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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 -
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Active
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A/D 8x12b
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PIC18F66K80 FAMILY

TABLE 1-6: PIC18F6XK80 PINOUT I/0O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer N
Pin Name Num | Type | Type Description
PORTC is a bidirectional 1/0 port.
RC0/SOSCO/SCLKI 48
RCO /0 ST/ |Digital I/0.
CMOS
SOSCO | ST |Timer1 oscillator output.
SCLKI | ST |Digital SOSC input.
RC1/SOSCI 49
RC1 /0 ST/ |Digital I/0.
CMOS
SOSCI | CMOS | SOSC oscillator input.
RC2/T1G/CCP2 50
RC2 /0 ST/ |Digital I/0.
CMOS
T1G | ST |Timer1 external clock gate input.
CCP2 I/0 ST |Capture 2 input/Compare 2 output/PWM2 output.
RC3/REFO/SCL/SCK 51
RC3 /0 ST/ |Digital I/0.
CMOS
REFO O | CMOS |Reference clock out.
SCL 110 I2C  [Synchronous serial clock input/output for °C mode.
SCK I/O ST |Synchronous serial clock input/output for SPI mode.
RC4/SDA/SDI 62
RC4 I/0 ST/ |Digital I/O.
CMOS
SDA /0 | I1’C |I?C data input/output.
SDI | ST |SPIdatain.
RC5/SDO 63
RC5 I/0 ST/ |Digital I/O.
CMOS
SDO O |CMOS |SPI data out.
RC6/CCP3 64
RC6 I/0 ST/ |Digital I/O.
CMOS
CCP3 /0 ST/ |Capture 3 input/Compare 3 output/PWM3 output.
CMOS
RC7/CCP4 1
RC7 /0 ST/ |Digital I/0.
CMOS
CCP4 /0 ST/ |Capture 4 input/Compare 4 output/PWM4 output.
CMOS
Legend: I°C™ = |2C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power

© 2010-2012 Microchip Technology Inc. DS39977F-page 37



PIC18F66K80 FAMILY

2.4 Voltage Regulator Pins (ENVREG
and VCAP/VDDCORE)

The on-chip voltage regulator enable pin, ENVREG,
must always be connected directly to either a supply
voltage or to ground. Tying ENVREG to VDD enables
the regulator, while tying it to ground disables the
regulator. Refer to Section 28.3 “On-Chip Voltage
Regulator” for details on connecting and using the
on-chip regulator.

When the regulator is enabled, a low-ESR (< 5Q)
capacitor is required on the VCAP/VDDCORE pin to
stabilize the voltage regulator output voltage. The
VCAP/VDDCORE pin must not be connected to VDD and
must use a capacitor of 10 yF connected to ground. The
type can be ceramic or tantalum. Suitable examples of
capacitors are shown in Table 2-1. Capacitors with
equivalent specifications can be used.

Designers may use Figure 2-3 to evaluate ESR
equivalence of candidate devices.

It is recommended that the trace length not exceed
0.25 inch (6 mm). Refer to Section 31.0 “Electrical
Characteristics” for additional information.

When the regulator is disabled, the VCAP/VDDCORE pin
must be tied to a voltage supply at the VDDCORE level.
Refer to Section 31.0 “Electrical Characteristics” for
information on VDD and VDDCORE.

Some PIC18FXXKXX families, or some devices within
a family, do not provide the option of enabling or
disabling the on-chip voltage regulator:

* Some devices (with the name, PIC18LFXXKXX)
permanently disable the voltage regulator.
These devices do not have the ENVREG pin and
require a 0.1 pF capacitor on the VCAP/VDDCORE
pin. The VDD level of these devices must comply
with the “voltage regulator disabled” specification
for Parameter D001, in Section 31.0 “Electrical
Characteristics”.

» Some devices permanently enable the voltage
regulator.
These devices also do not have the ENVREG pin.
The 10 pF capacitor is still required on the
VCAP/VDDCORE pin.

FIGURE 2-3: FREQUENCY vs. ESR
PERFORMANCE FOR
SUGGESTED Vcap
10
1
g
x 0.1
@
0.01
0.001
0.01 0.1 1 10 100 1000 10,000
Frequency (MHz)
Note: Typical data measurement at 25°C, 0V DC bias.

TABLE 2-1: SUITABLE CAPACITOR EQUIVALENTS

Make Part # CaNer:iltr;ilce Base Tolerance | Rated Voltage | Temp. Range
TDK C3216X7R1C106K 10 yF +10% 16V -55 to 125°C
TDK C3216X5R1C106K 10 pF +10% 16V -55 to 85°C
Panasonic ECJ-3YX1C106K 10 uF +10% 16V -55 to 125°C
Panasonic ECJ-4YB1C106K 10 uF +10% 16V -55 to 85°C
Murata GRM32DR71C106KA01L 10 pF +10% 16V -55 to 125°C
Murata GRM31CR61C106KC31L 10 pF +10% 16V -55 to 85°C

© 2010-2012 Microchip Technology Inc.
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54 Brown-out Reset (BOR)

The PIC18F66K80 family has four BOR Power modes:

» High-Power BOR
* Medium Power BOR
* Low-Power BOR
* Zero-Power BOR

Each power mode is selected by the BORPWR<1:0>
setting (CONFIG2L<6:5>). For low, medium and
high-power BOR, the module monitors the VDD depend-
ing on the BORV<1:0> setting (CONFIG1L<3:2>). The
typical current draw (AIBOR) for zero, low and medium
power BOR is 200 nA, 750 nA and 3 pA, respectively. A
BOR event re-arms the Power-on Reset. It also causes
a Reset, depending on which of the trip levels has been
set: 1.8V, 2V, 2.7V or 3V.

