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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"

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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PIC18F46J11 FAMILY
1.1.4 EXTENDED INSTRUCTION SET

The PIC18F46J11 family implements the optional
extension to the PIC18 instruction set, adding eight
new instructions and an Indexed Addressing mode.
Enabled as a device configuration option, the extension
has been specifically designed to optimize re-entrant
application code originally developed in high-level
languages, such as C.

1.1.5 EASY MIGRATION

Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve. 

The consistent pinout scheme used throughout the
entire family also aids in migrating to the next larger
device.

The PIC18F46J11 family is also pin compatible with
other PIC18 families, such as the PIC18F4620,
PIC18F4520 and PIC18F45J10. This allows a new
dimension to the evolution of applications, allowing
developers to select different price points within
Microchip’s PIC18 portfolio, while maintaining the
same feature set. 

1.2 Other Special Features

• Communications: The PIC18F46J11 family 
incorporates a range of serial and parallel 
communication peripherals. This device also 
includes two independent Enhanced USARTs and 
two Master Synchronous Serial Port (MSSP) 
modules, capable of both Serial Peripheral Inter-
face (SPI) and I2C™ (Master and Slave) modes of 
operation. The device also has a parallel port and 
can be configured to serve as either a Parallel 
Master Port (PMP) or as a Parallel Slave Port 
(PSP).

• ECCP Modules: All devices in the family 
incorporate three Enhanced 
Capture/Compare/PWM (ECCP) modules to 
maximize flexibility in control applications. Up to 
four different time bases may be used to perform 
several different operations at once. Each of the 
ECCPs offers up to four PWM outputs, allowing for 
a total of eight PWMs. The ECCPs also offer many 
beneficial features, including polarity selection, pro-
grammable dead time, auto-shutdown and restart 
and Half-Bridge and Full-Bridge Output modes.

• 10-Bit A/D Converter: This module incorporates 
programmable acquisition time, allowing for a 
channel to be selected and a conversion to be 
initiated without waiting for a sampling period, and 
thus, reducing code overhead.

• Extended Watchdog Timer (WDT): This 
enhanced version incorporates a 16-bit prescaler, 
allowing an extended time-out range that is stable 
across operating voltage and temperature. See 
Section 29.0 “Electrical Characteristics” for 
time-out periods.

1.3 Details on Individual Family 
Devices

Devices in the PIC18F46J11 family are available in
28-pin and 44-pin packages. Block diagrams for the
two groups are shown in Figure 1-1 and Figure 1-2.
The devices are differentiated from each other in two
ways:

• Flash program memory (three sizes: 16 Kbytes 
for the PIC18FX4J11, 32 Kbytes for PIC18FX5J11 
devices and 64 Kbytes for PIC18FX6J11)

• I/O ports (three bidirectional ports on 28-pin 
devices, five bidirectional ports on 44-pin devices)

All other features for devices in this family are identical.
These are summarized in Table 1-1 and Table 1-2.

The pinouts for the PIC18F2XJ11 devices are listed in
Table 1-3 and the pinouts for the PIC18F4XJ11 devices
are listed in Table 1-4.

The PIC18F46J11 family of devices provides an
on-chip voltage regulator to supply the correct voltage
levels to the core. Parts designated with an “F” part
number (such as PIC18F46J11) have the voltage
regulator enabled.

These parts can run from 2.15V-3.6V on VDD, but should
have the VDDCORE pin connected to VSS through a
low-ESR capacitor. Parts designated with an “LF” part
number (such as PIC18LF46J11) do not enable the volt-
age regulator. For “LF” parts, an external supply of
2.0V-2.7V has to be supplied to the VDDCORE pin with
2.0V-3.6V supplied to VDD (VDDCORE should never
exceed VDD).

For more details about the internal voltage regulator,
see Section 26.3 “On-Chip Voltage Regulator”.
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PIC18F46J11 FAMILY
REGISTER 4-3: DSGPR0: DEEP SLEEP PERSISTENT GENERAL PURPOSE REGISTER 0 
(BANKED F4Eh)

R/W-xxxx(1)

Deep Sleep Persistent General Purpose bits

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 Deep Sleep Persistent General Purpose bits

Contents are retained even in Deep Sleep mode.

Note 1: All register bits are maintained unless: VDDCORE drops below the normal BOR threshold outside of Deep 
Sleep, or the device is in Deep Sleep and the dedicated DSBOR is enabled and VDD drops below the 
DSBOR threshold, or DSBOR is enabled or disabled, but VDD is hard cycled to near VSS.

