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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"
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PIC

8-Bit
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25
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4K x 8

1.8V ~ 3.6V

A/D 24x12b; D/A 1x5b
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28-QFN (6x6)

https://www.e-xfl.com/product-detail/microchip-technology/pic18If26k42-e-ml

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic18lf26k42-e-ml-4390226
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

"ou| ABojouyda] diyoosolN £102-9L02 @

Areuiwijaud

ZzZ\ obed-g6161000¥SA

9.4.2 SERVING A HIGH PRIORITY INTERRUPT WHILE A LOW
PRIORITY INTERRUPT PENDING

A high priority interrupt request will always take precedence over any interrupt
of a lower priority. The high priority interrupt is acknowledged first, then the low-
priority interrupt is acknowledged. Upon a return from the high priority ISR (by
executing the RETFIE instruction), the low priority interrupt is serviced, see

Figure 9-3.

If any other high priority interrupts are pending and enabled, then they are
serviced before servicing the pending low priority interrupt. If no other high
priority interrupt requests are active, the low priority interrupt is serviced.

FIGURE 9-3: INTERRUPT EXECUTION: HIGH PRIORITY INTERRUPT WITH A LOW PRIORITY INTERRUPT PENDING
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FIGURE 10-2:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

'Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4 Q1| '

'Q1|Q2|Q3|Q4 a1l a2l a3l a4+ a1l a2l 3] a4+ a1l a2la3| a4

CLKINM Wmm

, _— ! ! .

CLKOUT®)y / \ / \ | Tost®. / \ / \ __ !
Interrupt flag ' ' , /r +__Interrupt Latency® ' ' !
GIE bit ' : : o ' : ' ' '
(INTCON reg.), ! 'Prosclessor n, : : \ : : :

! ! ! eep ! ! ! ' ' !

Instruction Flow! ' : : : : : : :
PC X PC X PC +1 b PC+2 X PC+2 X PC+2 X 0004h X 0005h '
Pesttcrﬁggon 'Inst(PC) = Sleep'  Inst(PC + 1) ' ' Inst(PC+2) ! X Inst(0004h) ' Inst(0005h) !
gfégjuct'g%n : Inst(PC - 1) : Sleep : + Inst(PC + 1) ! Forced NOP : Forced NOP ' Inst(0004h)

Note 1 External clock. High, Medium, Low mode assumed.
2:  CLKOUT is shown here for timing reference.
3:  TosT = 1024 Tosc. This delay does not apply to EC and INTOSC Oscillator modes.
4: GIE = 1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.
10.2.3 LOW-POWER SLEEP MODE 10.2.3.1 Sleep Current vs. Wake-up Time

The PIC18F26/27/45/46/47/55/56/57K42 device family
contains an internal Low Dropout (LDO) voltage
regulator, which allows the device 1/O pins to operate at
voltages up to 5.5V while the internal device logic
operates at a lower voltage. The LDO and its
associated reference circuitry must remain active when
the device is in Sleep mode.

The PIC18F26/27/45/46/47/55/56/57K42 devices allow
the user to optimize the operating current in Sleep,
depending on the application requirements.

Low-Power Sleep mode can be selected by setting the
VREGPM bit of the VREGCON register.

In the default operating mode, the LDO and reference
circuitry remain in the normal configuration while in
Sleep. The device is able to exit Sleep mode quickly
since all circuits remain active. In Low-Power Sleep
mode, when waking-up from Sleep, an extra delay time
is required for these circuits to return to the normal
configuration and stabilize.

The Low-Power Sleep mode is beneficial for
applications that stay in Sleep mode for long periods of
time. The Normal mode is beneficial for applications
that need to wake from Sleep quickly and frequently.