BOR is enabled by BOREN<1:0> (CONFIG2L<2:1>)
and the SBOREN bit (RCON<6>). The four BOR
configurations are summarized in Table 5-1.

In Zero-Power BOR (ZPBORMYV), the module monitors
the VDD voltage and re-arms the POR at about 2V.
ZPBORMYV does not cause a Reset, but re-arms the
POR.

The BOR accuracy varies with its power level. The lower
the power setting, the less accurate the BOR trip levels
are. Therefore, the high-power BOR has the highest
accuracy and the low-power BOR has the lowest accu-
racy. The trip levels (BvDD, Parameter D005), current
consumption (Section 31.2 “DC Characteristics:
Power-Down and Supply Current PIC18F66K80
Family (Industrial/Extended)”) and time required
below BvDD (TBOR, Parameter 35) can all be found in
Section 31.0 “Electrical Characteristics”.

5.4.1 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<6>). Setting SBOREN
enables the BOR to function as previously described.
Clearing SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise it is
read as ‘0.

Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change BOR configuration. It also allows the user to
tailor device power consumption in software by elimi-
nating the incremental current that the BOR consumes.
While the BOR current is typically very small, it may
have some impact in low-power applications.

Note: Even when BOR is under software con-
trol, the Brown-out Reset voltage level is
still set by the BORV<1:0> Configuration

bits; it cannot be changed in software.

5.4.2 DETECTING BOR

When Brown-out Reset is enabled, the BOR bit always
resets to ‘0’ on any Brown-out Reset or Power-on
Reset event. This makes it difficult to determine if a
Brown-out Reset event has occurred just by reading
the state of BOR alone. A more reliable method is to
simultaneously check the state of both POR and BOR.
This assumes that the POR bit is reset to ‘1’ in software
immediately after any Power-on Reset event. IF BOR
is ‘0’ while POR is ‘1’, it can be reliably assumed that a
Brown-out Reset event has occurred.

5.4.3 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, the BOR remains under
hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

TABLE 5-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation
BOREN1 BORENO | (RCON<6>)
0 0 Unavailable |BOR is disabled; must be enabled by reprogramming the Configuration
bits.
0 1 Available |BOR is enabled in software; operation is controlled by SBOREN.
1 0 Unavailable |BOR is enabled in hardware, in Run and Idle modes; disabled during
Sleep mode.
1 1 Unavailable |BOR is enabled in hardware; must be disabled by reprogramming the
Configuration bits.

DS39977F-page 82
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REGISTER 10-12: PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0
TMRA4IE EEIE CMP2IE CMP1IE — CCP5IE CCP4IE CCP3IE
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 TMRA4IE: TMR4 Overflow Interrupt Flag bit

1 = Interrupt is enabled
0 = Interrupt is disabled
bit 6 EEIE: Data EEDATA/Flash Write Operation Interrupt Flag bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 5 CMP2IE: CMP2 Interrupt Flag bit

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 4 CMPL1IE: CMP1 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled

bit 3 Unimplemented: Read as ‘0’

bit 2 CCP5IE: CCP5 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled

bit 1 CCP4IE: CCP4 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled

bit 0 CCP3IE: CCP3 Interrupt Flag bits

1 = Interrupt is enabled
0 = Interrupt is disabled

DS39977F-page 160 © 2010-2012 Microchip Technology Inc.
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10.6 INTx Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1,
RB2/INT2 and RB3/INT3 pins are edge-triggered. If the
corresponding INTEDGx bit in the INTCON2 register is
set (= 1), the interrupt is triggered by a rising edge. If
that bit is clear, the trigger is on the falling edge.

When a valid edge appears on the RBx/INTx pin, the
corresponding flag bit, INTxIF, is set. This interrupt can
be disabled by clearing the corresponding enable bit,
INTXIE. Before re-enabling the interrupt, the flag bit
(INTxIF) must be cleared in software in the Interrupt
Service Routine.

All external interrupts (INTO, INT1, INT2 and INT3) can
wake up the processor from the power-managed
modes, if bit, INTxIE, was set prior to going into the
power-managed modes. If the Global Interrupt Enable
bit (GIE) is set, the processor will branch to the interrupt
vector following wake-up.

The interrupt priority for INT1, INT2 and INT3 is
determined by the value contained in the Interrupt
Priority  bits, INT1IP  (INTCON3<6>), INT2IP
(INTCON3<7>) and INT3IP (INTCON2<1>).

There is no priority bit associated with INTO; it is always
a high-priority interrupt source.

10.7 TMRO Interrupt

In 8-bit mode (the default), an overflow in the TMRO
register (FFh — 00h) will set flag bit, TMROIF. In 16-bit
mode, an overflow in the TMROH:TMROL register pair
(FFFFh — 0000h) will set TMROIF.

The interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE (INTCON<5>). Interrupt priority for
TimerO is determined by the value contained in the inter-
rupt priority bit, TMROIP (INTCON2<2>). For further
details on the TimerO module, see Section 13.0 “ Timer0
Module”.

10.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>), and
each individual pin can be enabled/disabled by its
corresponding bit in the IOCB register.

Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

REGISTER 10-20: IOCB: INTERRUPT-ON-CHANGE PORTB CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 uU-0 u-0
loce7® locBe™®) loces® | 10cB4W — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-4 I0CB<7:4>: Interrupt-on-Change PORTB Control bits()

1 = Interrupt-on-change is enabled
0 = Interrupt-on-change is disabled

bit 3-0 Unimplemented: Read as ‘0’

Note 1: Interrupt-on-change also requires that the RBIE bit of the INTCON register be set.

DS39977F-page 168 © 2010-2012 Microchip Technology Inc.



PIC18F66K80 FAMILY

131

Timer0 can operate as either a timer or a counter. The
mode is selected with the TOCS bit (TOCON<5>). In
Timer mode (TOCS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 13.3 “Prescaler”). If the
TMRO register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

The Counter mode is selected by setting the TOCS bit
(= 1). In this mode, Timer0O increments either on every
rising edge or falling edge of the TOCKI pin. The
incrementing edge is determined by the Timer0 Source
Edge Select bit, TOSE (TOCON<4>); clearing this bit
selects the rising edge. Restrictions on the external
clock input are discussed below.

Timer0 Operation

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

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

TimerO Reads and Writes in 16-Bit
Mode

TMROH is not the actual high byte of TimerO in 16-bit
mode. It is actually a buffered version of the real high
byte of TimerO, which is not directly readable nor
writable. (See Figure 13-2.) TMROH is updated with the
contents of the high byte of TimerO during a read of
TMROL. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte were valid, due to a rollover between
successive reads of the high and low byte.

13.2

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

FIGURE 13-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/4 0
Sync with Set
1 Internal —> TMROIF

TOCKI Pin Clocks on Overflow

TOSE (2 Tey Delay)

TOCS 8

TOPS<2:0> 8

PSA < > Internal Data Bus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

FIGURE 13-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
? Sync with TMRO Set
1 Internal —>‘ TMROL | High Byte TMROIF
TOCKI Pin Programmable Clocks on Overflow
Prescaler
TOSE (2 Tcy Delay)
Tocs 3 \ \ /— Read TMROL
TOPS<2:0> Z_ M )
PSA 3 Write TMROL
8
TMROH

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

<

> Internal Data Bus

DS39977F-page 206
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18.0 CHARGE TIME
MEASUREMENT UNIT (CTMU)

The Charge Time Measurement Unit (CTMU) is a
flexible analog module that provides accurate differen-
tial time measurement between pulse sources, as well
as asynchronous pulse generation. By working with
other on-chip analog modules, the CTMU can precisely
measure time, capacitance and relative changes in
capacitance or generate output pulses with a specific
time delay. The CTMU is ideal for interfacing with
capacitive-based sensors.

The module includes these key features:

» Up to 11 channels available for capacitive or time

» Control of edge sequence

» Control of response to edges

» Time measurement resolution of 1 nanosecond

« High-precision time measurement

» Time delay of external or internal signal
asynchronous to system clock

» Accurate current source suitable for capacitive
measurement

The CTMU works in conjunction with the A/D Converter
to provide up to 11 channels for time or charge
measurement, depending on the specific device and
the number of A/D channels available. When config-
ured for time delay, the CTMU is connected to one of
the analog comparators. The level-sensitive input edge

measurement input

* Low-cost temperature measurement using on-chip
diode channel

» On-chip precision current source
* Four-edge input trigger sources
« Polarity control for each edge source

sources can be selected from four sources: two
external inputs or the ECCP1/CCP2 Special Event
Triggers.

The CTMU special event can trigger the Analog-to-Digital
Converter module.

Figure 18-1 provides a block diagram of the CTMU.

FIGURE 18-1: CTMU BLOCK DIAGRAM

> CTMUCONH:CTMUCONL
EDGEN CTMUICON
EBS‘ISSEEQLE!: 0> l [TRIM<5:0> TGEN
EDG1POL IRNG<1:0> IDISSEN
! @ Y

CTED1 @—» Edge ' CTMU

Control

! Control — A/D Trigger
CTED2 X > Logic »  Current | Logic
A A Control ¢

ccr2 — Pul
ulse » @
ECCP1 Generator CTPLS
A/D Converter  Comparator 2
Input

Comparator 2 Output
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20.4 PWM (Enhanced Mode)

The Enhanced PWM mode can generate a PWM signal
on up to four different output pins with up to 10 bits of
resolution. It can do this through four different PWM
Output modes:

» Single PWM

» Half-Bridge PWM

* Full-Bridge PWM, Forward mode

* Full-Bridge PWM, Reverse mode

To select an Enhanced PWM mode, the P1M bits of the
CCP1CON register must be set appropriately.