REGISTER 4-4: DSGPR1: DEEP SLEEP PERSISTENT GENERAL PURPOSE REGISTER 1 
(BANKED F4Fh)

R/W-xxxx(1)

Deep Sleep Persistent General Purpose bits

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 Deep Sleep Persistent General Purpose bits

Contents are retained even in Deep Sleep mode.

Note 1: All register bits are maintained unless: VDDCORE drops below the normal BOR threshold outside of Deep 
Sleep, or, the device is in Deep Sleep and the dedicated DSBOR is enabled and VDD drops below the 
DSBOR threshold, or DSBOR is enabled or disabled, but VDD is hard cycled to near VSS.
 2011 Microchip Technology Inc.  DS39932D-page 59



PIC18F46J11 FAMILY
INDF2 PIC18F2XJ11 PIC18F4XJ11 N/A N/A N/A

POSTINC2 PIC18F2XJ11 PIC18F4XJ11 N/A N/A N/A

POSTDEC2 PIC18F2XJ11 PIC18F4XJ11 N/A N/A N/A

PREINC2 PIC18F2XJ11 PIC18F4XJ11 N/A N/A N/A

PLUSW2 PIC18F2XJ11 PIC18F4XJ11 N/A N/A N/A

FSR2H PIC18F2XJ11 PIC18F4XJ11 ---- 0000 ---- 0000 ---- uuuu

FSR2L PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

STATUS PIC18F2XJ11 PIC18F4XJ11 ---x xxxx ---u uuuu ---u uuuu

TMR0H PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

TMR0L PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

T0CON PIC18F2XJ11 PIC18F4XJ11 1111 1111 1111 1111 uuuu uuuu

OSCCON PIC18F2XJ11 PIC18F4XJ11 0110 q100 0110 q100 0110 q1uu

CM1CON PIC18F2XJ11 PIC18F4XJ11 0001 1111 0001 1111 uuuu uuuu

CM2CON PIC18F2XJ11 PIC18F4XJ11 0001 1111 0001 1111 uuuu uuuu

RCON(4) PIC18F2XJ11 PIC18F4XJ11 0-11 11qq 0-qq qquu u-qq qquu

TMR1H PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

TMR1L PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

T1CON PIC18F2XJ11 PIC18F4XJ11 0000 0000 uuuu uuuu uuuu uuuu

TMR2 PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

PR2 PIC18F2XJ11 PIC18F4XJ11 1111 1111 1111 1111 uuuu uuuu

T2CON PIC18F2XJ11 PIC18F4XJ11 -000 0000 -000 0000 -uuu uuuu

SSP1BUF PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

SSP1ADD PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

SSP1MSK PIC18F2XJ11 PIC18F4XJ11 1111 1111 1111 1111 uuuu uuuu

SSP1STAT PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

SSP1CON1 PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

SSP1CON2 PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

ADRESH PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

ADRESL PIC18F2XJ11 PIC18F4XJ11 xxxx xxxx uuuu uuuu uuuu uuuu

ADCON0 PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

ADCON1 PIC18F2XJ11 PIC18F4XJ11 0000 0000 0000 0000 uuuu uuuu

WDTCON PIC18F2XJ11 PIC18F4XJ11 1qq- q000 1qq- 0000 uqq- uuuu

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

Register Applicable Devices

Power-on Reset,
Brown-out Reset,

Wake From 
Deep Sleep

MCLR Resets
WDT Reset

RESET Instruction
Stack Resets
CM Resets

Wake-up via WDT 
or Interrupt

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = 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).

3: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).

4: See Table 5-1 for Reset value for specific condition.

5: Not implemented for PIC18F2XJ11 devices.

6: Not implemented on "LF" devices.
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PIC18F46J11 FAMILY
TABLE 10-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD  

RD6/PMD6/
RP23

RD6 1 I ST PORTD<6> data input.

0 O DIG LATD<6> data output.

PMD6 1 I ST/TTL Parallel Master Port data in.

0 O DIG Parallel Master Port data out.

RP23 1 I ST Remappable peripheral pin 23 input. 

0 O DIG Remappable peripheral pin 23 output.

RD7/PMD7/
RP24

RD7 1 I ST PORTD<7> data input.

0 O DIG LATD<7> data output.

PMD7 1 I ST/TTL Parallel Master Port data in.

0 O DIG Parallel Master Port data out.

RP24 1 I ST Remappable peripheral pin 24 input. 

