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Welcome to E-XFL.COM

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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Voltage - Supply (Vcc/Vdd) 2.3V ~ 5.5V

Data Converters A/D 24x12b; D/A 1x5b

Oscillator Type Internal
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 on 
BOR
3C72h CLC2GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N xxxxx

3C71h CLC2GLS1 G2D4T G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N xxxxx

3C70h CLC2GLS0 G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1N xxxxx

3C6Fh CLC2SEL3 D4S xxxxx

3C6Eh CLC2SEL2 D3S xxxxx

3C6Dh CLC2SEL1 D2S xxxxx

3C6Ch CLC2SEL0 D1S xxxxx

3C6Bh CLC2POL POL — — — G4POL G3POL G2POL G1POL 0---x

3C6Ah CLC2CON EN OE OUT INTP INTN MODE 00000

3C69h CLC3GLS3 G4D4T G4D4N G4D3T G4D3N G4D2T G4D2N G4D1T G4D1N xxxxx

3C68h CLC3GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N xxxxx

3C67h CLC3GLS1 G2D4T G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N xxxxx

3C66h CLC3GLS0 G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1N xxxxx

3C65h CLC3SEL3 D4S xxxxx

3C64h CLC3SEL2 D3S xxxxx

3C63h CLC3SEL1 D2S xxxxx

3C62h CLC3SEL0 D1S xxxxx

3C61h CLC3POL POL — — — G4POL G3POL G2POL G1POL 0---x

3C60h CLC3CON EN OE OUT INTP INTN MODE 00000

3C5Fh CLC4GLS3 G4D4T G4D4N G4D3T G4D3N G4D2T G4D2N G4D1T G4D1N xxxxx

3C5Eh CLC4GLS2 G3D4T G3D4N G3D3T G3D3N G3D2T G3D2N G3D1T G3D1N xxxxx

3C5Dh CLC4GLS1 G2D4T G2D4N G2D3T G2D3N G2D2T G2D2N G2D1T G2D1N xxxxx

3C5Ch CLC4GLS0 G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1D1T G1D1N xxxxx

3C5Bh CLC4SEL3 D4S xxxxx

3C5Ah CLC4SEL2 D3S xxxxx

3C59h CLC4SEL1 D2S xxxxx

3C58h CLC4SEL0 D1S xxxxx

3C57h CLC4POL POL — — — G4POL G3POL G2POL G1POL 0---x

3C56h CLC4CON EN OE OUT INTP INTN MODE 00000

3C55h - 
3C00h

— Unimplemented —

3BFFh DMA1SIRQ SIRQ 00000

3BFEh DMA1AIRQ AIRQ 00000

3BFDh DMA1CON1 EN SIRQEN DGO — — AIRQEN — XIP 000--

3BFCh DMA1CON0 DMODE DSTP SMR SMODE SSTP 00000

3BFBh DMA1SSAU — — SSA --000

3BFAh DMA1SSAH SSA 00000

3BF9h DMA1SSAL SSA 00000

3BF8h DMA1SSZH — — — — SSZ ----0

3BF7h DMA1SSZL SSZ 00000

3BF6h DMA1SPTRU — — SPTR --000

3BF5h DMA1SPTRH SPTR 00000

3BF4h DMA1SPTRL SPTR 00000

3BF3h DMA1SCNTH — — — — SCNT ----0

3BF2h DMA1SCNTL SCNT 00000

3BF1h DMA1DSAH DSA 00000

3BF0h DMA1DSAL SSA 00000

3BEFh DMA1DSZH — — — — DSZ ----0

3BEEh DMA1DSZL DSZ xxxxx

TABLE 4-11: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K42 DEVICES (CONTINUED)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
POR, 

Legend: x = unknown, u = unchanged, — = unimplemented, q = value depends on condition
Note 1: Not present in LF devices.
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REGISTER 5-2: CONFIGURATION WORD 1H (30 0001h)
U-1 U-1 R/W-1 U-1 R/W-1 U-1 R/W-1 R/W-1