EXAMPLE SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODE

The PWM outputs are multiplexed with I/O pins and are
designated: P1A, P1B, P1C and P1D. The polarity of the
PWM pins is configurable and is selected by setting the
CCP1M bits in the CCP1CON register appropriately.

Table 20-1 provides the pin assignments for each
Enhanced PWM mode.

Figure 20-3 provides an example of a simplified block
diagram of the Enhanced PWM module.

Note: To prevent the generation of an
incomplete waveform when the PWM is
first enabled, the ECCP module waits until
the start of a new PWM period before
generating a PWM signal.

CCP1M<3:0>

S

ECCP1/P1A ECCP1/Output Pin
TRIS
P1B Output Pin
Output TRIS

FIGURE 20-3:
DC1B<1:0> .
Duty Cycle Registers ‘el PIM<1:0>
‘ CCPRIL |
‘CCPR1H (Slave) ‘
‘ Comparator i R Q
‘ TMR2 ‘ (1) |
S
Comparator
Clear Timer2,
A Toggle PWM Pin and

Latch Dut |
PR2 atch Duty Cycle

the 10-bit time base.

Controller

P1C Output Pin
TRIS

P1D Output Pin
TRIS

ECCP1DEL

Note 1: The 8-bit TMR2 register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler, to create

7N

Note 1: The TRIS register value for each PWM output must be configured appropriately.

2:  Any pin not used by an Enhanced PWM mode is available for alternate pin functions.

© 2010-2012 Microchip Technology Inc.
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20.4.2.1 Direction Change in Full-Bridge
Mode

In the Full-Bridge mode, the P1M1 bit in the CCP1CON
register allows users to control the forward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.

A direction change is initiated in software by changing
the P1M1 bit of the CCP1CON register. The following
sequence occurs prior to the end of the current PWM
period:

* The modulated outputs (P1B and P1D) are placed
in their inactive state.

» The associated unmodulated outputs (P1A and
P1C) are switched to drive in the opposite
direction.

* PWM modulation resumes at the beginning of the
next period.

For an illustration of this sequence, see Figure 20-10.

The Full-Bridge mode does not provide a dead-band
delay. As one output is modulated at a time, a
dead-band delay is generally not required. There is a
situation where a dead-band delay is required. This
situation occurs when both of the following conditions
are true:

FIGURE 20-10:

» The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

» The turn-off time of the power switch, including
the power device and driver circuit, is greater than
the turn-on time.

Figure 20-11 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time, t1, the P1A and P1D
outputs become inactive, while the P1C output
becomes active. Since the turn-off time of the power
devices is longer than the turn-on time, a shoot-through
current will flow through power devices, QC and QD
(see Figure 20-8), for the duration of ‘. The same
phenomenon will occur to power devices, QA and QB,
for PWM direction change from reverse to forward.
If changing PWM direction at high duty cycle is required
for an application, two possible solutions for eliminating
the shoot-through current are:
* Reduce PWM duty cycle for one PWM period
before changing directions.
» Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

Signal

<———— Perod) —— » «————  Period —»

P1A (Active-High)

P1B (Active-High)

[ ouree Wit |

P1C (Active-High)

— Pulse Width |
-

P1D (Active-High)

—' - (2

e B )

Pulse Width

(1/Fosc) » TMR2 Prescale Value.

Note 1: The direction bit, P1M1 of the CCP1CON register, is written any time during the PWM cycle.

2:  When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle. The
modulated P1B and P1D signals are inactive at this time. The length of this time is:

© 2010-2012 Microchip Technology Inc.
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1 (RECEPTION, 7-BIT ADDRESS)
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2146 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPMx bits in SSPCON1 and by setting
the SSPEN bit. In Master mode, the SCL and SDA 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
conditions. The Stop (P) and Start (S) bits are cleared
from a Reset or when the MSSP module is disabled.
Control of the 12C bus may be taken when the P bit is
set, or the bus is Idle, with both the S and P bits clear.

In Firmware Controlled Master mode, user code
conducts all 1°C 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 SDA and SCL.

2. Assert a Repeated Start condition on SDA and
SCL.

3. Write to the SSPBUF
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 SDA and SCL.

register initiating

Note: The MSSP module, when configured in
I2C Master mode, does not allow queueing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPBUF register to
initiate transmission before the Start
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

The following events will cause the MSSP Interrupt
Flag bit, SSPIF, to be set (and MSSP interrupt, if
enabled):

« Start condition

» Stop condition

» Data transfer byte transmitted/received

» Acknowledge transmitted

* Repeated Start

FIGURE 21-18: MSSP BLOCK DIAGRAM (I2CTM MASTER MODE)
< Internal SSPM<3:0>
Data Bus SSPADD<6:0>
Read Write 4‘7
| ssPBUF Baud
Rate
Generator
SDA Shift »
|X’ .- . l/\ SDA In Clock 5
= SSPSR 5l
[S]
P L ~| Msb LSb =
Qo (&) 7]
L g L =3
i Start bit, Stop bit, 4G_< = B8
2 Acknowledge 5 Sle
= =10
9 Generate % 2o
scL g 3 ME
> ° i
= o
| e
| ~
1 Start bit Detect
B Stop bit Detect
SCL In Write Collision Detect |—» Set/Reset S, P (SSPSTAT), WCOL (SSPCON1);
Clock Arbitration Set SSPIF, BCLIF;
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCONZ2)
End of XMIT/RCV
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The module is enabled by setting the HLVDEN bit
(HLVDCON<4>). Each time the HLVD module is
enabled, the circuitry requires some time to stabilize.
The IRVST bit (HLVDCON<5>) is a read-only bit used
to indicate when the circuit is stable. The module can
only generate an interrupt after the circuit is stable and
IRVST is set.