0 O DIG Remappable peripheral pin 24 output.

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

on page

PORTD(1) RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 93

LATD(1) LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATD0 92

TRISD(1) TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 92

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

Note 1: These registers are not available in 28-pin devices.

TABLE 10-9: PORTD I/O SUMMARY (CONTINUED)

Pin Function
TRIS

Setting
I/O

I/O
Type

Description

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; I2C/SMB = I2C/SMBus 
input buffer; x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
 2011 Microchip Technology Inc.  DS39932D-page 147



PIC18F46J11 FAMILY
REGISTER 10-6: RPINR1: PERIPHERAL PIN SELECT INPUT REGISTER 1 (BANKED EE7h)

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — INTR1R4 INTR1R3 INTR1R2 INTR1R1 INTR1R0

bit 7 bit 0

Legend: R/W = Readable, Writable if IOLOCK = 0

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 INTR1R<4:0>: Assign External Interrupt 1 (INT1) to the Corresponding RPn Pin bits

REGISTER 10-7: RPINR2: PERIPHERAL PIN SELECT INPUT REGISTER 2 (BANKED EE8h)

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — INTR2R4 INTR2R3 INTR2R2 INTR2R1 INTR2R0

bit 7 bit 0

Legend: R/W = Readable, Writable if IOLOCK = 0

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 INTR2R<4:0>: Assign External Interrupt 2 (INT2) to the Corresponding RPn pin bits

REGISTER 10-8: RPINR3: PERIPHERAL PIN SELECT INPUT REGISTER 3 (BANKED EE9h)

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — INTR3R4 INTR3R3 INTR3R2 INTR3R1 INTR3R0

bit 7 bit 0

Legend: R/W = Readable, Writable if IOLOCK = 0

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 INTR3R<4:0>: Assign External Interrupt 3 (INT3) to the Corresponding RPn Pin bits
DS39932D-page 156   2011 Microchip Technology Inc.



PIC18F46J11 FAMILY
17.6 Register Maps

Table 17-5, Table 17-6 and Table 17-7 summarize the
registers associated with the RTCC module.

TABLE 17-5: RTCC CONTROL REGISTERS

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

RTCCFG RTCEN — RTCWREN RTCSYNC HALFSEC RTCOE RTCPTR1 RTCPTR0 0000

RTCCAL CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CAL0 0000

PADCFG1 — — — — — RTSECSEL1 RTSECSEL0 PMPTTL 0000

ALRMCFG ALRMEN CHIME AMASK3 AMASK2 AMASK1 AMASK0 ALRMPTR1 ALRMPTR0 0000

ALRMRPT ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPT0 0000

IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CTMUIP TMR3GIP RTCCIP 1111

PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CTMUIF TMR3GIF RTCCIF 0000

PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CTMUIE TMR3GIE RTCCIE 0000

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for 44-pin devices.

TABLE 17-6: RTCC VALUE REGISTERS

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All Resets

RTCVALH RTCC Value Register Window High Byte, Based on RTCPTR<1:0> xxxx

RTCVALL RTCC Value Register Window Low Byte, Based on RTCPTR<1:0> xxxx

RTCCFG RTCEN — RTCWREN RTCSYNC HALFSEC RTCOE RTCPTR1 RTCPTR0 0000

ALRMCFG ALRMEN CHIME AMASK3 AMASK2 AMASK1 AMASK0 ALRMPTR1 ALRMPTR0 0000

ALRMVALH Alarm Value Register Window High Byte, Based on ALRMPTR<1:0> xxxx

ALRMVALL Alarm Value Register Window Low Byte, Based on ALRMPTR<1:0> xxxx

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for 44-pin devices.

TABLE 17-7: ALARM VALUE REGISTERS

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
All 

Resets

ALRMRPT ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPT0 0000

ALRMVALH Alarm Value Register Window High Byte, Based on ALRMPTR<1:0> xxxx

ALRMVALL Alarm Value Register Window Low Byte, Based on ALRMPTR<1:0> xxxx

RTCCAL CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CAL0 0000

RTCVALH RTCC Value Register Window High Byte, Based on RTCPTR<1:0> xxxx

RTCVALL RTCC Value Register Window Low Byte, Based on RTCPTR<1:0> xxxx

Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for 44-pin devices.
 2011 Microchip Technology Inc.  DS39932D-page 245



PIC18F46J11 FAMILY
REGISTER 19-7: SSPxCON2: MSSPx CONTROL REGISTER 2 –I2C™ MASTER MODE 
(ACCESS FC5h/F71h)

