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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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PIC18(L)F67K40
REGISTER 3-4: Configuration Word 2H (30 0003h): Supervisor

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

XINST — DEBUG STVREN PPS1WAY ZCD BORV<1:0>

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 XINST: Extended Instruction Set Enable bit
1 = Extended Instruction Set and Indexed Addressing mode disabled (Legacy mode)
0 = Extended Instruction Set and Indexed Addressing mode enabled

bit 6 Unimplemented: Read as ‘1’

bit 5 DEBUG: Debugger Enable bit
1 = Background debugger disabled
0 = Background debugger enabled

bit 4 STVREN: Stack Overflow/Underflow Reset Enable bit
1 = Stack Overflow or Underflow will cause a Reset
0 = Stack Overflow or Underflow will not cause a Reset

bit 3 PPS1WAY: PPSLOCKED bit One-Way Set Enable bit
1 = The PPSLOCKED bit can only be set once after an unlocking sequence is executed; once

PPSLOCK is set, all future changes to PPS registers are prevented
0 = The PPSLOCKED bit can be set and cleared as needed (provided an unlocking sequence is

executed)

bit 2 ZCD: ZCD Disable bit
1 = ZCD disabled. ZCD can be enabled by setting the ZCDSEN bit of ZCDCON
0 = ZCD always enabled, ZCDMD bit is ignored

bit 1-0 BORV<1:0>: Brown-out Reset Voltage Selection bit(1)

PIC18F6xK40 device:
11 = Brown-out Reset Voltage (VBOR) set to 2.45V
10 = Brown-out Reset Voltage (VBOR) set to 2.45V
01 = Brown-out Reset Voltage (VBOR) set to 2.7V
00 = Brown-out Reset Voltage (VBOR) set to 2.85V

PIC18LF6xK40 device:
11 = Brown-out Reset Voltage (VBOR) set to 1.90V
10 = Brown-out Reset Voltage (VBOR) set to 2.45V
01 = Brown-out Reset Voltage (VBOR) set to 2.7V
00 = Brown-out Reset Voltage (VBOR) set to 2.85V

Note 1: The higher voltage setting is recommended for operation at or above 16 MHz.
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PIC18(L)F67K40
FIGURE 10-5: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)      

Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to 
the registers of the Access Bank.

2: The MOVFF instruction embeds the entire 12-bit address in the instruction.
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PIC18(L)F67K40
 

                          

REGISTER 13-16: SCANHADRH: SCAN HIGH ADDRESS HIGH 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

HADR<15:8>(1, 2)

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 HADR<15:8>: Scan End Address bits(1, 2)

Most Significant bits of the address at the end of the designated scan

Note 1: Registers SCANHADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access; 
registers should only be read or written while SCANGO = 0 (SCANCON0 register).

2: While SCANGO = 1 (SCANCON0 register), writing to this register is ignored.

REGISTER 13-17: SCANHADRL: SCAN HIGH ADDRESS 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

HADR<7:0>(1, 2)

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 HADR<7:0>: Scan End Address bits(1, 2)

Least Significant bits of the address at the end of the designated scan

Note 1: Registers SCANHADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access; 
registers should only be read or written while SCANGO = 0 (SCANCON0 register).

2: While SCANGO = 1 (SCANCON0 register), writing to this register is ignored.
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 161