The VDIRMAG bit (HLVDCON<7>) 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.

26.1 Operation

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a

trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.

When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

The trip point voltage is software programmable to any one
of 16 values. The trip point is selected by programming the
HLVDL<3:0> bits (HLVDCON<3:0>).

The HLVD module has an additional feature that allows
the user to supply the trip voltage to the module from an
external source. This mode is enabled when bits,
HLVDL<3:0>, are set to ‘1111’. In this state, the
comparator input is multiplexed from the external input
pin, HLVDIN. This gives users the flexibility of configur-
ing the High/Low-Voltage Detect interrupt to occur at
any voltage in the valid operating range.

FIGURE 26-1: HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT)

Externally Generated
Trip Point
VDD

L

]

HLVDIN

j— Internal Voltage
. Reference
BOREN<1:0> 1.024V Typical

: |
S
: HLVDEN——]

_______________ -

|

HLVDL<3:0> HLVDCON |

I Register |

HLVDEN VDIRMAG |

|

|

|

x Set |

2 ‘ HLVDIF |

2 A jD |
©

- |

|

|

|

|

|

|
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REGISTER 27-54: BRGCONS: BAUD RATE CONTROL REGISTER 3

R/W-0 R/W-0 u-0 U-0 u-0 R/W-0 R/W-0 R/W-0
WAKDIS WAKFIL — — — SEG2PH2( | SEG2PH1(M | SEG2PHOW)
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

bit 6

bit 5-3
bit 2-0

Note 1:

WAKDIS: Wake-up Disable bit

1 = Disable CAN bus activity wake-up feature
0 = Enable CAN bus activity wake-up feature

WAKEFIL: Selects CAN bus Line Filter for Wake-up bit

1 = Use CAN bus line filter for wake-up

0 = CAN bus line filter is not used for wake-up
Unimplemented: Read as ‘0’

SEG2PH<2:0>: Phase Segment 2 Time Select bits(?)
111 = Phase Segment 2 time = 8 x TQ

110 = Phase Segment 2 time =7 x TQ

101 = Phase Segment 2 time =6 x TQ

100 = Phase Segment 2 time =5 x TQ

011 = Phase Segment 2 time =4 x TQ

010 = Phase Segment 2 time =3 x TQ

001 = Phase Segment 2 time =2 x TQ

000 = Phase Segment 2 time =1 x TQ

These bits are ignored if SEG2PHTS bit (BRGCON2<7>) is ‘0’.
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28.3.3 OPERATION OF REGULATOR IN
SLEEP

The difference in the two regulators’ operation arises
with Sleep mode. The ultra low-power regulator gives
the device the lowest current in the Regulator Enabled
mode.

The on-chip regulator can go into a lower power mode
when the device goes to Sleep by setting the REGSLP
bit (WDTCON<7>). This puts the regulator in a standby
mode so that the device consumes much less current.

The on-chip regulator can also go into the Ultra Low-
Power mode, which consumes the lowest current
possible with the regulator enabled. This mode is
controlled by the RETEN bit (CONFIG1L<0>) and
SRETEN bit (WDTCON<4>).

The various modes of regulator operation are shown in
Table 28-3.

When the ultra low-power regulator is in Sleep mode,
the internal reference voltages in the chip will be shut
off and any interrupts referring to the internal reference
will not wake up the device. If the BOR or LVD is
enabled, the regulator will keep the internal references
on and the lowest possible current will not be achieved.

When using the ultra low-power regulator in Sleep
mode, the device will take about 250 us to start
executing code after it wakes up.

TABLE 28-3: SLEEP MODE REGULATOR SETTINGS™®

Device Power Mode REGSLP SRETEN RETEN
WDTCON<7> WDTCON<4> CONFIG1L<0>
PIC18FXXK80 Normal Operation (Sleep) 0 X 1
PIC18FXXK80 Low-Power mode (Sleep) 1 X 1
PIC18FXXK80 Normal Operation (Sleep) 0 0 0
PIC18FXXK80 Low-Power mode (Sleep) 1 0 0
PIC18FXXK80 Ultra Low-Power mode (Sleep) X 1 0
PIC18LFXXK80 Reserved® X Don't Care 0
PIC18LFXXK80 Regulator Bypass mode (Sleep)®@ X X 1

Note 1. x — Indicates that VIT status is invalid.

2:  The ultra low-power regulator should be disabled (RETEN = 1, ULP disabled) on PIC18LFXXK80 devices

to obtain the lowest possible Sleep current.

© 2010-2012 Microchip Technology Inc.
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29.0 INSTRUCTION SET SUMMARY

The PIC18F66K80 family of devices incorporates the
standard set of 75 PIC18 core instructions, as well as
an extended set of 8 new instructions for the optimiza-
tion of code that is recursive or that utilizes a software
stack. The extended set is discussed later in this
section.