© 2017 Microchip Technology Inc.
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11.7 Register Definitions: Windowed Watchdog Timer Control

REGISTER 11-1: WDTCONO: WATCHDOG TIMER CONTROL REGISTER 0

U-0 u-0 RWE-q/q®  RWE-g/q®  RWE-g/q@  RWE-q/g®  RWE.g/qR 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(")
Bit Value = Prescale Rate
11111 = Reserved. Results in minimum interval (1:32)
10011 = Reserved. Results in minimum interval (1:32)

10010 = 1:8388608 (222) (Interval 2565 nominal)
10001 = 1:4194304 (222) (Interval 128s nominal)
10000 = 1:2097152 (22") (Interval 64s nominal)
01111 = 1:1048576 (22°) (Interval 32s nominal)
01110 = 1:524288 (219) (Interval 16s nominal)
01101 = 1:262144 (2'8) (Interval 8s nominal)
01100 = 1:131072 (2'7) (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.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 182
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REGISTER 14-18: SCANTRIG: SCAN TRIGGER SELECTION REGISTER

uU-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — TSEL<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 7-4 Unimplemented: Read as ‘0’
bit 3-0 TSEL<3:0>: Scanner Data Trigger Input Selection bits

1111 = Reserved

1010 = Reserved

1001 = SMT1 output
1000 = TMR6_postscaled
0111 = TMRS5_output
0110 = TMR4_postscaled
0101 = TMR3_output
0100 = TMR2_postscaled
0011 = TMR1_output
0010 = TMRO_output
0001 = CLKREF_output
0000 = LFINTOSC

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 226
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20.3 Programmable Prescaler

A software programmable prescaler is available for
exclusive use with Timer0. There are 16 prescaler
options for Timer0 ranging in powers of two from 1:1 to
1:32768. The prescaler values are selected using the
CKPS<3:0> bits of the TOCON1 register.

The prescaler is not directly readable or writable.
Clearing the prescaler register can be done by writing
to the TMROL register or to the TOCONO/TOCON1
register or by any Reset.

20.4 Programmable Postscaler

A software programmable postscaler (output divider) is
available for exclusive use with Timer0. There are 16
postscaler options for Timer0 ranging from 1:1 to 1:16.
The postscaler values are selected using the OUTPS
bits of the TOCONO register.

The postscaler is not directly readable or writable.
Clearing the postscaler register can be done by writing
to the TMROL register or to the TOCONO/TOCON1
register or by any Reset.

20.5 Operation During Sleep

When operating synchronously, Timer0 will halt. When
operating asynchronously, TimerQ0 will continue to
increment and wake the device from Sleep (if Timer0
interrupts are enabled) provided that the input clock
source is active.

20.6 TimerO Interrupts

The Timer0 interrupt flag bit (TMROIF) is set when
either of the following conditions occur:

* 8-bit TMROL matches the TMROH value
» 16-bit TMRO rolls over from ‘FFFFh’

When the postscaler bits (OUTPS) are set to 1:1
operation (no division), the TOIF flag bit will be set with
every TMRO match or rollover. In general, the TMROIF
flag bit will be set every OUTPS +1 matches or
rollovers.

If TimerQ interrupts are enabled (TMROIE bit of the
PIE3 register = ‘1), the CPU will be interrupted and the
device may wake from Sleep (see Section
20.2 “Clock Source Selection” for more details).

20.7 Timer0 Output

The Timer0 output can be routed to any 1/O pin via the
RxyPPS output selection register (see Section
17.0 “Peripheral Pin Select (PPS) Module” for
additional information). The TimerO output can also be
used by other peripherals, such as the auto-conversion
trigger of the Analog-to-Digital Converter. Finally, the
Timer0 output can be monitored through software via
the TimerQ output bit (OUT) of the TOCONO register
(Register 20-1).

TMRO_out will be a pulse of one postscaled clock
period when a match occurs between TMROL and PRO
(Period register for TMRO) in 8-bit mode, or when
TMRO rolls over in 16-bit mode. The Timer0 output is a
50% duty cycle that toggles on each TMRO_out rising
clock edge.

© 2017 Microchip Technology Inc.
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22.5 Operation Examples

Unless otherwise specified, the following notes apply to
the following timing diagrams:

- Both the prescaler and postscaler are set to
1:1 (both the CKPS and OUTPS bits in the
T2CON register are cleared).