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

GCEN(3) ACKSTAT ACKDT(1) ACKEN(2) RCEN(2) PEN(2) RSEN(2) SEN(2)

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 GCEN: General Call Enable bit (Slave mode only)(3)

1 = Enable interrupt when a general call address (0000h) is received in the SSPxSR
0 = General call address disabled

bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave 

bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)(1)

1 = Not Acknowledge
0 = Acknowledge 

bit 4 ACKEN: Acknowledge Sequence Enable bit(2)

1 = Initiates Acknowledge sequence on SDAx and SCLx pins and transmits ACKDT data bit;
automatically cleared by hardware

0 = Acknowledge sequence Idle

bit 3 RCEN: Receive Enable bit (Master Receive mode only)(2)

1 = Enables Receive mode for I2C
0 = Receive Idle

bit 2 PEN: Stop Condition Enable bit(2)

1 = Initiates Stop condition on SDAx and SCLx pins; automatically cleared by hardware
0 = Stop condition Idle

bit 1 RSEN: Repeated Start Condition Enable bit(2)

1 = Initiates Repeated Start condition on SDAx and SCLx pins; automatically cleared by hardware
0 = Repeated Start condition Idle

bit 0 SEN: Start Condition Enable bit(2)

1 = Initiates Start condition on SDAx and SCLx pins; automatically cleared by hardware
0 = Start condition Idle

Note 1: Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.

2: If the I2C module is active, these bits may not be set (no spooling) and the SSPxBUF may not be written
(or writes to the SSPxBUF are disabled).

3: This bit is not implemented in I2C Master mode.
DS39932D-page 294   2011 Microchip Technology Inc.



PIC18F46J11 FAMILY
19.5.5 GENERAL CALL ADDRESS 
SUPPORT

The addressing procedure for the I2C bus is such that
the first byte after the Start condition usually
determines which device will be the slave addressed by
the master. The exception is the general call address
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all ‘0’s with R/W = 0.

The general call address is recognized when the
General Call Enable bit, GCEN, is enabled
(SSPxCON2<7> set). Following a Start bit detect, 8 bits
are shifted into the SSPxSR and the address is
compared against the SSPxADD. It is also compared to
the general call address and fixed in hardware.

If the general call address matches, the SSPxSR is
transferred to the SSPxBUF, the BF flag bit is set (eighth
bit), and on the falling edge of the ninth bit (ACK bit), the
SSPxIF interrupt flag bit is set.

When the interrupt is serviced, the source for the
interrupt can be checked by reading the contents of the
SSPxBUF. The value can be used to determine if the
address was device-specific or a general call address.

In 10-bit mode, the SSPxADD is required to be updated
for the second half of the address to match and the UA
bit is set (SSPxSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-Bit Addressing mode, then the second
half of the address is not necessary, the UA bit will not
be set and the slave will begin receiving data after the
Acknowledge (Figure 19-17). 

FIGURE 19-17: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE 
(7-BIT OR 10-BIT ADDRESSING MODE) 

19.5.6 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPxCON1 and by setting
the SSPEN bit. In Master mode, the SCLx and SDAx
lines are manipulated by the MSSP hardware if the
TRIS bits are set.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. The Start (S) and Stop (P) bits are cleared from
a Reset or when the MSSP module is disabled. Control
of the I2C bus may be taken when the Stop bit is set, or
the bus is Idle, with both the Start and Stop bits clear.

In Firmware Controlled Master mode, user code
conducts all I2C bus operations based on Start and
Stop bit conditions.

Once Master mode is enabled, the user has six
options.

1. Assert a Start condition on SDAx and SCLx.

2. Assert a Repeated Start condition on SDAx and
SCLx.

3. Write to the SSPxBUF register initiating
transmission of data/address.

4. Configure the I2C port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a Stop condition on SDAx and SCLx.

SDAx

SCLx

S

SSPxIF

BF (SSPxSTAT<0>)

SSPOV (SSPxCON1<6>)

Cleared in software

SSPxBUF is read

R/W = 0

ACKGeneral Call Address

Address is compared to General Call Address

GCEN (SSPxCON2<7>)

Receiving Data ACK

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

D7 D6 D5 D4 D3 D2 D1 D0

after ACK, set interrupt

‘0’

‘1’
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20.0 ENHANCED UNIVERSAL 
SYNCHRONOUS 
ASYNCHRONOUS RECEIVER 
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is one of two
serial I/O modules. (Generically, the EUSART is also
known as a Serial Communications Interface or SCI.)
The EUSART can be configured as a full-duplex
asynchronous system that can communicate with
peripheral devices, such as CRT terminals and
personal computers. It can also be configured as a
half-duplex synchronous system that can communicate
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs and so on.

