrammed (read as ‘1’), to select
various device configurations. These bits are mapped
starting at program memory location 300000h. A
complete list is shown in Table 23-2. A detailed
explanation of the various bit functions is provided in
Register 23-1 through Register 23-6.

23.1.1 CONSIDERATIONS FOR 
CONFIGURING THE PIC18F85J11 
FAMILY DEVICES

Unlike some previous PIC18 microcontrollers, devices
of the PIC18F85J11 family do not use persistent
memory registers to store configuration information.
The Configuration registers, CONFIG1L through
CONFIG4H, are implemented as volatile memory.

Immediately after power-up, or after a device Reset,
the microcontroller hardware automatically loads the
CONFIG1L through CONFIG4L registers with configu-
ration data stored in nonvolatile 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 23-1
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
Flash Configuration Word for configuration data. This is
to make certain that program code is not stored in this
address when the code is compiled.

The volatile memory cells used for the Configuration
bits always reset to ‘1’ on Power-on Resets. For all
other types of Reset events, the previously
programmed values are maintained and used without
reloading from program memory. 

The four Most Significant bits of CONFIG1H,
CONFIG2H and CONFIG3H in program memory
should also be ‘1111’. This makes these Configuration
Words appear to be NOP instructions in the remote
event that their locations are ever executed by
accident. Since Configuration bits are not implemented
in the corresponding locations, writing ‘1’s to these
locations has no effect on device operation. 

To prevent inadvertent configuration changes during
code execution, all programmable Configuration bits
are write-once. After a bit is initially programmed during
a power cycle, it cannot be written to again. Changing
a device configuration requires that power to the device
be cycled.

TABLE 23-1: MAPPING OF THE FLASH 
CONFIGURATION WORDS TO 
THE CONFIGURATION 
REGISTERS

Configuration 
Byte

Code Space 
Address

Configuration 
Register
Address

CONFIG1L XXXF8h 300000h

CONFIG1H XXXF9h 300001h

CONFIG2L XXXFAh 300002h

CONFIG2H XXXFBh 300003h

CONFIG3L XXXFCh 300004h

CONFIG3H XXXFDh 300005h
 2010 Microchip Technology Inc. DS39774D-page 279
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23.3 On-Chip Voltage Regulator

All of the PIC18F85J11 family devices power their core
digital logic at a nominal 2.5V. For designs that are
required to operate at a higher typical voltage, such as
3.3V, all devices in the PIC18F85J11 family incorporate
an on-chip regulator that allows the device to run its
core logic from VDD.

The regulator is controlled by the ENVREG pin. Tying
VDD to the pin enables the regulator, which in turn, pro-
vides power to the core from the other VDD pins. When
the regulator is enabled, a low-ESR filter capacitor must
be connected to the VDDCORE/VCAP pin (Figure 23-2).
This helps to maintain the stability of the regulator. The
recommended value for the filter capacitor is provided in
Section 26.3 “DC Characteristics: PIC18F85J11
Family (Industrial)”.

If ENVREG is tied to VSS, the regulator is disabled. In
this case, separate power for the core logic at a nominal
2.5V must be supplied to the device on the
VDDCORE/VCAP pin to run the I/O pins at higher voltage
levels, typically 3.3V. Alternatively, the VDDCORE/VCAP

and VDD pins can be tied together to operate at a lower
nominal voltage. Refer to Figure 23-2 for possible
configurations.

23.3.1 VOLTAGE REGULATION AND 
LOW-VOLTAGE DETECTION

When it is enabled, the on-chip regulator provides a
constant voltage of 2.5V nominal to the digital core
logic. The regulator can provide this level from a VDD of
about 2.5V, all the way up to the device’s VDDMAX. It
does not have the capability to boost VDD levels below
2.5V.

In order to prevent “brown-out” conditions, the regulator
enters Tracking mode when the voltage drops too low
for the regulator. In Tracking mode, the regulator output
follows VDD, with a typical voltage drop of 100 mV.

The on-chip regulator includes a simple Low-Voltage
Detect (LVD) circuit. If VDD drops too low to maintain
approximately 2.45V on VDDCORE, the circuit sets the
Low-Voltage Detect Interrupt Flag, LVDIF (PIR2<2>),
and clears the REGSLP (WDTCON<7>) bit if it was set.