- The diagrams illustrate any clock except
Fosc/4 and show clock-sync delays of at
least two full cycles for both ON and
T2TMR_ers. When using Fosc/4, the clock-
sync delay is at least one instruction period
for T2ZTMR _ers; ON applies in the next
instruction period.

- ON and T2TMR_ers are somewhat
generalized, and clock-sync delays may
produce results that are slightly different than
illustrated.

- The PWM Duty Cycle and PWM output are
illustrated assuming that the timer is used for
the PWM function of the CCP module as
described in Section 23.0 “Capture/
Compare/PWM Module” and Section
24.0 “Pulse-Width Modulation (PWM)”.
The signals are not a part of the T2TMR
module.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 323
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REGISTER 23-5:

CCPRxH: CCPx REGISTER HIGH BYTE

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
RH<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0 MODE = Capture Mode:

RH<7:0>: MSB of captured TMR1 value

MODE = Compare Mode:

RH<7:0>: MSB compared to TMR1 value

MODE = PWM Mode && FMT = 0:

RH<7:2>: Not used

RH<1:0>: CCPW<9:8> — Pulse-Width MS 2 bits

MODE = PWM Mode && FMT = 1:

RH<7:0>: CCPW<9:2> — Pulse-Width MS 8 bits
TABLE 23-4: SUMMARY OF REGISTERS ASSOCIATED WITH CCPx

Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁgliz‘;

CCPXCON EN — ouT FMT MODE<3:0> 350
CCPXCAP —_ _ _ _ —_ — | CTS<1:0> 352
CCPRxL CCPRx<7:0> 352
CCPRxH CCPRx<15:8> 353
CCPTMRSO0 CATSEL<1:0> C3TSEL<1:0> C2TSEL<1:0> | C1TSEL<1:0> 351
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the CCP module.

© 2017 Microchip Technology Inc.
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In Forward Full-Bridge mode (MODE<2:0>= 010),
CWGKXA is driven to its active state, CWGxB and
CWGXC are driven to their inactive state, and CWGxD
is modulated by the input signal, as shown in
Figure 26-7.

In Reverse Full-Bridge mode (MODE<2:0>=011),
CWGxC is driven to its active state, CWGxA and
CWGxD are driven to their inactive states, and CWGxB
is modulated by the input signal, as shown in
Figure 26-7.

FIGURE 26-7:

In Full-Bridge mode, the dead-band period is used
when there is a switch from forward to reverse or vice-
versa. This dead-band control is described in Section
26.6 “Dead-Band Control”, with additional details in
Section 26.7 “Rising Edge and Reverse Dead
Band” and Section 26.8 “Falling Edge and Forward
Dead Band”. Steering modes are not used with either
of the Full-Bridge modes. The mode selection may be
toggled between forward and reverse toggling the
MODE<0> bit of the CWGxCONO while keeping
MODE<2:1> static, without disabling the CWG module.

EXAMPLE OF FULL-BRIDGE OUTPUT

Forward

Mode Period

CWG1A®

CcwWG1B®@

cwa1c?

Pulse Width

-

CWG1D?

(1

Reverse

Mode Period

A
\4

CWG1A®

Pulse Width

-t -

CWG1B®

cwaGi1c?

CWG1D?

(1

Note 1:  Arising CWG data input creates a rising event on the modulated output.
2:  Output signals shown as active-high; all POLy bits are clear.

© 2017 Microchip Technology Inc.
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REGISTER 26-3: CWGxCLK: CWGx CLOCK INPUT SELECTION REGISTER

uU-0 uU-0 u-0 uU-0 uU-0 u-0 uU-0 R/W-0/0
— _ — — — — — CSs
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 7-1 Unimplemented: Read as ‘0’
bit 0 CS: CWG Clock Source Selection bits
Cs CWG1 CWG2 CWG3
1 HFINTOSC () HFINTOSC () HFINTOSC ()
0 Fosc Fosc Fosc

Note 1: HFINTOSC remains operating during Sleep.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 426
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29.0 ZERO-CROSS DETECTION
(ZCD) MODULE

The ZCD module detects when an A/C signal crosses
through the ground potential. The actual zero-crossing
threshold is the zero-crossing reference voltage,
VCPINV, which is typically 0.75V above ground.