The Enhanced USART module implements additional
features, including automatic baud rate detection and
calibration, automatic wake-up on Sync Break recep-
tion and 12-bit Break character transmit. These make it
ideally suited for use in Local Interconnect Network bus
(LIN/J2602 bus) systems.

All members of the PIC18F46J11 family are equipped
with two independent EUSART modules, referred to as
EUSART1 and EUSART2. They can be configured in
the following modes:

• Asynchronous (full-duplex) with:

- Auto-wake-up on character reception

- Auto-baud calibration

- 12-bit Break character transmission

• Synchronous – Master (half-duplex) with 
selectable clock polarity

• Synchronous – Slave (half-duplex) with selectable 
clock polarity

The pins of EUSART1 and EUSART2 are multiplexed
with the functions of PORTC (RC6/PMA5/TX1/CK1/RP17
and RC7/PMA4/RX1/DT1/RP18) and remapped
(RPn1/TX2/CK2 and RPn2/RX2/DT2), respectively. In
order to configure these pins as an EUSART:

• For EUSART1:

- SPEN bit (RCSTA1<7>) must be set (= 1)

- TRISC<7> bit must be set (= 1)

- TRISC<6> bit must be cleared (= 0) for 
Asynchronous and Synchronous Master 
modes

- TRISC<6> bit must be set (= 1) for 
Synchronous Slave mode

• For EUSART2:

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

- TRIS bit for RPn2/RX2/DT2 = 1

- TRIS bit for RPn1/TX2/CK2 = 0 for 
Asynchronous and Synchronous Master 
modes

- TRISC<6> bit must be set (= 1) for 
Synchronous Slave mode

The TXx/CKx I/O pins have an optional open-drain
output capability. By default, when this pin is used by
the EUSART as an output, it will function as a standard
push-pull CMOS output. The TXx/CKx I/O pins’
open-drain, output feature can be enabled by setting
the corresponding UxOD bit in the ODCON2 register.
For more details, see Section 19.3.3 “Open-Drain
Output Option”.

The operation of each Enhanced USART module is
controlled through three registers:

• Transmit Status and Control (TXSTAx)

• Receive Status and Control (RCSTAx)

• Baud Rate Control (BAUDCONx)

These are covered in detail in Register 20-1,
Register 20-2 and Register 20-3, respectively.

Note: The EUSART control will automatically
reconfigure the pin from input to output as
needed.

Note: Throughout this section, references to
register and bit names that may be asso-
ciated with a specific EUSART module are
referred to generically by the use of ‘x’ in
place of the specific module number.
Thus, “RCSTAx” might refer to the
Receive Status register for either
EUSART1 or EUSART2.
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BAUD
RATE

(K)

SYNC = 0, BRGH = 0, BRG16 = 1

FOSC = 40.000 MHz FOSC = 20.000 MHz FOSC = 10.000 MHz FOSC = 8.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 0.300 -0.04 1665

1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1.201 -0.16 415

2.4 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2.403 -0.16 207

9.6 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51

19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25

57.6 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8

115.2 113.636 -1.36 21 113.636 -1.36 10 125.000 8.51 4 — — —

BAUD
RATE

(K)

SYNC = 0, BRGH = 0, BRG16 = 1

FOSC = 4.000 MHz FOSC = 2.000 MHz FOSC = 1.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 0.300 0.04 832 0.300 -0.16 415 0.300 -0.16 207

1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51

2.4 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25

9.6 9.615 0.16 25 9.615 -0.16 12 — — —

19.2 19.231 0.16 12 — — — — — —

57.6 62.500 8.51 3 — — — — — —

115.2 125.000 8.51 1 — — — — — —

BAUD
RATE

(K)

SYNC = 0, BRGH = 1, BRG16 = 1 or SYNC = 1, BRG16 = 1

FOSC = 40.000 MHz FOSC = 20.000 MHz FOSC = 10.000 MHz FOSC = 8.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 0.300 0.00 33332 0.300 0.00 16665 0.300 0.00 8332 0.300 -0.01 6665