This can be used to generate an interrupt and put the
application into a low-power operational mode or to
trigger an orderly shutdown. Low-Voltage Detection is
only available when the regulator is enabled.

FIGURE 23-2: CONNECTIONS FOR THE 
ON-CHIP REGULATOR

VDD

ENVREG

VDDCORE/VCAP

VSS

PIC18F85J11

3.3V(1)2.5V(1)

VDD

ENVREG

VDDCORE/VCAP

VSS

PIC18F85J11

CF

3.3V

Regulator Enabled (ENVREG tied to VDD):

Regulator Disabled (ENVREG tied to ground):

VDD

ENVREG

VDDCORE/VCAP

VSS

PIC18F85J11

2.5V(1)

Regulator Disabled (VDD tied to VDDCORE):

Note 1: These are typical operating voltages. Refer 
to Section 26.1 “DC Characteristics: 
Supply Voltage” for the full operating 
ranges of VDD and VDDCORE.
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ADDWFC ADD W and Carry bit to f

Syntax: ADDWFC f {,d {,a}}

Operands: 0  f  255
d [0, 1]
a [0, 1]

Operation: (W) + (f) + (C)  dest

Status Affected: N, OV, C, DC, Z

Encoding: 0010 00da ffff ffff

Description: Add W, the Carry flag and data memory 
location ‘f’. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed in data memory location ‘f’. 

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 

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

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: ADDWFC REG, 0, 1

Before Instruction
Carry bit = 1
REG = 02h
W = 4Dh

After Instruction
Carry bit = 0
REG = 02h
W = 50h

ANDLW AND Literal with W

Syntax: ANDLW k

Operands: 0  k  255

Operation: (W) .AND. k  W

Status Affected: N, Z

Encoding: 0000 1011 kkkk kkkk

Description: The contents of W are ANDed with the 
8-bit literal ‘k’. The result is placed in W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read literal 
‘k’

Process 
Data

Write to 
W

Example: ANDLW 05Fh

Before Instruction
W = A3h

After Instruction
W  = 03h
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GOTO Unconditional Branch

Syntax: GOTO k

Operands: 0  k  1048575

Operation: k  PC<20:1>

Status Affected: None

Encoding:
1st word (k<7:0>)
2nd word(k<19:8>)

1110
1111

1111
k19kkk

k7kkk
kkkk

kkkk0
kkkk8

Description: GOTO allows an unconditional branch 
anywhere within entire 2-Mbyte memory 
range. The 20-bit value, ‘k’, is loaded 
into PC<20:1>. GOTO is always a 
two-cycle instruction.

Words: 2

Cycles: 2

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read literal 
‘k’<7:0>, 

No 
operation

Read literal 
‘k’<19:8>, 

Write to PC

No 
operation

No 
operation

No 
operation

No 
operation

Example: GOTO THERE

After Instruction
PC = Address (THERE)

INCF Increment f

Syntax: INCF f {,d {,a}}

Operands: 0  f  255
d  [0, 1]
a  [0, 1]

Operation: (f) + 1  dest

Status Affected:  C, DC, N, OV, Z

Encoding: 0010 10da ffff ffff

Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’. 

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 

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

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: INCF CNT, 1, 0

Before Instruction
CNT = FFh
Z = 0
C = ?
DC = ?

After Instruction
CNT = 00h
Z = 1
C = 1
DC = 1
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RETURN Return from Subroutine

Syntax: RETURN {s}

Operands: s  [0, 1]

Operation: (TOS)  PC;
if s = 1,
(WS)  W,
(STATUSS)  STATUS,
(BSRS)  BSR,
PCLATU, PCLATH are unchanged

Status Affected: None

Encoding: 0000 0000 0001 001s

Description: Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. If 
‘s’= 1, the contents of the shadow 
registers, WS, STATUSS and BSRS, 
are loaded into their corresponding 
registers, W, STATUS and BSR. If 
‘s’ = 0, no update of these registers 
occurs.