PIC18(L)F67K40
TABLE 14-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

INTCON GIE/GIEH PEIE/GIEL IPEN — INT3EDG INT2EDG INT1EDG INT0EDG 173

PIE0 ― ― TMR0IE IOCIE INT3IE INT2IE INT1IE INT0IE 185

PIE1 OSCFIE CSWIE ― ― ― ― ADTIE ADIE 186

PIE2 HLVDIE ZCDIE ― ― ― C3IE C2IE C1IE 187

PIE3 RC2IE TX2IE RC1IE TX1IE BCL2IE SSP2IE BCL1IE SSP1IE 188

PIE4 ― ― RC5IE TX5IE RC4IE TX4IE RC3IE TX3IE 189

PIE5 TMR8IE TMR7IE TMR6IE TMR5IE TMR4IE TMR3IE TMR2IE TMR1IE 190

PIE6 ― ― ― ― TMR7GIE TMR5GIE TMR3GIE TMR1GIE 191

PIE7 ― ― ― CCP5IE CCP4IE CCP3IE CCP2IE CCP1IE 192

PIE8 SCANIE CRCIE NVMIE ― ― ― ― CWG1IE 193

PIE9 ― ― SMT2PWAIE SMT2PRAIE SMT2IE SMT1PWAIE SMT1PRAIE SMT1IE 194

PIR0 ― ― TMR0IF IOCIF INT3IF INT2IF INT1IF INT0IF 174

PIR1 OSCFIF CSWIF ― ― ― ― ADTIF ADIF 175

PIR2 HLVDIF ZCDIF ― ― ― C3IF C2IF C1IF 176

PIR3 RC2IF TX2IF RC1IF TX1IF BCL2IF SSP2IF BCL1IF SSP1IF 177

PIR4 ― ― RC5IF TX5IF RC4IF TX4IF RC3IF TX3IF 178

PIR5 TMR8IF TMR7IF TMR6IF TMR5IF TMR4IF TMR3IF TMR2IF TMR1IF 179

PIR6 ― ― ― ― TMR7GIF TMR5GIF TMR3GIF TMR1GIF 180

PIR7 ― ― ― CCP5IF CCP4IF CCP3IF CCP2IF CCP1IF 181

PIR8 SCANIF CRCIF NVMIF ― ― ― ― CWG1IF 183

PIR9 ― ― SMT2PWAIF SMT2PRAIF SMT2IF SMT1PWAIF SMT1PRAIF SMT1IF 184

IPR0 ― ― TMR0IP IOCIP INT3IP INT2IP INT1IP INT0IP 195

IPR1 OSCFIP CSWIP ― ― ― ― ADTIP ADIP 196

IPR2 HLVDIP ZCDIP ― ― ― C3IP C2IP C1IP 197

IPR3 RC2IP TX2IP RC1IP TX1IP BCL2IP SSP2IP BCL1IP SSP1IP 198

IPR4 ― ― RC5IP TX5IP RC4IP TX4IP RC3IP TX3IP 199

IPR5 TMR8IP TMR7IP TMR6IP TMR5IP TMR4IP TMR3IP TMR2IP TMR1IP 200

IPR6 ― ― ― ― TMR7GIP TMR5GIP TMR3GIP TMR1GIP 201

IPR7 ― ― ― CCP5IP CCP4IP CCP3IP CCP2IP CCP1IP 202

IPR8 SCANIP CRCIP NVMIP ― ― ― ― CWG1IP 203

IPR9 ― ― SMT2PWAIP SMT2PRAIP SMT2IP SMT1PWAIP SMT1PRAIP SMT1IP 204

Legend:  — = unimplemented locations, read as ‘0’. Shaded bits are not used for Interrupts.
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 206



PIC18(L)F67K40
18.8 Register Definitions: Timer0 Control

REGISTER 18-1: T0CON0: TIMER0 CONTROL REGISTER 0

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

T0EN — T0OUT T016BIT T0OUTPS<3:0>

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 T0EN:TMR0 Enable bit
1 = The module is enabled and operating
0 = The module is disabled and in the lowest power mode

bit 6 Unimplemented: Read as ‘0’

bit 5 T0OUT:TMR0 Output bit (read-only)
TMR0 output bit

bit 4 T016BIT: TMR0 Operating as 16-Bit Timer Select bit
1 = TMR0 is a 16-bit timer
0 = TMR0 is an 8-bit timer

bit 3-0 T0OUTPS<3:0>: TMR0 Output Postscaler (Divider) Select bits
1111 = 1:16 Postscaler
1110 = 1:15 Postscaler
1101 = 1:14 Postscaler
1100 = 1:13 Postscaler
1011 = 1:12 Postscaler
1010 = 1:11 Postscaler
1001 = 1:10 Postscaler
1000 = 1:9 Postscaler
0111 = 1:8 Postscaler
0110 = 1:7 Postscaler
0101 = 1:6 Postscaler
0100 = 1:5 Postscaler
0011 = 1:4 Postscaler
0010 = 1:3 Postscaler
0001 = 1:2 Postscaler
0000 = 1:1 Postscaler
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 235