— — FCMEN — CSWEN — PR1WAY CLKOUTEN

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’

-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6 Unimplemented: Read as ‘1’

bit 5 FCMEN: Fail-Safe Clock Monitor Enable bit
1 = FSCM timer is enabled
0 = FSCM timer is disabled

bit 4 Unimplemented: Read as ‘1’

bit 3 CSWEN: Clock Switch Enable bit
1 = Writing to NOSC and NDIV is allowed
0 = The NOSC and NDIV bits cannot be changed by user software

bit 2 Unimplemented: Read as ‘1’

bit 1 PR1WAY: PRLOCKED One-Way Set Enable bit
1 = PRLOCKED bit can be cleared and set only once; priority registers remain locked after one

clear/set cycle
0 = PRLOCKED bit can be set and cleared repeatedly (subject to the unlock sequence)

bit 0 CLKOUTEN: Clock Out Enable bit
If FEXTOSC<2:0> = EC (high, mid or low) or Not Enabled:
1 = CLKOUT function is disabled; I/O or oscillator function on OSC2
0 = CLKOUT function is enabled; FOSC/4 clock appears at OSC2
Otherwise:
This bit is ignored.
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 72
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8.13 Power Control (PCON0/PCON1) 

Register 
The Power Control (PCON0/PCON1) register contains
flag bits to differentiate between a:

• Brown-out Reset (BOR)
• Power-on Reset (POR)
• Reset Instruction Reset (RI)
• MCLR Reset (RMCLR)
• Watchdog Timer Reset (RWDT)
• Watchdog Window Violation (WDTWV)
• Stack Underflow Reset (STKUNF)
• Stack Overflow Reset (STKOVF)
• Memory Violation Reset (MEMV)

The PCON0/1 register bits are shown in Register 8-2
and Register 8-3. Hardware will change the
corresponding register bit during the Reset process; if
the Reset was not caused by the condition, the bit
remains unchanged (Table 8-3).

Software should reset the bit to the inactive state after
restart (hardware will not reset the bit). Software may
also set any PCON0 bit to the active state, so that user
code may be tested, but no Reset action will be
generated.
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 94
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9.2 Clock Source Types
Clock sources can be classified as external or internal. 

External clock sources rely on external circuitry for the
clock source to function. Examples are: oscillator
modules (ECH, ECM, ECL mode), quartz crystal
resonators or ceramic resonators (LP, XT and HS
modes).

Internal clock sources are contained within the
oscillator module. The internal oscillator block has two
internal oscillators that are used to generate internal
system clock sources. The High-Frequency Internal
Oscillator (HFINTOSC) can produce 1, 2, 4, 8, 12, 16,
32, 48 and 64 MHz clock. The frequency can be
controlled through the OSCFRQ register
(Register 9-5). The Low-Frequency Internal Oscillator
(LFINTOSC) generates a fixed 31 kHz frequency.

A 4x PLL is provided that can be used with an external
clock. See Section 9.2.1.4 “4x PLL” for more details.

The system clock can be selected between external or
internal clock sources via the NOSC bits in the
OSCCON1 register. See Section 9.3 “Clock
Switching” for additional information. The system
clock can be made available on the OSC2/CLKOUT pin
for any of the modes that do not use the OSC2 pin. The
clock out functionality is governed by the CLKOUTEN
bit in the CONFIG1H register (Register 5-2). If enabled,
the clock out signal is always at a frequency of FOSC/4.

9.2.1 EXTERNAL CLOCK SOURCES
An external clock source can be used as the device
system clock by performing one of the following
actions:

• Program the RSTOSC<2:0> and FEXTOSC<2:0> 
bits in the Configuration Words to select an 
external clock source that will be used as the 
default system clock upon a device Reset.

• Write the NOSC<2:0> and NDIV<3:0> bits in the 
OSCCON1 register to switch the system clock 
source.

See Section 9.3 “Clock Switching” for more
information.       