29.1 Standard Instruction Set

The standard PIC18 MCU instruction set adds many
enhancements to the previous PIC® MCU instruction
sets, while maintaining an easy migration from these
PIC MCU instruction sets. Most instructions are a
single program memory word (16 bits), but there are
four instructions that require two program memory
locations.

Each single-word instruction is a 16-bit word divided
into an opcode, which specifies the instruction type and
one or more operands, which further specify the
operation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

» Byte-oriented operations

» Bit-oriented operations

 Literal operations

» Control operations

The PIC18 instruction set summary in Table 29-2 lists
byte-oriented, bit-oriented, literal and control

operations. Table 29-1 shows the opcode field
descriptions.

Most byte-oriented instructions have three operands:
1. The file register (specified by ‘")

2. The destination of the result (specified by ‘d’)

3. The accessed memory (specified by ‘a’)

The file register designator, f, specifies which file reg-
ister is to be used by the instruction. The destination
designator, ‘d’, specifies where the result of the
operation is to be placed. If ‘d’ is zero, the result is

placed in the WREG register. If ‘d’ is one, the result is
placed in the file register specified in the instruction.

All bit-oriented instructions have three operands:

1. The file register (specified by ')

2. The bit in the file register (specified by ‘b’)

3. The accessed memory (specified by ‘a’)

The bit field designator, ‘b’, selects the number of the bit
affected by the operation, while the file register desig-

nator, ‘f', represents the number of the file in which the
bit is located.

The literal instructions may use some of the following
operands:

* A literal value to be loaded into a file register
(specified by ‘k’)

* The desired FSR register to load the literal value
into (specified by ")

* No operand required
(specified by ‘—)

The control instructions may use some of the following
operands:

» A program memory address (specified by ‘n’)

» The mode of the CALL or RETURN instructions
(specified by ‘s’)

» The mode of the table read and table write
instructions (specified by ‘m’)

* No operand required
(specified by ‘—)

All instructions are a single word, except for four
double-word instructions. These instructions were
made double-word to contain the required information
in 32 bits. In the second word, the 4 MSbs are ‘1’s. If
this second word is executed as an instruction (by
itself), it will execute as a NOP.

All single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
Program Counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.

The double-word instructions execute in two instruction
cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 us. If a conditional test is
true, or the Program Counter is changed as a result of
an instruction, the instruction execution time is 2 ps.
Two-word branch instructions (if true) would take 3 ps.

Figure 29-1 shows the general formats that the instruc-
tions can have. All examples use the convention ‘nnh’
to represent a hexadecimal number.

The Instruction Set Summary, shown in Table 29-2,
lists the standard instructions recognized by the
Microchip MPASM™ Assembler.

Section 29.1.1 “Standard Instruction Set” provides
a description of each instruction.

© 2010-2012 Microchip Technology Inc.
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RETFIE Return from Interrupt RETLW Return Literal to W
Syntax: RETFIE {s} Syntax: RETLW k
Operands: s € [0,1] Operands: 0<k<255
Operation: (TOS) —» PC, Operation: k—>W,
1 — GIE/GIEH or PEIE/GIEL; (TOS) - PC,
ifs=1, PCLATU, PCLATH are unchanged
(WS) > W, Status Affected: None
(STATUSS) —» STATUS, ’
(BSRS) - BSR. Encoding: | 0000 [ 1100 | Kkkk | kkkk |
PCLATU, PCLATH are unchanged Description: W is loaded with the eight-bit literal k.
Status Affected: GIE/GIEH, PEIE/GIEL. The Program Counter is loaded from
Encodina: 1 the top of the stack (the return address).
ncoding: | 0000 | 0000 | o001 | 0oos | The high address latch (PCLATH)
Description: Return from interrupt. Stack is popped remains unchanged.
and Top-of-Stack (TOS) is loaded into Words: 1
the PC. Interrupts are enabled by
setting either the high or low-priority Cycles: 2
Global Interrupt Enable bit. .If ‘s’=1, the Q Cycle Activity:
contents of the shadow registers WS, Q1 Q2 Q3 Q4
STATUSS and BSRS are loaded into Decod Read b POP PC
their corresponding registers W, ecode i ee: G lgcess f K
STATUS and BSR. If ‘s’ = 0, no update itera ata rom StafN’
of these registers occurs (default). write to
Words: 1 No No No No
oras: operation operation operation operation
Cycles: 2
Q Cycle Activity: Example:
Q1 Q2 Q3 Q4
Decode No No POP PC CALL TABLE ; Wcont ains table
operation | operation | from stack of f set h"""' ue
Set GIEH or o unownas
GIEL . ’
No No No No TABLE
operation operation operation operation ADDWE PCL : W= offset
RETLW kO ; Begin table
Example: RETFIE 1 RETLW k1
After Interrupt .
e z s RETLW kn End of table
BSR = BSRS
STATUS = STATUSS :
GIE/GIEH, PEIE/GIEL = 1 Before Instruction
W = 07h
After Instruction
w = value of kn
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FIGURE 31-17: MSSP I°C™ BUS START/STOP BITS TIMING WAVEFORMS

Start Stop
Condition Condition

Note: Refer to Figure 31-3 for load conditions.