PIC18(L)F67K40
TABLE 21-5: SUMMARY OF REGISTERS ASSOCIATED WITH CCPx

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

INTCON GIE/GIEH PEIE/GIEL IPEN — INT3EDG INT2EDG INT1EDG INT0EDG 173

PIE7 — — — CCP5IE CCP4IE CCP3IE CCP2IE CCP1IE 192

PIR7 — — — CCP5IF CCP4IF CCP3IF CCP2IF CCP1IF 181

IPR7 — — — CCP5IP CCP4IP CCP3IP CCP2IP CCP1IP 202

PMD4 — PWM7MD PWM6MD CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD 70

CCPxCON EN — OUT FMT MODE<3:0> 279

CCPxCAP — — — — — — CTS<1:0> 283

CCPRxL CCPRx<7:0> 283

CCPRxH CCPRx<15:8> 284

CCPTMRS0 C4TSEL<1:0> C3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0> 281

CCPTMRS1 — — P7TSEL<1:0> P6TSEL<1:0> C5TSEL<1:0> 282

CCPxPPS — — CCPxPPS<5:0> 225

RxyPPS — — RxyPPS<5:0> 228

T1CON — — T1CKPS<1:0> — T1SYNC T1RD16 TMR1ON 240

T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GO/DONE T1GVAL — — 241

T1CLK — — — — CS<3:0> 242

T1GATE — — — — GSS<3:0> 243

TMR1L TMR1L7 TMR1L6 TMR1L5 TMR1L4 TMR1L3 TMR1L2 TMR1L1 TMR1L0 244

TMR1H TMR1H7 TMR1H6 TMR1H5 TMR1H4 TMR1H3 TMR1H2 TMR1H1 TMR1H0 244

TMR2 TMR2<7:0> 255*

T2PR PR2<7:0> 255*

T2CON ON CKPS<2:0> OUTPS<3:0> 273

T2HLT PSYNC CPOL CSYNC MODE<4:0> 274

T2CLKCON — — — — CS<3:0> 275

T2RST — — — — RSEL<3:0> 276

Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the CCP module.
* Not a physical register.
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 292



PIC18(L)F67K40
22.1.9 SETUP FOR PWM OPERATION 
USING PWMx PINS

The following steps should be taken when configuring
the module for PWM operation using the PWMx pins:

1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).

2. Clear the PWMxCON register.

3. Load the PR2 register with the PWM period value.

4. Load the PWMxDCH register and bits <7:6> of
the PWMxDCL register with the PWM duty cycle
value.

5. Configure and start Timer2:

• Clear the TMR2IF interrupt flag bit of the 
PIR4 register. See Note 1 below.

• Select the timer clock source to be as 
FOSC/4 using the TxCLKCON register. This 
is required for correct operation of the 
PWM module.

• Configure the T2CKPS bits of the T2CON 
register with the Timer2 prescale value.

• Enable Timer2 by setting the T2ON bit of the 
T2CON register.

6. Enable PWM output pin and wait until Timer2
overflows, TMR2IF bit of the PIR4 register is set.
See note below.

7. Enable the PWMx pin output driver(s) by clear-
ing the associated TRIS bit(s) and setting the
desired pin PPS control bits.

8. Configure the PWM module by loading the
PWMxCON register with the appropriate values.

22.1.10 SETUP FOR PWM OPERATION TO 
OTHER DEVICE PERIPHERALS

The following steps should be taken when configuring
the module for PWM operation to be used by other
device peripherals:

1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).