9.2.1.1 EC Mode
The External Clock (EC) mode allows an externally
generated logic level signal to be the system clock
source. When operating in this mode, an external clock
source is connected to the OSC1 input.
OSC2/CLKOUT is available for general purpose I/O or
CLKOUT. Figure 9-2 shows the pin connections for EC
mode.

EC mode has three power modes to select from through
Configuration Words:

• ECH – High power, above 8 MHz
• ECM – Medium power, 100 kHz-8 MHz
• ECL – Low power, below 100 MHz

The Oscillator Start-up Timer (OST) is disabled when
EC mode is selected. Therefore, there is no delay in
operation after a Power-on Reset (POR) or wake-up
from Sleep. Because the PIC® MCU design is fully
static, stopping the external clock input will have the
effect of halting the device while leaving all data intact.
Upon restarting the external clock, the device will
resume operation as if no time had elapsed.

FIGURE 9-2: EXTERNAL CLOCK (EC) 
MODE OPERATION

9.2.1.2 LP, XT, HS Modes
The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 9-3). The three modes select
a low, medium or high gain setting of the internal
inverter-amplifier to support various resonator types
and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is designed to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification (above
100 kHz - 8 MHz).

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting
(above 8 MHz).

Figure 9-3 and Figure 9-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.

OSC1/CLKIN

OSC2/CLKOUT

Clock from
Ext. System

PIC® MCU

FOSC/4 or I/O(1)

Note 1: Output depends upon CLKOUTEN bit of the 
Configuration Words (CONFIG1H).
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 99
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13.7 Register Definitions: Windowed Watchdog Timer Control

REGISTER 13-1: WDTCON0: WATCHDOG TIMER CONTROL REGISTER 0
U-0 U-0 R/W(3)-q/q(2) R/W(3)-q/q(2) R/W(3)-q/q(2) R/W(3)-q/q(2) R/W(3)-q/q(2) R/W-0/0
— — PS<4:0> SEN

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets 
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’
bit 5-1 PS<4:0>: Watchdog Timer Prescale Select bits(1)

Bit Value  = Prescale Rate
11111  = Reserved. Results in minimum interval (1:32)

 •
 •
 •

10011  = Reserved. Results in minimum interval (1:32)

10010  = 1:8388608 (223) (Interval 256s nominal)
10001  = 1:4194304 (222) (Interval 128s nominal)
10000  = 1:2097152 (221) (Interval 64s nominal)
01111  = 1:1048576 (220) (Interval 32s nominal)
01110  = 1:524288 (219) (Interval 16s nominal)
01101  = 1:262144 (218) (Interval 8s nominal)
01100  = 1:131072 (217) (Interval 4s nominal)
01011  = 1:65536 (Interval 2s nominal) (Reset value)
01010  = 1:32768 (Interval 1s nominal)
01001  = 1:16384 (Interval 512 ms nominal)
01000  = 1:8192 (Interval 256 ms nominal)
00111  = 1:4096 (Interval 128 ms nominal)
00110  = 1:2048 (Interval 64 ms nominal)
00101  = 1:1024 (Interval 32 ms nominal)
00100  = 1:512 (Interval 16 ms nominal)
00011  = 1:256 (Interval 8 ms nominal)
00010  = 1:128 (Interval 4 ms nominal)
00001  = 1:64 (Interval 2 ms nominal)
00000  = 1:32 (Interval 1 ms nominal)

bit 0 SEN: Software Enable/Disable for Watchdog Timer bit
If WDTE<1:0> = 1x:
This bit is ignored.
If WDTE<1:0> = 01:
1 = WDT is turned on
0 = WDT is turned off
If WDTE<1:0> = 00:
This bit is ignored.