Words: 1

Cycles: 2

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode No 
operation

Process 
Data

POP PC 
from stack

No 
operation

No 
operation

No 
operation

No 
operation

Example: RETURN

After Instruction:
PC = TOS

RLCF Rotate Left f through Carry

Syntax:  RLCF f {,d {,a}}

Operands: 0  f  255
d  [0, 1]
a  [0, 1]

Operation: (f<n>)  dest<n + 1>,
(f<7>)  C,
(C)  dest<0>

Status Affected: C, N, Z

Encoding: 0011 01da ffff ffff

Description: The contents of register ‘f’ are rotated 
one bit to the left through the Carry flag. 
If ‘d’ is ‘0’, the result is placed in W. If ‘d’ 
is ‘1’, the result is stored back in register 
‘f’. 

If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank. 

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

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: RLCF REG, 0, 0

Before Instruction
REG = 1110 0110
C = 0

After Instruction
REG = 1110 0110
W = 1100 1100
C = 1

C register f
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Supply Current (IDD)(2)

All devices 50 120 A -40°C
VDD = 2.0V,

VDDCORE = 2.0V(4)

FOSC = 1 MHz
(PRI_IDLE mode, 

EC oscillator)

51 120 A +25°C 

54 130 A +85°C

All devices 223 480 A -40°C
VDD = 2.5V,

VDDCORE = 2.5V(4)134 300 A +25°C 

110 270 A +85°C

All devices 307 550 A -40°C

VDD = 3.3V(5)254 500 A +25°C 

194 460 A +85°C

All devices 307 850 A -40°C
VDD = 2.0V,

VDDCORE = 2.0V(4)

FOSC = 4 MHz
(PRI_IDLE mode, 

EC oscillator)

200 850 A +25°C 

202 800 A +85°C

All devices 483 950 A -40°C
VDD = 2.5V,

VDDCORE = 2.5V(4)318 950 A +25°C 

343 900 A +85°C

All devices 0.52 1.3 mA -40°C

VDD = 3.3V(5)0.47 1.2 mA +25°C 

0.47 1.2 mA +85°C

All devices 2.38 8 mA -40°C
VDD = 2.5V,

VDDCORE = 2.5V(4)
FOSC = 40 MHz

(PRI_IDLE mode, 
EC oscillator)

2.04 8 mA +25°C 

2.52 9 mA +85°C

All devices 3.02 10 mA -40°C

VDD = 3.3V(5)2.99 10 mA +25°C 

4.23 11 mA +85°C

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F85J11 Family (Industrial) (Continued)

PIC18F85J11 Family
      (Industrial)      

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

Param
 No.

Device Typ Max Units Conditions

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.).

2: 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.
The test conditions for all IDD measurements in active operation mode are: 

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified. 

3: 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.

4: Voltage regulator disabled (ENVREG tied to VSS).

5: Voltage regulator enabled (ENVREG tied to VDD).
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FIGURE 26-15: EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)      

TABLE 26-17: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)     

Param 
No.

Symbol Characteristic Min Max Units Conditions

70 TSSL2SCH, 
TSSL2SCL

SS  to SCK  or SCK  Input 3 TCY — ns

70A TSSL2WB SS to Write to SSPBUF 3 TCY — ns

71 TSCH SCK Input High Time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

71A Single byte 40 — ns (Note 1)

72 TSCL SCK Input Low Time 
(Slave mode)

Continuous 1.25 TCY + 30 — ns

72A Single byte 40 — ns (Note 1)

73 TDIV2SCH, 
TDIV2SCL

Setup Time of SDI Data Input to SCK Edge 20 — ns

73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2 1.5 TCY + 40 — ns (Note 2)

74 TSCH2DIL, 
TSCL2DIL

Hold Time of SDI Data Input to SCK Edge 40 — ns

75 TDOR SDO Data Output Rise Time — 25 ns

76 TDOF SDO Data Output Fall Time — 25 ns

77 TSSH2DOZ SS  to SDO Output High-Impedance 10 50 ns

78 TSCR SCK Output Rise Time (Master mode) — 25 ns

79 TSCF SCK Output Fall Time (Master mode) — 25 ns

80 TSCH2DOV,
TSCL2DOV

SDO Data Output Valid After SCK Edge — 50 ns

83 TSCH2SSH,
TSCL2SSH

SS  After SCK Edge 1.5 TCY + 40 — ns

Note 1: Requires the use of Parameter #73A.