The connection to the signal to be detected is through
a series current-limiting resistor. The module applies a
current source or sink to the ZCD pin to maintain a
constant voltage on the pin, thereby preventing the pin
voltage from forward biasing the ESD protection
diodes. When the applied voltage is greater than the
reference voltage, the module sinks current. When the
applied voltage is less than the reference voltage, the
module sources current. The current source and sink
action keeps the pin voltage constant over the full
range of the applied voltage. The ZCD module is
shown in the simplified block diagram Figure 29-2.

The ZCD module is useful when monitoring an A/C
waveform for, but not limited to, the following purposes:

* A/C period measurement

* Accurate long term time measurement
» Dimmer phase delayed drive

* Low EMI cycle switching

29.1 External Resistor Selection

The ZCD module requires a current-limiting resistor in
series with the external voltage source. The impedance
and rating of this resistor depends on the external
source peak voltage. Select a resistor value that will
drop all of the peak voltage when the current through
the resistor is nominally 300 pLA. Refer to Equation 29-
1 and Figure 29-1. Make sure that the ZCD 1/O pin
internal weak pull-up is disabled so it does not interfere
with the current source and sink.

EQUATION 29-1: EXTERNAL RESISTOR

VPEAK
RSERIES = —
3x10
FIGURE 29-1: EXTERNAL VOLTAGE

VMAXPEAK
VMINPEAK

VCPINV
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FIGURE 32-9: CLOCKING DETAIL-MASTER MODE, CKE = 0, SMP =1
Rev. 10-
000277A
MSTEN =1, CKE=0,SMP =1 911412016
SCK TALITALITALITA LI TALITALITALILTALL
SDO previous bit 0 X bit 7 X bit6 X bit5 X bit4 X bit3 X bit2 X bit1 X bit0 CKP =0
input sample clock T T T T T T T
SCK SATTIATTLATT ATTATT ATTLATT AL
SDO previous bit 0Y bit 7 X bit6 X bit5 X bit4 X bit3 X bit2 X bit1 Xbit0 CKP =1
input sample clock T T T T T T T
TXFIFO determined ? Open RXFIFO latch f RXFIFO Occupancy increments,
TXFIFO Occupancy decrements,
SPIXRIF and SPIXTIF interrupts
trigger
FIGURE 32-10: CLOCKING DETAIL-MASTER MODE, CKE = 1, SMP =0
Rev. 10-
000278A
9/14/2016
MSTEN =1, CKE=1,SMP =0
SCK | | | | | | | | ﬁﬁq
SDO X bit 7X bit 6 X bit5 X bit4 X bit3 X bit2 X bit 1 X biti0 CKP =0
input le clock tx_buf
input sample clocl Twrite T T T T T T T T
SCK FATT{ATT AT ATTATIT[ATT[ATT|A
SDO X bit 7 X bit6 X bit5 X bit4 X bit3 X bit2 X bit 1 X bit0 CKP=1
input le clock tx_buf
input sample clocl Twrite T T T T T T T T

TXFIFO to SDO f

Open RXFIFO latch f

RXFIFO Occupancy increments,

TXFIFO Occupancy decrements,
SPIXRIF and SPIXTIF interrupts
trigger

32.5.6.3  SCK Start-Up Delay

When starting an SPI data exchange, the master
device sets the SS output (either through hardware or
software) and then triggers the module to send data.
These data triggers are synchronized to the clock
selected by the SPIXCLK register before the first SCK
pulse appears, usually requiring one or two clocks of
the selected clock.

The SPI module includes synchronization delays on
SCK generation specifically designed to ensure that
the Slave Select output timing is correct, without
requiring precision software timing loops.