Note 1: Times are approximate. WDT time is based on 31 kHz LFINTOSC.
2: When WDTCPS <4:0> in CONFIG3L = 11111, the Reset value of PS<4:0> is 01011. Otherwise, the Reset value of 

PS<4:0> is equal to WDTCPS<4:0> in CONFIG3L.
3: When WDTCPS <4:0> in CONFIG3L ≠ 11111, these bits are read-only.
4: When the WWDT is configured to run using the SOSC as a clock source and the device is allowed to undergo a Reset, 

as triggered by a WDT time-out, the SOSC would also undergo a Reset. That means the SOSC will execute its start-up 
sequence which requires 1024 SOSC clock counts before it is made available for peripherals to use. So for example, if 
the WDT is set for a 1 ms time-out and the device is allowed to undergo a WDT Reset, then the actual WDT Reset 
period will be: WDT_PERIOD = (1/(SOSC_FREQUENCY) * 1024) + 1 ms.
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 186
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REGISTER 16-6: CRCACCL: CRC ACCUMULATOR LOW BYTE REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

ACC<7:0>
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 ACC<7:0>: CRC Accumulator Register bits

REGISTER 16-7: CRCSHIFTH: CRC SHIFT HIGH BYTE REGISTER
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

SHIFT<15:8>
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 SHIFT<15:8>: CRC Shifter Register bits
Reading from this register reads the CRC Shifter.

REGISTER 16-8: CRCSHIFTL: CRC SHIFT LOW BYTE REGISTER
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

SHIFT<7:0>
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 SHIFT<7:0>: CRC Shifter Register bits
Reading from this register reads the CRC Shifter.
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 224
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FIGURE 20-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM (PORTA EXAMPLE)
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30.8 NCO Control Registers
  
REGISTER 30-1: NCO1CON: NCO CONTROL REGISTER

R/W-0/0 U-0 R-0/0 R/W-0/0 U-0 U-0 U-0 R/W-0/0
EN — OUT POL — — — PFM

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 EN: NCO1 Enable bit
1 = NCO1 module is enabled
0 = NCO1 module is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: NCO1 Output bit

Displays the current output value of the NCO1 module.
bit 4 POL: NCO1 Polarity

1 = NCO1 output signal is inverted
0 = NCO1 output signal is not inverted

bit 3-1 Unimplemented: Read as ‘0’
bit 0 PFM: NCO1 Pulse Frequency Mode bit

1 = NCO1 operates in Pulse Frequency mode
0 = NCO1 operates in Fixed Duty Cycle mode, divide by 2
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 456
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REGISTER 32-3: MD1CARH: MODULATION HIGH CARRIER CONTROL REGISTER
U-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — CH<4:0>(1)

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 CH<4:0>: Modulator Carrier High Selection bits(1)

See Table 32-2 for signal list

Note 1:Unused selections provide an input value.

REGISTER 32-4: MD1CARL: MODULATION LOW CARRIER CONTROL REGISTER
U-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — CL<4:0>(1)

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 CL<4:0>: Modulator Carrier Low Input Selection bits(1)

See Table 32-2 for signal list

Note 1:Unused selections provide a zero as the input value.

TABLE 32-2: MD1CARH/MD1CARL SELECTION MUX CONNECTIONS
MD1CARH MD1CARL

CH<4:0> Connection CL<4:0> Connection

11111-
10011

31-
19

Reserved 11111-
10011

31-
19

Reserved

10010 18 CLC4OUT 10010 18 CLC4OUT
10001 17 CLC3OUT 10001 17 CLC3OUT
10000 16 CLC2OUT 10000 16 CLC2OUT
01111 15 CLC1OUT 01111 15 CLC1OUT
01110 14 NCO1OUT 01110 14 NCO1OUT
01101-
01100

13-
12

Reserved 01101-
01100

13-
12

Reserved

01011 11 PWM8 OUT 01011 11 PWM8 OUT
01010 10 PWM7 OUT 01010 10 PWM7 OUT
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 474
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01001 9 PWM6 OUT 01001 9 PWM6 OUT
01000 8 PWM5 OUT 01000 8 PWM5 OUT
00111 7 CCP4 OUT 00111 7 CCP4 OUT
00110 6 CCP3 OUT 00110 6 CCP3 OUT
00101 5 CCP2 OUT 00101 5 CCP2 OUT
00100 4 CCP1 OUT 00100 4 CCP1 OUT
00011 3 CLKREF output 00011 3 CLKREF output
00010 2 HFINTOSC 00010 2 HFINTOSC 
00001 1 FOSC (system clock) 00001 1 FOSC (system clock)
00000 0 Pin selected by MD1CARHPPS 00000 0 Pin selected by MD1CARLPPS