2: Only if Parameter #71A and #72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

73
74

75, 76 77

787980

7978

MSb LSbbit 6 - - - - - - 1

bit 6 - - - - 1 LSb In

83

Note: Refer to Figure 26-3 for load conditions.

MSb In
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FIGURE 26-19: MSSP I2C™ BUS START/STOP BITS TIMING WAVEFORMS      

TABLE 26-21: MSSP I2C™ BUS START/STOP BITS REQUIREMENTS      

FIGURE 26-20: MSSP I2C™ BUS DATA TIMING      

Param.
No.

Symbol Characteristic Min Max Units Conditions

90 TSU:STA Start Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns Only relevant for 
Repeated Start 
condition

Setup Time 400 kHz mode 2(TOSC)(BRG + 1) —

1 MHz mode(1,2) 2(TOSC)(BRG + 1) —

91 THD:STA Start Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns After this period, the 
first clock pulse is 
generated

Hold Time 400 kHz mode 2(TOSC)(BRG + 1) —

1 MHz mode(1,2) 2(TOSC)(BRG + 1) —

92 TSU:STO Stop Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns

Setup Time 400 kHz mode 2(TOSC)(BRG + 1) —

1 MHz mode(1,2) 2(TOSC)(BRG + 1) —

93 THD:STO Stop Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns

Hold Time 400 kHz mode 2(TOSC)(BRG + 1) —

1 MHz mode(1,2) 2(TOSC)(BRG + 1) —

Note 1: Maximum pin capacitance = 10 pF for all I2C™ pins.

2: A minimum 16 MHz FOSC is required for 1 MHz I2C.

Note: Refer to Figure 26-3 for load conditions.

91 93

SCL

SDA

Start
Condition

Stop
Condition

90 92

Note: Refer to Figure 26-3 for load conditions.

90
91 92

100

101

103

106
107

109 109 110

102

SCL

SDA
In

SDA
Out
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Asynchronous Mode ................................................ 250
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Reception Setup .............................................. 252
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Reception with Address Detect 
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Transmission Setup ......................................... 250
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Baud Rate Generator (BRG) ................................... 248
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Control Registers ..................................................... 245
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Transmission ................................................... 254
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B
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BCF ................................................................................. 308
BF .................................................................................... 213
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16-Bit Byte Write Mode ............................................ 103
16-Bit Word Write Mode .......................................... 104
8-Bit Multiplexed Mode ............................................ 107
A/D ........................................................................... 262
Analog Input Model .................................................. 263
AUSART Receive .................................................... 252
AUSART Transmit ................................................... 250
Baud Rate Generator .............................................. 209
Capture Mode Operation ......................................... 172
Comparator Analog Input Model .............................. 273
Comparator I/O Operating Modes ........................... 270
Comparator Output .................................................. 272
Comparator Voltage Reference ............................... 276
Comparator Voltage Reference Output 

Buffer Example ................................................ 277
Compare Mode Operation ....................................... 173
Connections for On-Chip Voltage Regulator ........... 288
Device Clock .............................................................. 35
EUSART Receive .................................................... 235
EUSART Transmit ................................................... 233
External Power-on Reset Circuit 

(Slow VDD Power-up) ........................................ 53
Fail-Safe Clock Monitor ........................................... 291
Generic I/O Port Operation ...................................... 129
Interrupt Logic .......................................................... 114
MSSP (I2C Master Mode) ........................................ 207
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MSSP (SPI Mode) ................................................... 179
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PORTD and PORTE (Parallel Slave Port) ............... 150
PWM Operation (Simplified) .................................... 175
Reads From Flash Program Memory ......................... 93
Single Comparator ................................................... 271
Table Read Operation ................................................ 89
Table Write Operation ................................................ 90
Table Writes to Flash Program Memory .................... 95
Timer0 in 16-Bit Mode .............................................. 154
Timer0 in 8-Bit Mode ................................................ 154
Timer1 (16-Bit Read/Write Mode) ............................ 158
Timer1 (8-Bit Mode) ................................................. 158
Timer2 ...................................................................... 164
Timer3 (16-Bit Read/Write Mode) ............................ 166
Timer3 (8-Bit Mode) ................................................. 166
Watchdog Timer ....................................................... 286