When the value of the SPIXBAUD register is a small
number (indicating higher SCK frequencies), the
synchronization delay can be relatively long between
setting SS and the first SCK. With larger values of

SPIXBAUD (indicating lower SCK frequencies), this
delay is much smaller and the first SCK can appear
relatively quickly after SS is set.

By default, the SPI module inserts a %2 baud delay (half
of the period of the clock selected by the SPIXCLK
register) before the first SCK pulse. This allows for
systems with a high SPIXBAUD value to have extra set-
up time before the first clock. Setting the FST bit in
SPIXCON1 removes this additional delay, allowing
systems with low SPIXBAUD values (and thus, long
synchronization delays) to forego this unnecessary
extra delay.

© 2017 Microchip Technology Inc.
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34.0 FIXED VOLTAGE REFERENCE
(FVR)

The Fixed Voltage Reference, or FVR, is a stable
voltage reference, independent of VDD, with 1.024V,
2.048V or 4.096V selectable output levels. The output
of the FVR can be configured to supply a reference
voltage to the following:

« ADC input channel

» ADC positive reference

» Comparator input

« Digital-to-Analog Converter (DAC)

The FVR can be enabled by setting the EN bit of the
FVRCON register.

Note: Fixed Voltage Reference output cannot
exceed VDD.

34.1 Independent Gain Amplifiers

The output of the FVR, which is connected to the ADC,
Comparators, and DAC, is routed through two
independent programmable gain amplifiers. Each
amplifier can be programmed for a gain of 1x, 2x or 4x,
to produce the three possible voltage levels.

The ADFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module.
Reference Section 36.0 “Analog-to-Digital
Converter with Computation (ADC2) Module” for
additional information.

The CDAFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the DAC and comparator
module. Reference Section 37.0 “5-Bit Digital-to-
Analog Converter (DAC) Module” and Section
38.0 “Comparator Module” for additional information.

34.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled, it
requires time for the reference and amplifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the RDY bit of the FVRCON register will be set.

FIGURE 34-1: VOLTAGE REFERENCE BLOCK DIAGRAM
. 2

ADFVR<1:0>
x FVR Buffer 1
ax (To ADC Module)

CDAFVR<1:0> —2
1x FVR Buffer 2
2x (To ADC, Comparator
4x and DAC Modules)

requiring Fixed
Reference |

EN +
RDY
Any peripheral —
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36.6 Computation Operation

The ADC module hardware is equipped with post
conversion computation features. These features
provide data post-processing functions that can be
operated on the ADC conversion result, including
digital filtering/averaging and threshold comparison
functions.

FIGURE 36-10: COMPUTATIONAL FEATURES SIMPLIFIED BLOCK DIAGRAM

Rev. 10-0002608
81412015

ADCALC<2:0>

ADMD<2:0>
ADRES
ADFILT
Error Threshold Intgﬁt t
Average/ Calculation ADERR Logic Flagp
Filter ADPREV
ADSTPT ’_1 \—‘
F \ ADUTHR \ \ ADLTHR \

ADPSIS

The operation of the ADC computational features is
controlled by ADMD <2:0> bits in the ADCON2 register.

The module can be operated in one of five modes:

« Basic: In this mode, ADC conversion occurs on single
(ADDSEN = 0) or double (ADDSEN =1) samples.
ADIF is set after all the conversion are complete.

» Accumulate: With each trigger, the ADC conversion
result is added to accumulator and CNT increments.
ADIF is set after each conversion. ADTIF is set
according to the calculation mode.

» Average: With each trigger, the ADC conversion
result is added to the accumulator. When the RPT
number of samples have been accumulated, a
threshold test is performed. Upon the next trigger, the
accumulator is cleared. For the subsequent tests,
additional RPT samples are required to be
accumulated.

» Burst Average: At the trigger, the accumulator is
cleared. The ADC conversion results are then collected
repetitively until RPT samples are accumulated and
finally the threshold is tested.