1.2 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1.200 -0.04 1665

2.4 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2.400 -0.04 832

9.6 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259 9.615 -0.16 207

19.2 19.193 -0.03 520 19.231 0.16 259 19.231 0.16 129 19.230 -0.16 103

57.6 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42 57.142 0.79 34

115.2 114.943 -0.22 86 116.279 0.94 42 113.636 -1.36 21 117.647 -2.12 16

BAUD
RATE

(K)

SYNC = 0, BRGH = 1, BRG16 = 1 or SYNC = 1, BRG16 = 1

FOSC = 4.000 MHz FOSC = 2.000 MHz FOSC = 1.000 MHz

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

Actual 
Rate 
(K)

%
Error

SPBRG
value 

(decimal)

0.3 0.300 0.01 3332 0.300 -0.04 1665 0.300 -0.04 832

1.2 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207

2.4 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103

9.6 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25

19.2 19.231 0.16 51 19.230 -0.16 25 19.230 -0.16 12

57.6 58.824 2.12 16 55.555 3.55 8 — — —

115.2 111.111 -3.55 8 — — — — — —

TABLE 20-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
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FIGURE 20-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

TABLE 20-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION       

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 69

PIR1 PMPIF(1) ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 72

PIE1 PMPIE(1) ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 72

IPR1 PMPIP(1) ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 72

PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CTMUIF TMR3GIF RTCCIF 72

PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CTMUIE TMR3GIE RTCCIE 72

IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CTMUIP TMR3GIP RTCCIP 72

RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 72

TXREGx EUSARTx Transmit Register 72

TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 72

BAUDCONx ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 73

SPBRGHx EUSARTx Baud Rate Generator Register High Byte 72

SPBRGx EUSARTx Baud Rate Generator Register Low Byte 72

ODCON2 — — — — U2OD U1OD 74

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

Note 1: These pins are only available on 44-pin devices.

RC7/RX1/DT1/

RC6/TX1/CK1/RP17 pin

Write to
TXREG1 reg

TX1IF bit

TRMT bit

bit 0 bit 1 bit 2 bit 6 bit 7

TXEN bit

Note: This example is equally applicable to EUSART2 (RPn1/TX2/CK2 and RPn2/RX2/DT2).

SDO1/RP18 pin
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20.4 EUSART Synchronous Slave 
Mode

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTAx<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CKx pin (instead of being supplied
internally in Master mode). This allows the device to
transfer or receive data while in any low-power mode. 

20.4.1 EUSART SYNCHRONOUS SLAVE 
TRANSMISSION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep mode.

If two words are written to the TXREGx and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit. 

b) The second word will remain in the TXREGx
register. 

c) Flag bit, TXxIF, will not be set. 

d) When the first word has been shifted out of TSR,
the TXREGx register will transfer the second
word to the TSR and flag bit, TXxIF, will now be
set. 

e) If enable bit, TXxIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

To set up a Synchronous Slave Transmission:

1. Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

2. Clear bits, CREN and SREN.

3. If interrupts are desired, set enable bit, TXxIE.

4. If 9-bit transmission is desired, set bit, TX9.

5. Enable the transmission by setting enable bit,
TXEN.

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

7. Start transmission by loading data to the
TXREGx register.

8. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
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REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1 (ACCESS FC1h)

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

ADFM ADCAL ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0

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 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified 

bit 6 ADCAL: A/D Calibration bit

1 = Calibration is performed on next A/D conversion
0 = Normal A/D Converter operation

bit 5-3 ACQT<2:0>: A/D Acquisition Time Select bits

111 = 20 TAD

110 = 16 TAD

101 = 12 TAD

100 = 8 TAD

011 = 6 TAD

010 = 4 TAD

001 = 2 TAD

000 = 0 TAD

bit 2-0 ADCS<2:0>: A/D Conversion Clock Select bits

110 = FOSC/64 
101 = FOSC/16 
100 = FOSC/4 
011 = FRC (clock derived from A/D RC oscillator)(1)

010 = FOSC/32 
001 = FOSC/8 
000 = FOSC/2 

Note 1: If the A/D FRC clock source is selected, a delay of one TCY (instruction cycle) is added before the A/D 
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.
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24.0 HIGH/LOW VOLTAGE DETECT 
(HLVD)

PIC18F46J11 family devices (including PIC18LF46J11
family devices) have a High/Low Voltage Detect
(HLVD) module for monitoring the absolute voltage on
VDD or the HLVDIN pin. This is a programmable circuit
that allows the user to specify both a device voltage trip
point and the direction of change from that point.