BN .................................................................................... 308
BNC .................................................................................. 309
BNN .................................................................................. 309
BNOV ............................................................................... 310
BNZ .................................................................................. 310
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BOV .................................................................................. 313
BRA .................................................................................. 311
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BRGH Bit

TXSTA1 Register ..................................................... 227
TXSTA2 Register ..................................................... 248

Brown-out Reset (BOR) ..................................................... 53
and On-Chip Voltage Regulator ............................... 289
Detecting .................................................................... 53

BSF .................................................................................. 311
BTFSC ............................................................................. 312
BTFSS .............................................................................. 312
BTG .................................................................................. 313
BZ ..................................................................................... 314

C
C Compilers

MPLAB C18 ............................................................. 296
CALL ................................................................................ 314
CALLW ............................................................................. 343
Capture (CCP Module) ..................................................... 172

Associated Registers ............................................... 174
CCPR2H:CCPR2L Registers ................................... 172
CCPx Pin Configuration ........................................... 172
Software Interrupt .................................................... 172
Timer1/Timer3 Mode Selection ................................ 172

Capture/Compare/PWM (CCP) ........................................ 169
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CCPRxH Register .................................................... 170
CCPRxL Register ..................................................... 170
CCPx Mode and Timer Resources .......................... 170
Compare Mode. See Compare.
Configuration ............................................................ 170
Interaction of CCP1 and CCP2 for 

Timer Resources .............................................. 171
Interconnect Configurations ..................................... 170

Clock Sources .................................................................... 37
Default System Clock on Reset ................................. 38
Selection Using OSCCON Register ........................... 38

CLRF ................................................................................ 315
CLRWDT .......................................................................... 315
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16 x 16 Signed Multiply Routine .............................. 112
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8 x 8 Signed Multiply Routine .................................. 111
8 x 8 Unsigned Multiply Routine .............................. 111
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Fast Register Stack ................................................... 69
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Addressing ......................................................... 82
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 Timer1 Interrupt Service ................................. 161
Initializing PORTA .................................................... 130
Initializing PORTB .................................................... 132
Initializing PORTC ................................................... 134
Initializing PORTD ................................................... 137
Initializing PORTE .................................................... 140
Initializing PORTF .................................................... 143
Initializing PORTG ................................................... 145
Initializing PORTH ................................................... 147
Initializing PORTJ .................................................... 148
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Registers in RAM ............................................. 128
Writing to Flash Program Memory ............................. 96

Code Protection ............................................................... 279
COMF .............................................................................. 316
Comparator ...................................................................... 269

Analog Input Connection Considerations ................ 273
Associated Registers ............................................... 273
Configuration ........................................................... 270
Effects of a Reset .................................................... 272
Interrupts ................................................................. 272
Operation ................................................................. 271
Operation During Sleep ........................................... 272
Outputs .................................................................... 271
Reference ................................................................ 271

External Signal ................................................ 271
Internal Signal .................................................. 271

Response Time ........................................................ 271
Comparator Specifications ............................................... 363
Comparator Voltage Reference ....................................... 275

Accuracy and Error .................................................. 276
Associated Registers ............................................... 277
Configuring .............................................................. 275
Connection Considerations ...................................... 276
Effects of a Reset .................................................... 276
Operation During Sleep ........................................... 276

Compare (CCP Module) .................................................. 173
Associated Registers ............................................... 174
CCPR2 Register ...................................................... 173
CCPx Pin Configuration ........................................... 173
Software Interrupt .................................................... 173
Special Event Trigger ...................................... 167, 173
Timer1/Timer3 Mode Selection ................................ 173
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Special Event Trigger .............................................. 266
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Configuration Register Protection .................................... 293
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THE MICROCHIP WEB SITE

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

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

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

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

CUSTOMER CHANGE NOTIFICATION 
SERVICE

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

To register, access the Microchip web site at
www.microchip.com, click on Customer Change Notifi-
cation and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

• Distributor or Representative

• Local Sales Office

• Field Application Engineer (FAE)

• Technical Support

• Development Systems Information Line

Customers should contact their distributor, representa-
tive or field application engineer (FAE) for support.
Local sales offices are also available to help custom-
ers. A listing of sales offices and locations is included in
the back of this document.

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