2. Clear the PWMxCON register.

3. Load the PR2 register with the PWM period value.

4. Load the PWMxDCH register and bits <7:6> of
the PWMxDCL register with the PWM duty cycle
value.

5. Configure and start Timer2:

• Clear the TMR2IF interrupt flag bit of the 
PIR4 register. See Note 1 below.

• Select the timer clock source to be as 
FOSC/4 using the TxCLKCON register. This 
is required for correct operation of the 
PWM module.

• Configure the T2CKPS bits of the T2CON 
register with the Timer2 prescale value.

• Enable Timer2 by setting the T2ON bit of the 
T2CON register.

6. Enable PWM output pin:

• Wait until Timer2 overflows, TMR2IF bit of the 
PIR4 register is set. See Note 1 below.

7. Configure the PWM module by loading the
PWMxCON register with the appropriate values.

Note 1: In order to send a complete duty cycle
and period on the first PWM output, the
above steps must be followed in the order
given. If it is not critical to start with a
complete PWM signal, then move Step 8
to replace Step 4.

2: For operation with other peripherals only,
disable PWMx pin outputs.

Note 1: In order to send a complete duty cycle
and period on the first PWM output, the
above steps must be included in the
setup sequence. If it is not critical to start
with a complete PWM signal on the first
output, then step 6 may be ignored.
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 296



PIC18(L)F67K40
23.6 Handling VPEAK Variations

If the peak amplitude of the external voltage is
expected to vary, the series resistor must be selected
to keep the ZCD current source and sink below the
design maximum range of ± 600 A and above a
reasonable minimum range. A general rule of thumb is
that the maximum peak voltage can be no more than
six times the minimum peak voltage. To ensure that the
maximum current does not exceed ± 600 A and the
minimum is at least ± 100 A, compute the series
resistance as shown in Equation 23-5. The
compensating pull-up for this series resistance can be
determined with Equation 23-4 because the pull-up
value is independent from the peak voltage.

EQUATION 23-5: SERIES R FOR V RANGE

23.7 Operation During Sleep

The ZCD current sources and interrupts are unaffected
by Sleep.

23.8 Effects of a Reset

The ZCD circuit can be configured to default to the active
or inactive state on Power-on-Reset (POR). When the
ZCD Configuration bit is cleared, the ZCD circuit will be
active at POR. When the ZCD Configuration bit is set,
the ZCDSEN bit of the ZCDCON register must be set to
enable the ZCD module.

23.9 Disabling the ZCD Module

The ZCD module can be disabled in two ways:

1. Configuration Word 2H has the ZCD bit which
disables the ZCD module when set, but it can be
enabled using the ZCDSEN bit of the ZCDCON
register (Register 23-1). If the ZCD bit is clear,
the ZCD is always enabled.

2. The ZCD can also be disabled using the
ZCDMD bit of the PMD3 register (Register 7-4).
This is subject to the status of the ZCD bit.

RSERIES
VMAXPEAK VMINPEAK+

7
4–10

---------------------------------------------------------=
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PIC18(L)F67K40
TABLE 25-2: SUMMARY OF REGISTERS ASSOCIATED WITH SMTx    