REGISTER 32-5: MD1SRC: MODULATION SOURCE CONTROL REGISTER
U-0 U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — MS<4:0>

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 MS<4:0>: Modulator Source Selection bits(1)

See Table 32-3 for signal list

Note 1:Unused selections provide a zero as the input value.

TABLE 32-2: MD1CARH/MD1CARL SELECTION MUX CONNECTIONS (CONTINUED)
MD1CARH MD1CARL

CH<4:0> Connection CL<4:0> Connection
 2016-2017 Microchip Technology Inc. Preliminary DS40001869B-page 475
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REGISTER 33-10: UxRXB: UART RECEIVE REGISTER
R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0

RXB<7:0>
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 RXB<7:0>: Top of Receive Buffer

REGISTER 33-11: UxTXB: UART TRANSMIT REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

TXB<7:0>
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 TXB<7:0>: Bottom of Transmit Buffer
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35.5 I2C Master Mode 
Master mode is enabled by setting and clearing the
appropriate Mode<2:0> bits in I2CxCON and then by
setting the I2CEN bit. Master mode of operation is sup-
ported by interrupt generation on buffer full (RXIF), buf-
fer empty (TXIF), and the detection of the Start,
Restart, and Stop conditions. The Stop (P), Restart
(RS) and Start (S) bits are cleared from a Reset or
when the I2C module is disabled. Control of the I2C bus
is asserted when the BFRE bit of I2CSTAT0 is set.

35.5.1 I2C MASTER MODE OPERATION
The master device generates all of the serial clock
pulses and the Start, Restart, and Stop conditions. A
transfer is ended with a Stop condition or with a Restart
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the I2C bus will
not be released, and MMA bit will stay set signifying
that the Master module is still active.

The steps to initiate a transaction depends on the
setting of the address buffer disable bit (ABD) of the
I2CxCON2 register. 

• ABD = 0 (Address buffers are enabled)

In this case, the master module will use the address
stored in the address buffer registers (I2CxADB0/1) to
initiate communication with a slave device. User soft-
ware needs to set the Start bit (S) in the I2CxCON0 reg-
ister to start communication. This is valid for both 7-bit
and 10-bit Addressing modes.

• ABD = 1 (Address buffers are disabled)

In this case, the slave address is transmitted through
the transmit buffer and the contents of the address
buffers are ignored. User software needs to write the
slave address to the transmit buffer (I2CxTXB) to
initiate communication. Writing to the Start bit is
ignored in this mode. This is valid for both 7-bit and
10-bit Addressing modes.

35.5.1.1 Master Transmitter
In Master Transmitter mode, the first byte transmitted
contains the slave address of the receiving device (7
bits) and the Read/Write (R/W) bit. In the case of mas-
ter transmitter, the R/W bit will be logic ‘0’. Serial data
is transmitted eight bits at a time. After each byte is
transmitted, an Acknowledge bit is received. Start and
Stop conditions are output to indicate the beginning
and the end of a serial transfer.

35.5.1.2 Master Receiver 
In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device (7
bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received eight bits at a time.

After each byte is received, an Acknowledge bit is
transmitted. Start and Stop conditions indicate the
beginning and end of the transmission.

35.5.2 MASTER CLOCK SOURCE AND 
ARBITRATION

The I2C module clock source is selected by the
I2CxCLK register. The I2C Clock provides the SCL out-
put clock for Master mode and is used by the Bus Free
timer. The I2C clock can be sourced from several
peripherals.