* Low-Pass Filter (LPF): With each trigger, the ADC
conversion result is sent through a filter. When RPT
samples have occurred, a threshold test is performed.
Every trigger after that the ADC conversion result is
sent through the filter and another threshold test is
performed.

The five modes are summarized in Table 36-2 below.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 613
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38.7 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.
Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage
Reference Specifications in Table 44-17 and Table 44-
19 for more details.

38.8 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 38-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

The maximum source impedance for analog sources is
mentioned in Parameter ADO8 in Table 44-15. Also, any
external component connected to an analog input pin,
such as a capacitor or a Zener diode, should have very
little leakage current to minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0”. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

FIGURE 38-3: ANALOG INPUT MODEL
VDD
| | Analog VT = 0.6V
RS Input pin RIC
| | ' NN\ » To Comparator
| | ILeakace ™
(Vo) Crin = VT = 0.6V
| | 5o
S L vss
Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
\a) = Threshold Voltage
Note 1: See Section 44.0 “Electrical Specifications”.
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39.6 Operation During Sleep

When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.

39.7 Operation During Idle and Doze
Modes

In both Idle and Doze modes, the module is active and
events are generated if peripheral is enabled.
39.8 Operation During Freeze

When in Freeze mode, no new event or interrupt can
be generated. The state of the LRDY bit is frozen.

Register reads and writes through the CPU interface
are allowed.

39.9 Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off.
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TABLE 42-1: REGISTER FILE SUMMARY FOR PIC18(L)F26/27/45/46/47/55/56/57K42 DEVICES
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 '::g;:;e;
3BC8h - — Unimplemented
3AEBh
3AEAh | U2CTSPPS — — — U2CTSPPS 277
3AE8h | U2RXPPS — — — U2RXPPS 277
3AE7h | U1CTSPPS — — — U1CTSPPS 277
3AE5h | UIRXPPS — — — U1RXPPS 277
3AE4h | I2C2SDAPPS — — — [2C2SDAPPS 277
3AE3h | I2C2SCLPPS — — — I12C2SCLPPS 277
3AE2h | I2C1SDAPPS — — — I2C1SDAPPS 277
3AE1h | I2C1SCLPPS — — — I2C1SCLPPS 277
3AEOh | SPI1SSPPS — — — SPI1SSPPS 277
3ADFh | SPI1SDIPPS — — — SPI1SDIPPS 277
3ADEh | SPI1SCKPPS — — — SPI1SCKPPS 277
3ADDh | ADACTPPS — — — ADACTPPS 277
3ADCh | CLCIN3PPS — — — CLCIN3PPS 277
3ADBh | CLCIN2PPS — — — CLCIN2PPS 277
3ADAh | CLCIN1PPS — — — CLCIN1PPS 277
3ADYh | CLCINOPPS — — — CLCINOPPS 277
3AD8h | MD1SRCPPS — — — MD1SRCPPS 277
3AD7h | MD1CARHPPS — — — MD1CARHPPS 277
3AD6h | MD1CARLPPS — — — MD1CARLPPS 277
3AD5h | CWG3INPPS — — — CWG3INPPS 277
3AD4h | CWG2INPPS — — — CWG2INPPS 277
3AD3h | CWG1INPPS — — — CWG1INPPS 277
3AD2h | SMT1SIGPPS — — — SMT1SIGPPS 277
3AD1h | SMT1WINPPS — — — SMT1WINPPS 277
3ADOh | CCP4PPS — — — CCP4PPS 277
3ACFh | CCP3PPS — — — CCP3PPS 277
3ACEh | CCP2PPS — — — CCP2PPS 277
3ACDh | CCP1PPS — — — CCP1PPS 277
3ACCh | T6INPPS — — — T6INPPS 277
3ACBh | T4INPPS — — — T4INPPS 277
3ACAh | T2INPPS — — — T2INPPS 277
3ACOh | T5GPPS — — — T5GPPS 277
3AC8h | T5CLKIPPS — — — T5CLKIPPS 277
3AC7h | T3GPPS — — — T3GPPS 277
3AC6h | T3CLKIPPS — — — T3CLKIPPS 277
3AC5h | TIGPPS — — — T1GPPS 277
3AC4h | TICLKIPPS — — — T1CLKIPPS 277
3AC3h | TOCLKIPPS — — — TOCLKIPPS 277
3AC2h | INT2PPS — — — INT2PPS 277
3AC1h | INT1PPS — — — INT1PPS 277
3ACOh | INTOPPS — — — INTOPPS 277
3ABFh | PPSLOCK — — — — — — — PPSLOCKED 283
3ABEh — Reserved, maintain as ‘0’
3ABDh - — Unimplemented
3A9Ah
3A99h — Reserved, maintain as ‘0’
Legend: x = unknown, u = unchanged, — = unimplemented, q = value depends on condition
Note Unimplemented in LF devices.