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register on 

Page

PIE9 — — SMT2PWAIE SMT2PRAIE SMT2IE SMT1PWAIE SMT1PRAIE SMT1IE 189

PIR9 — — SMT2PWAIF SMT2PRAIF SMT2IF SMT1PWAIF SMT1PRAIF SMT1IF 176

IPR9 — — SMT2PWAIP SMT2PRAIP SMT2IP SMT1PWAIP SMT1PRAIP SMT1IP 201

SMT1CLK — — — — — CSEL<2:0> 340

SMT1CON0 EN — STP WPOL SPOL CPOL SMT1PS<1:0> 337

SMT1CON1 SMT1GO REPEAT — — MODE<3:0> 338

SMT1CPRH SMT1CPR<15:8> 344

SMT1CPRL SMT1CPR<7:0> 344

SMT1CPRU SMT1CPR<23:16> 344

SMT1CPWH SMT1CPW<15:8> 345

SMT1CPWL SMT1CPW<7:0> 345

SMT1CPWU SMT1CPW<23:16> 345

SMT1PRH SMT1PR<15:8> 346

SMT1PRL SMT1PR<7:0> 346

SMT1PRU SMT1PR<23:16> 346

SMT1SIG — — — SSEL<4:0> 342

SMT1STAT CPRUP CPWUP RST — — TS WS AS 339

SMT1TMRH SMT1TMR<15:8> 343

SMT1TMRL SMT1TMR<7:0> 343

SMT1TMRU SMT1TMR<23:16> 343

SMT1WIN — — — WSEL<4:0> 341

SMT2CLK — — — — — CSEL<2:0> 340

SMT2CON0 EN — STP WPOL SPOL CPOL SMT2PS<1:0> 337

SMT2CON1 SMT2GO REPEAT — — MODE<3:0> 338

SMT2CPRH SMT2CPR<15:8> 344

SMT2CPRL SMT2CPR<7:0> 344

SMT2CPRU SMT2CPR<23:16> 344

SMT2CPWH SMT2CPW<15:8> 345

SMT2CPWL SMT2CPW<7:0> 345

SMT2CPWU SMT2CPW<23:16> 345

SMT2PRH SMT2PR<15:8> 346

SMT2PRL SMT2PR<7:0> 346

SMT2PRU SMT2PR<23:16> 346

SMT2SIG — — — SSEL<4:0> 342

SMT2STAT CPRUP CPWUP RST — — TS WS AS 339

SMT2TMRH SMT2TMR<15:8> 343

SMT2TMRL SMT2TMR<7:0> 343

SMT2TMRU SMT2TMR<23:16> 343

SMT2WIN — — — WSEL<4:0> 340

Legend: x = unknown, u = unchanged, — = unimplemented read as ‘0’, q = value depends on condition. Shaded cells are not used for SMTx module.
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PIC18(L)F67K40
25.7.3 PERIOD AND DUTY-CYCLE MODE

In Duty-Cycle mode, either the duty cycle or period
(depending on polarity) of the SMTx_signal can be
acquired relative to the SMT clock. The CPW register is
updated on a falling edge of the signal, and the CPR
register is updated on a rising edge of the signal, along
with the SMTxTMR resetting to 0x0001. In addition, the
SMTxGO bit is reset on a rising edge when the SMT is
in Single Acquisition mode. See Figure 25-6 and
Figure 25-7.
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 354
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PIC18(L)F67K40
26.1 Register Definitions: Modulation Control

Long bit name prefixes for the Modulation peripheral is
shown in Table 26-1. Refer to Section 1.4.2.2 “Long
Bit Names” for more information.

TABLE 26-1:

Peripheral Bit Name Prefix

MD MD

REGISTER 26-1: MDCON0: MODULATION CONTROL REGISTER 0

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

EN — OUT OPOL — — — BIT

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: Modulator Module Enable bit

1 = Modulator module is enabled and mixing input signals
0 = Modulator module is disabled and has no output

bit 6 Unimplemented: Read as ‘0’

bit 5 OUT: Modulator Output bit

Displays the current output value of the Modulator module.(1)

bit 4 OPOL: Modulator Output Polarity Select bit

1 = Modulator output signal is inverted; idle high output
0 = Modulator output signal is not inverted; idle low output

bit 3-1 Unimplemented: Read as ‘0’

bit 0 BIT: Allows software to manually set modulation source input to module(2)

Note 1: The modulated output frequency can be greater and asynchronous from the clock that updates this 
register bit, the bit value may not be valid for higher speed modulator or carrier signals.