If the module detects an excursion past the trip point in
that direction, an interrupt flag is set. If the interrupt is
enabled, the program execution will branch to the inter-
rupt vector address and the software can then respond
to the interrupt.

The High/Low-Voltage Detect Control register
(Register 24-1) completely controls the operation of the
HLVD module. This allows the circuitry to be “turned
off” by the user under software control, which
minimizes the current consumption for the device.

Figure 24-1 provides a block diagram for the HLVD
module.

  

The module is enabled by setting the HLVDEN bit.
Each time the module is enabled, the circuitry requires
some time to stabilize. The IRVST bit is a read-only bit
that indicates when the circuit is stable. The module
can generate an interrupt only after the circuit is stable
and IRVST is set.

The VDIRMAG bit determines the overall operation of
the module. When VDIRMAG is cleared, the module
monitors for drops in VDD below a predetermined set
point. When the bit is set, the module monitors for rises
in VDD above the set point.

REGISTER 24-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER (ACCESS F85h)

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

VDIRMAG BGVST IRVST HLVDEN HLVDL3(1) HLVDL2(1) HLVDL1(1) HLVDL0(1)

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 VDIRMAG: Voltage Direction Magnitude Select bit

1 = Event occurs when voltage equals or exceeds trip point (HLVDL<3:0>)
0 = Event occurs when voltage equals or falls below trip point (HLVDL<3:0>)

bit 6 BGVST: Band Gap Reference Voltages Stable Status Flag bit
1 = Indicates internal band gap voltage references is stable
0 = Indicates internal band gap voltage reference is not stable

bit 5 IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the voltage detect logic will generate the interrupt flag at the specified voltage range
0 = Indicates that the voltage detect logic will not generate the interrupt flag at the specified voltage

range and the HLVD interrupt should not be enabled 

bit 4 HLVDEN: High/Low-Voltage Detect Power Enable bit

1 = HLVD enabled
0 = HLVD disabled

bit 3-0 HLVDL<3:0>: Voltage Detection Limit bits(1)

1111 = External analog input is used (input comes from the HLVDIN pin)
1110 = Maximum setting 
.
.
.
1000 = Minimum setting
0xxx = Reserved

Note 1: See Table 29-8 in Section 29.0 “Electrical Characteristics” for specifications. 
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TABLE 27-1: OPCODE FIELD DESCRIPTIONS  

Field Description

a RAM access bit:
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register

bbb Bit address within an 8-bit file register (0 to 7)

BSR Bank Select Register. Used to select the current RAM bank

C, DC, Z, OV, N ALU Status bits: Carry, Digit Carry, Zero, Overflow, Negative

d Destination select bit:
d = 0: store result in WREG
d = 1: store result in file register f

dest Destination: either the WREG register or the specified register file location

f 8-bit register file address (00h to FFh), or 2-bit FSR designator (0h to 3h)

fs 12-bit register file address (000h to FFFh). This is the source address

fd 12-bit register file address (000h to FFFh). This is the destination address

GIE Global Interrupt Enable bit

k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value)

label Label name

mm The mode of the TBLPTR register for the table read and table write instructions
Used only with table read and table write instructions

* No Change to register (such as TBLPTR with table reads and writes)

*+ Post-Increment register (such as TBLPTR with table reads and writes)

*- Post-Decrement register (such as TBLPTR with table reads and writes)

+* Pre-Increment register (such as TBLPTR with table reads and writes)

n The relative address (2’s complement number) for relative branch instructions or the direct address for 
Call/Branch and Return instructions

PC Program Counter

PCL Program Counter Low Byte

PCH Program Counter High Byte

PCLATH Program Counter High Byte Latch

PCLATU Program Counter Upper Byte Latch

PD Power-Down bit

PRODH Product of Multiply High Byte

PRODL Product of Multiply Low Byte

s Fast Call/Return mode select bit:
s = 0: do not update into/from shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)

TBLPTR 21-Bit Table Pointer (points to a program memory location)

TABLAT 8-Bit Table Latch

TO Time-out bit

TOS Top-of-Stack

u Unused or Unchanged

WDT Watchdog Timer

WREG Working register (accumulator)

x Don’t care (‘0’ or ‘1’). The assembler will generate code with x = 0; it is the recommended form of use for 
compatibility with all Microchip software tools

zs 7-bit offset value for Indirect Addressing of register files (source)

zd 7-bit offset value for Indirect Addressing of register files (destination)