35.5.3 BUS FREE TIME
In Master modes, the BFRE bit of the I2CxSTAT0 reg-
ister gives an indication of the bus idle status. The mas-
ter hardware cannot assert a Start condition until this bit
is set by the hardware. This prevents the master from
colliding with other masters that may already be talking
on the bus. The BFRET<1:0> bits of I2CxCON1 allow
selection of 8 to 64 pulses of the I2C clock input before
asserting the BFRE bit. The BFRET bits are used to
ensure that the I2C module always follows the mini-
mum Stop Hold Time. The I2C timing requirements are
listed in the electrical specifications chapter.

35.5.4 MASTER CLOCK TIMING
The clock generation in the I2C module can be config-
ured using the Fast Mode Enable (FME) bit of the
I2CxCON2 register. This bit controls the number of
times the SCL pin is sampled before the master hard-
ware drives it.

35.5.4.1 Clock Timing with FME = 0 
One Tscl, consists of five clocks of the I2C clock input.
The first clock is used to drive SCL low, the third
releases SCL high. The fourth and fifth clocks are used
to detect if the SCL pin is, in fact, high or being
stretched by a slave.

If a slave is clock stretching, the hardware waits; check-
ing SCL on each successive I2C clock, proceeding only
after detecting SCL high. Figure 35-13 shows the clock
synthesis timing when FME = 0.

Note:  I2C clock is not required to have a 50%
duty cycle.
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REGISTER 35-2: I2CxCON1 – I2C CONTROL REGISTER 1

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

ACKCNT(2) ACKDT(1,2) ACKSTAT ACKT — RXO TXU CSD

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared HS = Hardware set      HC = Hardware clear

bit 7 ACKCNT: Acknowledge End of Count bit(2)

Acknowledge value transmitted after received data, when I2CCNT = 0
1 = Not Acknowledge (copied to SDA output)
0 = Acknowledge (copied to SDA output)

bit 6 ACKDT: Acknowledge Data bit(1,2)

Acknowledge value transmitted after matching address
Acknowledge value transmitted after received data, when I2CCNT! = 0
1 = Not Acknowledge (copied to SDA output)
0 = Acknowledge (copied to SDA output)

bit 5 ACKSTAT: Acknowledge Status bit (Transmission only)
1 = Acknowledge was not received for most recent transmission
0 =  Acknowledge was received for most recent transmission

bit 4 ACKT: Acknowledge Time Status bit
1 = Indicates the I2C bus is in an Acknowledge sequence, set on 8th falling edge of SCL clock
0 = Not in Acknowledge sequence, cleared on 9th rising edge of SCL

bit 3 Unimplemented: Read as 1’b0

bit 2 RXO: Receive Overflow Status bit (MODE<2:0> = 0xx & 11x)
This bit can only be set when CSD= 1
1 = Set when SMA = 1, and a master clocks in data when RXBF = 1
0 = No slave overflow condition

bit 1 TXU: Transmit Underflow Status bit (MODE<2:0> = 0xx & 11x)
This bit can only be set when CSTRDIS = 1
1 = Set when SMA = 1, and a master clocks out data when TXBE = 1
0 = No slave underflow condition

bit 0 CSD: Clock Stretching Disable bit (MODE<2:0> = 0xx & 11x)
1 = When SMA = 1, the CSTR bit will never be set
0 = Slave clock stretching proceeds normally

Note 1: Software writes to ACKDT bit must be followed by a minimum SDA data-setup time before clearing CSTR.
2: NACK may still be generated by I2C hardware when bus errors are indicated in the I2CxSTAT1 or 

I2CxERR registers.
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REGISTER 35-16: I2CxADB0 – I2C ADDRESS DATA BUFFER 0 REGISTER(1)