2: MDBIT must be selected as the modulation source in the MDSRC register for this operation.
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REGISTER 27-2: SSPxCON1: MSSPx CONTROL REGISTER 1 (SPI MODE)

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

WCOL SSPOV(1) SSPEN(2) CKP SSPM3(4) SSPM2(4) SSPM1(4) SSPM0(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 WCOL: Write Collision Detect bit

1 = The SSPxBUF register is written while it is still transmitting the previous word (must be cleared in
software) 

0 = No collision 

bit 6 SSPOV: Receive Overflow Indicator bit(1)

SPI Slave mode: 

1 = A new byte is received while the SSPxBUF register is still holding the previous data. In case of
overflow, the data in SSPxSR is lost. Overflow can only occur in Slave mode. The user must read
the SSPxBUF, even if only transmitting data, to avoid setting overflow (must be cleared in
software).

0 = No overflow

bit 5 SSPEN: Master Synchronous Serial Port Enable bit(2)

1 = Enables serial port and configures SCKx, SDOx, SDIx and SSx as serial port pins 
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: Clock Polarity Select bit 

1 = Idle state for the clock is a high level 
0 = Idle state for the clock is a low level

bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(4)

1010 = SPI Master mode: Clock = FOSC/(4 * (SSPxADD + 1))(3)

0101 = SPI Slave mode: Clock = SCKx pin; SSx pin control is disabled; SSx can be used as I/O pin 
0100 = SPI Slave mode: Clock = SCKx pin; SSx pin control is enabled
0011 = SPI Master mode: Clock = TMR2 output/2 
0010 = SPI Master mode: Clock = FOSC/64 
0001 = SPI Master mode: Clock = FOSC/16 
0000 = SPI Master mode: Clock = FOSC/4 

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by 
writing to the SSPxBUF register.

2: When enabled, these pins must be properly configured as inputs or outputs.

3: SSPxADD = 0 is not supported.

4: Bit combinations not specifically listed here are either reserved or implemented in I2C mode only.
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REGISTER 27-11: SSPxADD: MSSP ADDRESS REGISTER (I2C MASTER MODE)

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

ADD<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

Master mode: I2     C mode

bit 7-0 Baud Rate Clock Divider bits(1)

SCK/SCL pin clock period = ((SSPxADD<7:0> + 1) *4)/FOSC

10-Bit Slave mode – Most Significant Address Byte:

bit 7-3 Not used: Unused for Most Significant Address Byte. Bit state of this register is a don’t care. Bit 
pattern sent by master is fixed by I2C specification and must be equal to‚ ’11110’. However, those bits 
are compared by hardware and are not affected by the value in this register.

bit 2-1 ADD<9:8>: Two Most Significant bits of 10-bit Address

bit 0 Not used: Unused in this mode. Bit state is a don’t care.

10-Bit Slave mode – Least Significant Address Byte:

bit 7-0 ADD<7:0>: Eight Least Significant bits of 10-bit Address

7-Bit Slave mode:

bit 7-1 7-bit Slave Address

bit 0 Not used: Unused in this mode. Bit state is a don’t care.

Note 1: Values of 0x00, 0x01 and 0x02 are not valid for SSPxADD when used as a Baud Rate Generator for I2C. 
This is an implementation limitation.

REGISTER 27-12: SSPxMSK: MSSPx ADDRESS MASK REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

MSK<7:1> MSK0

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 7-1 MSK<7:1>: Mask bits

1 = The received address bit n is compared to SSPxADDn to detect I2C address match
0 = The received address bit n is not used to detect I2C address match

bit 0 MSK0: Mask bit for I2C Slave mode, 10-bit Address

I2C Slave mode, 10-bit address (SSPM<3:0> = 0111 or 1111):
1 = The received address bit 0 is compared to SSPxADD0 to detect I2C address match
0 = The received address bit 0 is not used to detect I2C address match
I2C Slave mode, 7-bit address, the bit is ignored.
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27.10.8 ACKNOWLEDGE SEQUENCE 
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN bit of the
SSPxCON2 register. When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, the user should set the ACKDT bit
before starting an Acknowledge sequence. The Baud
Rate Generator then counts for one rollover period
(TBRG) and the SCL pin is deasserted (pulled high).
When the SCL pin is sampled high (clock arbitration),
the Baud Rate Generator counts for TBRG. The SCL pin
is then pulled low. Following this, the ACKEN bit is auto-
matically cleared, the Baud Rate Generator is turned off
and the MSSP module then goes into Idle mode
(Figure 27-30).