{  } Optional argument

[text] Indicates Indexed Addressing

(text) The contents of text

[expr]<n> Specifies bit n of the register indicated by the pointer, expr

 Assigned to

< > Register bit field

 In the set of

italics User-defined term (font is Courier New)
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IORLW Inclusive OR Literal with W

Syntax: IORLW   k

Operands: 0  k  255

Operation: (W) .OR. k  W

Status Affected: N, Z

Encoding: 0000 1001 kkkk kkkk

Description: The contents of W are ORed with the 
eight-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: IORLW 35h

Before Instruction
W = 9Ah

After Instruction
W = BFh

IORWF Inclusive OR W with f

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

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

Operation: (W) .OR. (f)  dest

Status Affected: N, Z

Encoding: 0001 00da ffff ffff

Description: Inclusive OR W with register ‘f’. If ‘d’ is 
‘0’, the result is placed in W. If ‘d’ is ‘1’, 
the result is placed back in register ‘f’ 
(default). 

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

If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f 95 (5Fh). See 
Section 27.2.3 “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: IORWF  RESULT, 0, 1

Before Instruction
RESULT = 13h
W = 91h

After Instruction
RESULT = 13h
W = 93h
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TBLRD Table Read

Syntax: TBLRD ( *; *+; *-; +*)

Operands: None

Operation: if TBLRD *,
(Prog Mem (TBLPTR))  TABLAT,
TBLPTR – No Change;
if TBLRD *+,
(Prog Mem (TBLPTR))  TABLAT,
(TBLPTR) + 1  TBLPTR;
if TBLRD *-,
(Prog Mem (TBLPTR))  TABLAT,
(TBLPTR) – 1  TBLPTR;
if TBLRD +*,
(TBLPTR) + 1  TBLPTR,
(Prog Mem (TBLPTR))  TABLAT

Status Affected: None

Encoding: 0000 0000 0000 10nn
 nn=0 * 
   =1 *+
   =2 *-
   =3 +*

Description: This instruction is used to read the contents 
of Program Memory (P.M.). To address the 
program memory, a pointer called Table 
Pointer (TBLPTR) is used.

The TBLPTR (a 21-bit pointer) points to 
each byte in the program memory. 
TBLPTR has a 2-Mbyte address range. 

TBLPTR<0> = 0: Least Significant Byte of 
Program Memory Word

TBLPTR<0> = 1: Most Significant Byte of 
Program Memory Word

The TBLRD instruction can modify the 
value of TBLPTR as follows:

• no change

• post-increment

• post-decrement

• pre-increment

Words: 1

Cycles: 2

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode No 
operation

No 
operation

No 
operation

No 
operation

No operation
(Read Program 

Memory)

No 
operation

No operation
(Write 

TABLAT)

TBLRD Table Read (Continued)

Example 1: TBLRD  *+ 

Before Instruction
TABLAT = 55h
TBLPTR = 00A356h
MEMORY(00A356h) = 34h

After Instruction
TABLAT = 34h
TBLPTR = 00A357h

Example 2: TBLRD  +* 

Before Instruction
TABLAT = AAh
TBLPTR = 01A357h
MEMORY(01A357h) = 12h
MEMORY(01A358h) = 34h

After Instruction
TABLAT = 34h
TBLPTR = 01A358h
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28.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs. 

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

• Integration into MPLAB IDE projects

• User-defined macros to streamline 
assembly code

• Conditional assembly for multi-purpose 
source files

• Directives that allow complete control over the 
assembly process

28.3 MPLAB C18 and MPLAB C30 
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcon-
trollers and the dsPIC30 and dsPIC33 family of digital
signal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers. 

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

28.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script. 

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications. 

The object linker/library features include:

• Efficient linking of single libraries instead of many 
smaller files

• Enhanced code maintainability by grouping 
related modules together

• Flexible creation of libraries with easy module 
listing, replacement, deletion and extraction

28.5 MPLAB ASM30 Assembler, Linker 
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

• Support for the entire dsPIC30F instruction set

• Support for fixed-point and floating-point data

• Command line interface

• Rich directive set

• Flexible macro language

• MPLAB IDE compatibility

28.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool. 
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FIGURE 29-19: MSSPx I2C™ BUS START/STOP BITS TIMING WAVEFORMS 

TABLE 29-26: MSSPx I2C™ BUS START/STOP BITS REQUIREMENTS  

FIGURE 29-20: MSSPx 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) —

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) —

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

Setup Time 400 kHz mode 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) —

Note: Refer to Figure 29-4 for load conditions.
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Note: Refer to Figure 29-4 for load conditions.
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