1:
2:  Unimplemented in PIC18(L)F26/27K42.
3:  Unimplemented on PIC18(L)F26/27/45/46/47K42 devices.
4:  Unimplemented in PIC18(L)F45/55K42.
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TABLE 44-5: POWER-DOWN CURRENT (Ipp)(*2)

PIC18LF27/47/57K42 Standard Operating Conditions (unless otherwise stated)
Standard Operating Conditions (unless otherwise stated)
PIC18F27/47/57K42 VREGPM = 1
Conditions
Pa";'am. Symbol Device Characteristics Min. | Typ.t +M8:§C +:n;5)f,'c Units
©- VDD Note

D200 |IPD IPD Base — | o007 2 105 | pA | 3.0V < \

D200 | IPD IPD Base — | o4 4 122 | pA | 30v \ \

D200A — | 20 | 38 42 | pA | 30v [VREGPM=0

D201 IPD_wWDT Low-Frequency Internal Oscillator/ — 0.9 3.2 11.2 HA 3.0V

WDT
D201 IPD_wDT Low-Frequency Internal Oscillator/ — 1.1 3.2 13 HA 3.0
WDT

D202 |IPp_sosc | Secondary Oscillator (SOSC) — o075 | s 14 pA | 3y WP mede

D202 IPD_sosc | Secondary Oscillator (Sosc) — 1.0 7 15 HA 3.0V "\LP }\Qde

D203 [IPo_FvR  |FVR — | 45 | 74 | 75 3.0V | FVRCON = 0x81 or 0x84

D203 |IPD_FVR |FVR = 40 70 76 pA_| WQRCON = 0x81 or 0x84

D204 |IPp_BOR | Brown-out Reset (BOR) — | 94 | 14 | 18 [\uA\| Boyd

D204 |IPD_BOR |Brown-out Reset (BOR) — | 94 | 15 18 M T p0v

D205 |IPD_LPBOR | Low-Power Brown-out Reset (LPBOR) | — | 0.2 3 | opA\| Rov

D206 IPD_HLVD | High/Low Voltage Detect (HLVD) — 9.5 14.8 \Q HA \/Z(OV

D206 |IPD_HLVD | High/Low Voltage Detect (HLVD) — | 97 |Asz Tt | 30v

D207 |IPD_ADCA | ADC - Converting — | o1 | 2 Raos—u | 30v

D207 |IPD_ADCA | ADC - Converting — | o4 4 2| pA | 3.0v |ADC not converting @

D208 |IPD_cMP | Comparator — L o33N 4 | 50| pa [ 30v

D208 |[lpo_cvp | Comparator -1 30 | 49 N5 | pa [ 30v

1 Datain “Typ.” column is at 3.0V, 25°C unless otherwisest: . se pa\ran(eters are for design guidance only and are not
tested.

Note 1: The peripheral current is the sum of the baseADD and rent consumed when this peripheral is enabled. The
peripheral A current can be determined by su i e base InD or IPD current from this limit. Max. values should be used
when calculating total current consumptisq.

2:  The power-down current in Sleep mod nd or_the oscillator type. Power-down current is measured with the part
in Sleep mode with all I/O pins in high-impe

3:  All peripheral currents listed are on a per-peripherakbasis if more than one instance of a peripheral is available.