27.10.8.1 WCOL Status Flag

If the user writes the SSPxBUF when an Acknowledge
sequence is in progress, then the WCOL bit is set and
the contents of the buffer are unchanged (the write
does not occur).

27.10.9 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN bit of the SSPxCON2 register. At the end of a
receive/transmit, the SCL line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDA line low. When the SDA
line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCL pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDA pin will be deasserted. When the SDA
pin is sampled high while SCL is high, the P bit of the
SSPxSTAT register is set. A TBRG later, the PEN bit is
cleared and the SSPxIF bit is set (Figure 27-31).

27.10.9.1 WCOL Status Flag

If the user writes the SSPxBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write does
not occur).

FIGURE 27-30: ACKNOWLEDGE SEQUENCE WAVEFORM         

FIGURE 27-31: STOP CONDITION RECEIVE OR TRANSMIT MODE       

Note: TBRG = one Baud Rate Generator period.

SDA
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ACKEN automatically cleared
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D0

9

SSPxIF

software SSPxIF set at the end
of Acknowledge sequence
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software

ACK
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SDA
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Write to SSPxCON2,
set PEN

Falling edge of

SCL = 1 for TBRG, followed by SDA = 1 for TBRG

9th clock
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Note: TBRG = one Baud Rate Generator period.

TBRG TBRG
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P
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PEN bit (SSPxCON2<2>) is cleared by
   hardware and the SSPxIF bit is set
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27.10.13.1 Bus Collision During a Start 
Condition

During a Start condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the Start condition (Figure 27-33).

b) SCL is sampled low before SDA is asserted low
(Figure 27-34).

During a Start condition, both the SDA and the SCL
pins are monitored. 

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:

• the Start condition is aborted, 

• the BCLxIF flag is set and

•  the MSSP module is reset to its Idle state 
(Figure 27-33). 

The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded and counts down. If the
SCL pin is sampled low while SDA is high, a bus
collision occurs because it is assumed that another
master is attempting to drive a data ‘1’ during the Start
condition. 

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 27-35). If, however, a ‘1’ is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to zero; if the SCL pin is sampled as ‘0’
during this time, a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.      

FIGURE 27-33: BUS COLLISION DURING START CONDITION (SDA ONLY)      

Note: The reason that bus collision is not a
factor during a Start condition is that no
two bus masters can assert a Start condi-
tion at the exact same time. Therefore,
one master will always assert SDA before
the other. This condition does not cause a
bus collision because the two masters
must be allowed to arbitrate the first
address following the Start condition. If the
address is the same, arbitration must be
allowed to continue into the data portion,
Repeated Start or Stop conditions.
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SDA = 0, SCL = 1.

BCLxIF

S

SSPxIF

SDA = 0, SCL = 1.

SSPxIF and BCLxIF are
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SSPxIF and BCLxIF are
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Set BCLxIF,

Start condition. Set BCLxIF.
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32.1.3 ADC VOLTAGE REFERENCE

The ADPREF<1:0> bits of the ADREF register provide
control of the positive voltage reference. The positive
voltage reference can be:

• VREF+ pin

• VDD

• FVR 1.024V

• FVR 2.048V

• FVR 4.096V

The ADNREF bit of the ADREF register provides
control of the negative voltage reference. The negative
voltage reference can be:

• VREF- pin
• VSS

See Section 29.0 “Fixed Voltage Reference (FVR)”
for more details on the Fixed Voltage Reference.

32.1.4  CONVERSION CLOCK

The source of the conversion clock is software
selectable via the ADCLK register and the ADCS bits of
the ADCON0 register. There are 66 possible clock
options:

• FOSC/2

• FOSC/4

• FOSC/6

• FOSC/8

• FOSC/10

.