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

ADB7 ADB6 ADB5 ADB4 ADB3 ADB2 ADB1  ADB0

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared HS = Hardware set      HC = Hardware clear

bit 7-0 MODE<2:0> = 00x
    ADB<7:1>: Address Data byte
       Received matching 7-bit slave address data
    R/W: Read/not-Write Data bit
       Received read/write value from 7-bit address byte
MODE<2:0> = 01x
    ADB<7:0>: Address Data byte
       Received matching lower 8-bits of 10-bit slave address data
MODE<2:0> = 100
    Unused in this mode; bit state is a don’t care
MODE<2:0> = 101
    ADB<7:0>: Low Address Data byte
       Low 10-bit address value copied to transmit shift register
MODE<2:0> = 11x
    ADB<7:1>: Address Data byte
       Received matching 7-bit slave address
    R/W: Read/not-Write Data bit
       Received read/write value received 7-bit slave address byte

Note 1: This register is read only except in master, 10-bit Address mode (MODE<2:0> = 101).
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REGISTER 38-5: ADSTAT: ADC STATUS REGISTER 
R-0/0 R-0/0 R-0/0 R/HS/HC-0/0 U-0 R-0/0 R-0/0 R-0/0
AOV UTHR LTHR MATH — STAT<2:0>

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS/HC = Bit is set/cleared by hardware

bit 7 AOV: ADC Accumulator Overflow bit
1 = ADC accumulator or ERR calculation have overflowed
0 = ADC accumulator and ERR calculation have not overflowed

bit 6 UTHR: ADC Module Greater-than Upper Threshold Flag bit
1 = ERR >UTH
0 = ERRUTH

bit 5 LTHR: ADC Module Less-than Lower Threshold Flag bit
1 = ERR<LTH
0 = ERR≥LTH

bit 4 MATH: ADC Module Computation Status bit
1 = Registers ACC, FLTR, UTH, LTH and the AOV bit are updating or have already updated
0 = Associated registers/bits have not changed since this bit was last cleared

bit 3 Unimplemented: Read as ‘0’
bit 2-0 STAT<2:0>: ADC Module Cycle Multistage Status bits(1)

111 = ADC module is in 2nd conversion stage
110 = ADC module is in 2nd acquisition stage
101 = ADC module is in 2nd precharge stage
100 = Not used
011 = ADC module is in 1st conversion stage
010 = ADC module is in 1st acquisition stage
001 = ADC module is in 1st precharge stage
000 = ADC module is not converting

Note 1: If CS = 1, and FOSC<FRC, these bits may be invalid.
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FIGURE 43-1: General Format for Instructions (1/2)   

< > Register bit field

 In the set of

italics User defined term (font is courier)

TABLE 43-1: OPCODE FIELD DESCRIPTIONS (CONTINUED)
Field Description

Byte-oriented file register operations

15                  10      9     8   7                               0

d = 0 for result destination to be WREG register 

OPCODE     d      a              f (FILE #)

d = 1 for result destination to be file register (f)
a = 0 to force Access Bank 

Bit-oriented file register operations

15          12 11          9  8   7                                0

OPCODE   b (BIT #)   a        f (FILE #)

b = 3-bit position of bit in file register (f) 

Literal operations

15                              8    7                                 0

 OPCODE                       k (literal)

k = 8-bit immediate value

Byte to Byte move operations (2-word)

15           12  11                                                0

OPCODE                     f (Source FILE #)

a = 1 for BSR to select bank
f  = 8-bit file register address

a = 0 to force Access Bank
a = 1 for BSR to select bank
f  = 8-bit file register address

15           12  11                                                0

    1111                     f (Destination FILE #)

f = 12-bit file register address

Example Instruction

ADDWF MYREG, W, B

MOVFF MYREG1, MYREG2

BSF MYREG, bit, B

MOVLW 7Fh

Byte to Byte move operations (3-word)

15                                                          4   3                   0

OPCODE                     FILE #

15           12  11                                                               0

    1111                                    FILE #

MOVFFL MYREG1, MYREG2

15           12  11                                                               0

    1111                                    FILE #
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TABLE 43-2: EXTENSIONS TO THE PIC18 INSTRUCTION SET