TABLE 31-21: MSSP 1°C™ BUS START/STOP BITS REQUIREMENTS

Pa:\:(e)nm. Symbol Characteristic Min Max | Units Conditions
90 Tsu:sTA |Start Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns |Only relevant for
Setup Time 400 kHz mode | 2(Tosc)(BRG +1) | — Repeated Start
1 MHz mode® | 2(Tosc)(BRG +1) | — condition
9 THD:STA |Start Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns |After this period, the
Hold Time 400 kHz mode | 2(Tosc)(BRG +1) | — first clock pulse is
1 MHz mode® | 2(Tosc)(BRG +1) | — generated
92 Tsu:sTO |Stop Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode® | 2(Tosc)(BRG + 1) —
93 THD:STO |Stop Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns
Hold Time 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode® | 2(Tosc)(BRG + 1) —
Note 1: Maximum pin capacitance = 10 pF for all |2cm pins.
FIGURE 31-18: MSSP I2C™ BUS DATA TIMING
103> = . 100, : — 102
- %);_91 <— 106 H<—>- 107 — 92 ~— i
SDA \ / | X | o :/ \
'~ 109 ~ 110
3ut A o

Note: Refer to Figure 31-3 for load conditions.
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FIGURE 31-21: A/D CONVERSION TIMING

BSF ADCONO, GOY . |

gf X o X o XXXz X X o X

ADRES OLD_DATA X NEW_DATA
ADIF —' l: Tey (Note 1)
GO ! DONE
SAMPLE SAMPLING STOPPED |

Note 1: Ifthe A/D clock source is selected as RC, a time of TCy is added before the A/D clock starts. This allows the SLEEP instruction to

— | - (Note 2)

131 l
Q4 ! - - l

! 130 e

be executed.
2: This is a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.

TABLE 31-26: A/D CONVERSION REQUIREMENTS
Pilr:m Symbol Characteristic Min Max Units Conditions
130  |TaD A/D Clock Period 08 | 1250 | us |Tosc based, VREF > 3.0V
1.4 25(1) us |VoD = 3.0V; Tosc based,
VREF full range
— 1 us |A/D RC mode
— 3 us |VDD = 3.0V; A/D RC mode
131 TCNV Conversion Time 14 15 TAD
(not including acquisition time)(z)
132 |Taca  |Acquisition Time®) 14 — us |-40°C to +125°C
135 Tswc Switching Time from Convert - Sample — (Note 4)
TBD |Tois Discharge Time 0.2 — us |[-40°C to +125°C
Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
2: ADRES registers may be read on the following TcY cycle.
3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale
after the conversion (VDD to Vss or Vss to VDD). The source impedance (Rs) on the input channels is 50Q.
4: On the following cycle of the device clock.
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TABLE B-2:

PIC18F8680 FAMILIES

NOTABLE DIFFERENCES BETWEEN 64-PIN DEVICES — PIC18F66K80 AND

Characteristic

PIC18F66K80 Family

PIC18F8680 Family

Max Operating Frequency 64 MHz 40 MHz
Max Program Memory 64K 64K
Data Memory (bytes) 3,648 3,328
CTMU Yes No
SOSC Oscillator Options Low-power oscillator option for SOSC No options
T1CKI Clock T1CKI can be used as a clock without No
enabling the SOSC oscillator
INTOSC Up to 16 MHz No Internal Oscillator
SPI/I2C™ 1 Module 1 Module
Timers Two 8-bit, Three 16-bit Two 8-bit, Three 16-bit
ECCP 1 1
CCP 4 1
Data EEPROM (bytes) 1,024 1,024
WDT Prescale Options 22 16
5V Operation 18FXXK80 parts — 5V operation Yes
18LFXXK80 parts — 3.3V operation
nanoWatt XLP Yes No
On-Chip 3.3V Regulator 18FXXK80 parts — Yes No
18LFXXK80 parts — No
Low-Power BOR Yes No
A/D Converter 12-bit signed differential 10-bit
A/D Channels 15 Channels 12 Channels
Internal Temp Sensor Yes No
EUSART Two One
Comparators Two Two
Oscillator Options 14 Seven
Ultra Low-Power Wake-up (ULPW) Yes No
Adjustable Slew Rate for I/O Yes No

PLL

Available for all oscillator options

Available for only high-speed crystal and
external oscillator

Data Signal Modulator

Yes

No

© 2010-2012 Microchip Technology Inc.
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Error Modes State (diagram) .........coccceeciiniiiiiiinens 453
Error Recognition Mode ...........cccociniiiniiniiciiccee 439
Filter-Mask Truth (table)... ..444
Functional Modes................... ..439

Mode 0 (Legacy Mode).................. ..439
Mode 1 (Enhanced Legacy Mode).................... 439
Mode 2 (Enhanced FIFO Mode) .........cccceeveenee 440
Information Processing Time (IPT)..... ..449

Lengthening a Bit Period.................. ..450
Listen Only Mode.............. ..439
Loopback Mode ...........ccoueiiieiiiniiicie e 439
Message Acceptance Filters and Masks .......... 421, 444
Message Acceptance Mask and Filter Operation .....445
Message Reception ..........cccceecveriiniiiiiiciie e 443

Enhanced FIFO Mode...........cccooeeieninicccnnnne. 444

PrIOTIEY e 443

Time-Stamping......cccccvveevieicieicceeeeee e 444
Normal Mode

Oscillator Tolerance ...........coceeveeeceenieecieeneeseeene
OVEIVIEW ...ttt
Phase Buffer Segments...........cccoooeeivieiineienn.
Programmable TX/RX and Auto-RTR Buffers ....
Programming Time Segments .............ccccocueee.. .
Propagation Segment ...........ccoccoiiiiiiniiiiieee
Sample Point........coccviiiiiii e
Shortening a Bit Period .
Synchronization ...........