4: ADC clock source is FRC.

<
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TABLE 44-15: ANALOG-TO-DIGITAL CONVERTER (ADC) ACCURACY SPECIFICATIONS(!-2):;

Operating Conditions (unless otherwise stated)
VDD = 3.0V, Ta = 25°C, TAD = 1us

P;r::m Sym. Characteristic Min. Typt | Max. |Units Conditions
ADO1 [NR Resolution — — 12 bit A
AD02 |EL |[integral Error — | 01 | +20 [ LSb |ADCReF+ = 3.0V, ADCReF-£ O
ADO3 |EpL Differential Error — +0.1 +1.0 | LSb |ADCREF+ = 3.0V, ADCREF-=\Q\>\
AD04 |Eoff |Offset Error — | 05 | 6.0 [LSb |ADCReF+=3.0V, ABCREE-= OV \
AD05 |EGN Gain Error — 0.2 6.0 | LSb |ADCREF+ = 3.0V, ADCREF-= 0V \
ADO06 |VADREF |ADC Reference Voltage 1.8 — VDD \Y
(ADREF+ - ADREF-) m
ADO7 |[VAIN Full-Scale Range ADREF- — |ADREF+| V &
ADO08 |[ZAIN Recommended Impedance of — 1
Analog Voltage Source
AD09 [RvVREF |ADC Voltage Reference Ladder — 50
Impedance
*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters a
tested.
Note 1: Total Absolute Error is the sum of the offset, gain and integral non-linea
2: The ADC conversion result never decreases with an increase in the
3: This is the impedance seen by the VREF pads when the external reference pads are
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TABLE 44-16: ANALOG-TO-DIGITAL CONVERTER (ADC) CONVERSION TIMING SPECIFICATIONS

Standard Operating Conditions (unless otherwise stated)

P;r:m Sym. Characteristic Min. Typt Max. | Units Conditions
Using Fosc as the ADC clock
AD20 ) L o 9 S lsource ADCS = 1
TaD |ADC Clock Period Using Erc as the ADC "
. . sing FRC as the C
AD21 2 S | source ADCS = 0 (}i
- 14 TAD + 2 Tov . __|Using Fosc as the ADC\clgck
L () source ADCS
AD22 |Tcnv |Conversion Time! -
Using FRC as the ADC cloc
— 16 TAD + 2 TeY — —
source ADCS =8
. 2TaD + 1 Toy . __ |Using FFosg as¥he|ADC clock
S le and Hold C: it sougce ADCS” 1
ample and Hold Capacitor -
AD24 | THED | e connect Time Using RRC ¥ e ck
— 3TaD +2 Tey — — |source ABCS >

*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are Wign guidamce only and are not
tested.
Note 1: Does not apply for the ADCRC oscillator.

FIGURE 44-10: ADC CONVERSION TIMING (ADC CLOCK Foss:BASED

BSF ADCONO, GOX | |
— 1 Toy (e—
| |
> |
| | |
% 1= 1 Toy re—
ADZ0 le— ! ! |
| |
| | |
ADC_clk : |
T T
| | | |
ADRES : | OLDBATAN \ |  NEwDATA
T T P/ } T
| | | |
ADIF | | && |
T T 7 J T
| )I’\ c !
GO BB | DoNE
|
AN
Sample /L\ Sampling Stopped gi |
/ J J
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40-Lead Ultra Thin Plastic Quad Flat, No Lead Package (MV) — 5x5x0.5 mm Body [UQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
Units MILLIMETERS

Dimension Limits|  MIN [ NOM | MAX
Number of Pins N 40
Pitch e 0.40 BSC
Overall Height A 0.45 0.50 0.55
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.127 REF
Overall Width E 5.00 BSC
Exposed Pad Width E2 360 | 370 [ 380
Overall Length D 5.00 BSC
Exposed Pad Length D2 3.60 3.70 3.80
Contact Width b 0.15 0.20 0.25
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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