.

.

• FOSC/128

• FRC (dedicated RC oscillator)

The time to complete one bit conversion is defined as
TAD. One full 10-bit conversion requires 11.5 TAD

periods as shown in Figure 32-2.

For correct conversion, the appropriate TAD specification
must be met. Refer to Table 38-14 for more information.
Table 32-1 gives examples of appropriate ADC clock
selections.

Note 1: Unless using the FRC, any changes in the
system clock frequency will change the
ADC clock frequency, which may
adversely affect the ADC result.

2: The internal control logic of the ADC runs
off of the clock selected by the ADCS bit
of ADCON0. What this can mean is when
the ADCS bit of ADCON0 is set to ‘1’
(ADC runs on FRC), there may be
unexpected delays in operation when
setting ADC control bits.
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FIGURE 32-9: DIFFERENTIAL CVD WITH GUARD RING OUTPUT WAVEFORM

FIGURE 32-10: HARDWARE CVD SEQUENCE TIMING DIAGRAM 

32.4.5 ADDITIONAL SAMPLE AND HOLD 
CAPACITANCE

Additional capacitance can be added in parallel with the
internal sample and hold capacitor (CHOLD) by using
the ADCAP register. This register selects a digitally
programmable capacitance which is added to the ADC
conversion bus, increasing the effective internal capac-
itance of the sample and hold capacitor in the ADC
module. This is used to improve the match between
internal and external capacitance for a better sensing
performance. The additional capacitance does not
affect analog performance of the ADC because it is not
connected during conversion. See Figure 32-11.
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Set GO/DONE bit

Holding capacitor CHOLD is disconnected from analog input (typically 100 ns) 

TAD9 TAD10TCY - TAD

AADRES0H:AADRES0L is loaded,
ADIF bit is set,

Conversion starts 

b0b9 b6 b5 b4 b3 b2 b1b8 b7

On the following cycle: 

1-255 TINST 1-255 TINST 

Precharge Acquisition/
Sharing Time    Time 

Conversion Time

If ADPRE  0 If ADACQ 0 If ADPRE = 0
If ADACQ = 0

GO/DONE bit is cleared

(Traditional Timing of ADC Conversion)

External and Internal
Channels are 
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External and Internal
Channels share
charge

 

(Traditional Operation Start) 

(TPRE) (TACQ)
 2016-2017 Microchip Technology Inc. Preliminary DS40001841C-page 499



PIC18(L)F67K40
33.2 Register Definitions: Comparator Control

Long bit name prefixes for the Comparators are shown
in Table 33-1. Refer to Section 1.4.2.2 “Long Bit
Names” for more information.

TABLE 33-1:

Peripheral Bit Name Prefix

C1 C1

C2 C2

C3 C3

REGISTER 33-1: CMxCON0: COMPARATOR x CONTROL REGISTER 0

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

EN OUT — POL — — HYS SYNC

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 EN: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled and consumes no active power

bit 6 OUT: Comparator Output bit

If POL = 0 (non-inverted polarity):
1 = CxVP > CxVN
0 = CxVP < CxVN
If POL = 1 (inverted polarity):
1 = CxVP < CxVN
0 = CxVP > CxVN

bit 5 Unimplemented: Read as ‘0’

bit 4 POL: Comparator Output Polarity Select bit

1 = Comparator output is inverted
0 = Comparator output is not inverted

bit 3 Unimplemented: Read as ‘0’

bit 2 Unimplemented: Read as ‘1’

bit 1 HYS: Comparator Hysteresis Enable bit

1 = Comparator hysteresis enabled
0 =   Comparator hysteresis disabled

bit 0 SYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1/3/5/7 and I/O pin is synchronous to changes on Timer1 clock source.
0 = Comparator output to Timer1/3/5/7 and I/O pin is asynchronous

Output updated on the falling edge of Timer1/3/5/7 clock source.
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