Hard ......ccoonnenee

Synchronization Segment.... .
Time QUANTA .....oooiiiiieee s
Values for ICODE (table) ..........cccerueriieiieineiiiies
Effect on Standard PIC18 Instructions............ccccceeveee.n.
Effects of Power-Managed Modes on Various Clock Sources
63
Electrical Characteristics..........ccceviiiiiiiiiiiiieeeeeee 537
Enhanced Capture/Compare/PWM (ECCP) .......ccccceeveenees 265
Capture Mode. See Capture.
Compare Mode. See Compare.
ECCP Mode and Timer Resources...........ccceevueennnee 268
Enhanced PWM Mode .........ccooeiviiiiiiiieeeeicieieeeee 271
Auto-Restart..........ccoooiiiiii e 280

Full-Bridge Mode............cooviiiiiiiiiiciiieece e
Half-Bridge Application ............ccocceiieiieeninanns
Half-Bridge Application Examples.. .
Half-Bridge Mode...........cccooiiniiiiieiieeieeces
Output Relationships (Active-High and Active-Low)
272
Output Relationships Diagram............c.cccccecee.
Programmable Dead-Band Delay .. .
Shoot-Through Current............cccoeeiiiieieeinenne
Start-up Considerations ............cccocveviiiieennenne
Outputs and Configuration ............cccceceeieiiienieennnnn.
Enhanced Capture/Compare/PWM (ECCP) and Timer1/2/3/4
Associated Registers ..........ccoccevviiniiniieiciiieeeees 286
Enhanced Universal Synchronous Asynchronous Receiver
Transmitter (EUSART). See EUSART.
Equations

16 x 16 Signed Multiplication Algorithm.................... 146
16 x 16 Unsigned Multiplication Algorithm................ 146
16MHz Clock from 4x PLL Jitter

A/D Acquisition TIMe ........ccceeiveieiniiiniienie e
A/D Minimum Charging Time........ccccevvveeieiniieieenns

Calculating the Minimum Required Acquisition Time 367
Jitter and Total Frequency Error...

Resultant Frequency Error............ .
EFrata ...
Error Recognition Mode............ccooiiiiiiiiiniieieeee
EUSART

Asynchronous Mode..........ceeeiieeeiiieenniece e

12-Bit Break Transmit and Receive...
Associated Registers, Receive............ccccoceee..
Associated Registers, Transmit..............ccc......
Auto-Wake-up on Sync Break .
RECEIVET ...
Setting up 9-Bit Mode with Address Detect...... 346
Transmitter ........ccooviriiii e 343
Baud Rate Generator
Operation in Power-Managed Mode................. 337
Baud Rate Generator (BRG) ........ccccoceecieriiiincecennn. 337
Associated Registers.........cccccovviiviiiiiciiccieens 338
Auto-Baud Rate Detect............ .. 341
Baud Rate Error, Calculating............. .. 338
Baud Rates, Asynchronous Modes ... .. 339
High Baud Rate Select (BRGH Bit) .................. 337
SaMPliNG....coiiiiiiieiie i 337
Synchronous Master Mode............... .. 351
Associated Registers, Receive............cccccceee.. 354
Associated Registers, Transmit..............c.........
Reception ..o
TransSMISSION .......ueviriieeiiie e
Synchronous Slave Mode .
Associated Registers, Receive............ccccoceee.. 356
Associated Registers, Transmit...........c..cccc...... 355
Reception ..o 356
TranSmMISSION ........cccuiiniiiiieniiese e 355

Extended Instruction Set

SUBULNK ..ot 529
External Oscillator Modes
Clock Input (EC Modes)..........coveevvieieenciieiienseeciene 59
H S e 58
F
Fail-Safe Clock MONitor ..........ccccvevieieniniciciiee 457, 477
Exiting Operation ...........ccccoooviiiiniinne e 477
Interrupts in Power-Managed Modes... .. 478
POR or Wake from Sleep................. .. 478
WDT During Oscillator Failure... LATT
Fail-Safe Clock Monitor (FSCM)..........cccovviiiiiiniinnieene. 457
Fast Register Stack .........cccooiriiiiiiiiiceee
Firmware Instructions .... .
Flash Program Memory ..........cccceceiiiiiieinieieiic e
Associated Registers..........ccccoeciiiiniinniiiieeee, 137
Control REGIStErS ......coiviiiiiiie e 130
EECON1 and EECON2........cccooviiiiiieeciee 130
TABLAT (Table Latch) Register .............c........ 132
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