Mnemonic,
Operands Description Cycles

16-Bit Instruction Word Status
AffectedMSb LSb

ADDULNK
MOVSF

MOVSFL

MOVSS

PUSHL
SUBULNK

k
zs,  fd

zs,  fd

zs, zd

k
k

Add FSR2 with (k) & return
Move zs (source) to         1st word
        fd (destination)        2nd word
Opcode                           1st word
Move zs (source) to         2nd word
        fd (full destination)   3rd word
Move zs (source) to         1st word
        zd (destination)        2nd word
Push literal to POSTDEC2 
Subtract (k) from FSR2 & return

2
2
2

3

2
1
2

1110

1110
1111

0000
1111

1111
1110

1111
1110

1110

1000

1011
ffff

0000
xxxz

ffff
1011

xxxx
1010

1001

11kk

0zzz
ffff

0000
zzzz

ffff
1zzz

xzzz
kkkk

11kk

kkkk

zzzz
ffff

0010
zzff

ffff
zzzz

zzzz
kkkk

kkkk

None
None

None

None

None
None

Note 1: If Program Counter (PC) is modified or a conditional test is true, the instruction requires an additional cycle. The extra 
cycle is executed as a NOP.

2: Some instructions are multi word instructions. The second/third words of these instructions will be decoded as a NOP, 
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all program 
memory locations have a valid instruction.

3: Only available when extended instruction set is enabled.
4: fs and fd do not cover the full memory range. 2 MSBs of bank selection are forced to ‘b00 to limit the range of these 

instructions to lower 4k addressing space.
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TABLE 46-9: PLL SPECIFICATIONS 
Standard Operating Conditions (unless otherwise stated) VDD 2.5V

Param 
No. Sym. Characteristic Min. Typ† Max. Units Conditions

PLL01 FPLLIN PLL Input Frequency Range 4 — 16 MHz
PLL02 FPLLOUT PLL Output Frequency Range 16 — 64 MHz Note 1
PLL03 TPLLST PLL Lock Time from Start-up — 200 — s
PLL04 FPLLJIT PLL Output Frequency Stability (Jitter) -0.25 — 0.25 %

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25C unless otherwise stated. These parameters are for design guidance 

only and are not tested.
Note 1: The output frequency of the PLL must meet the FOSC requirements listed in Parameter D002.
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TABLE 46-21: SPI MODE REQUIREMENTS   

Standard Operating Conditions (unless otherwise stated)

Param 
No. Symbol Characteristic Min. Typ† Max. Units Conditions

SP70* TSSL2SCH, 
TSSL2SCL

SS to SCK or SCK input 2.25*TCY — — ns

SP71* TSCH SCK input high time (Slave mode) TCY + 20 — — ns
SP72* TSCL SCK input low time (Slave mode) TCY + 20 — — ns
SP73* TDIV2SCH, 

TDIV2SCL
Setup time of SDI data input to SCK 
edge

100 — — ns

SP74* TSCH2DIL, 
TSCL2DIL

Hold time of SDI data input to SCK edge 100 — — ns

SP75* TDOR SDO data output rise time — 10 25 ns 3.0V  VDD  5.5V
— 25 50 ns 1.8V  VDD  5.5V

SP76* TDOF SDO data output fall time — 10 25 ns

SP77* TSSH2DOZ SS to SDO output high-impedance 10 — 50 ns
SP78* TSCR SCK output rise time 

(Master mode)
— 10 25 ns 3.0V  VDD  5.5V
— 25 50 ns 1.8V  VDD  5.5V

SP79* TSCF SCK output fall time (Master mode) — 10 25 ns
SP80* TSCH2DOV,

TSCL2DOV
SDO data output valid after SCK edge — — 50 ns 3.0V  VDD  5.5V

— — 145 ns 1.8V  VDD  5.5V
SP81* TDOV2SCH,

TDOV2SCL
SDO data output setup to SCK edge 1 Tcy — — ns

SP82* TSSL2DOV SDO data output valid after SS edge — — 50 ns

SP83* TSCH2SSH,
TSCL2SSH

SS after SCK edge 1.5 TCY + 40 — — ns

* These parameters are characterized but not tested.
† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance 

only and are not tested.
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