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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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FIGURE 3: 20-PIN DIAGRAM FOR PIC16(L)F1828 

FIGURE 4: 20-PIN DIAGRAM FOR PIC16(L)F1828
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PIC16(L)F1824/8
3.2.1.1 STATUS Register

The STATUS register, shown in Register 3-1, contains:

• the arithmetic status of the ALU

• the Reset status

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as ‘000u u1uu’ (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not
affecting any Status bits (Refer to Section 29.0
“Instruction Set Summary”). 

             

Note 1: The C and DC bits operate as Borrow
and Digit Borrow out bits, respectively, in
subtraction.

REGISTER 3-1: STATUS: STATUS REGISTER

U-0 U-0 U-0 R-1/q R-1/q R/W-0/u R/W-0/u R/W-0/u

— — — TO PD Z DC(1) C(1)

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7-5 Unimplemented: Read as ‘0’

bit 4 TO: Time-out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred

bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Digit Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)(1)

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)(1)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the 
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order 
bit of the source register.
DS40001419F-page 22  2010-2015 Microchip Technology Inc.
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TA
BANK 14 BANK 15

40 0h INDF0 780h INDF0

40 1h INDF1 781h INDF1
40 2h PCL 782h PCL
40 3h STATUS 783h STATUS
40 4h FSR0L 784h FSR0L
40 5h FSR0H 785h FSR0H
40 6h FSR1L 786h FSR1L
40 7h FSR1H 787h FSR1H
40 8h BSR 788h BSR
40 9h WREG 789h WREG
40 Ah PCLATH 78Ah PCLATH
40 Bh INTCON 78Bh INTCON
40 Ch — 78Ch —
40 Dh — 78Dh —
40 Eh — 78Eh —
40 Fh — 78Fh —
41 0h — 790h —
41 1h — 791h —
41 2h — 792h —
41 3h — 793h —
41 4h — 794h —
41 5h — 795h —
41 6h — 796h —
41 7h — 797h —
41 8h — 798h —
41 9h — 799h —
41 Ah — 79Ah —
41 Bh — 79Bh —
41 Ch — 79Ch —
41 Dh — 79Dh —
41 Eh — 79Eh —
41 Fh — 79Fh —
42 0h

Unimplemented
Read as ‘0’

7A0h

Unimplemented
Read as ‘0’

46 Fh 7EFh
47 0h

Accesses
70h – 7Fh

7F0h

Accesses
70h – 7Fh

47 Fh 7FFh

Le
BLE 3-5: PIC16F1824/PIC16F1828 MEMORY MAP, BANKS 8-15
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13

0h INDF0 480h INDF0 500h INDF0 580h INDF0 600h INDF0 680h INDF0 70

1h INDF1 481h INDF1 501h INDF1 581h INDF1 601h INDF1 681h INDF1 70
2h PCL 482h PCL 502h PCL 582h PCL 602h PCL 682h PCL 70
3h STATUS 483h STATUS 503h STATUS 583h STATUS 603h STATUS 683h STATUS 70
4h FSR0L 484h FSR0L 504h FSR0L 584h FSR0L 604h FSR0L 684h FSR0L 70
5h FSR0H 485h FSR0H 505h FSR0H 585h FSR0H 605h FSR0H 685h FSR0H 70
6h FSR1L 486h FSR1L 506h FSR1L 586h FSR1L 606h FSR1L 686h FSR1L 70
7h FSR1H 487h FSR1H 507h FSR1H 587h FSR1H 607h FSR1H 687h FSR1H 70
8h BSR 488h BSR 508h BSR 588h BSR 608h BSR 688h BSR 70
9h WREG 489h WREG 509h WREG 589h WREG 609h WREG 689h WREG 70
Ah PCLATH 48Ah PCLATH 50Ah PCLATH 58Ah PCLATH 60Ah PCLATH 68Ah PCLATH 70
Bh INTCON 48Bh INTCON 50Bh INTCON 58Bh INTCON 60Bh INTCON 68Bh INTCON 70
Ch — 48Ch — 50Ch — 58Ch — 60Ch — 68Ch — 70
Dh — 48Dh — 50Dh — 58Dh — 60Dh — 68Dh — 70
Eh — 48Eh — 50Eh — 58Eh — 60Eh — 68Eh — 70
Fh — 48Fh — 50Fh — 58Fh — 60Fh — 68Fh — 70
0h — 490h — 510h — 590h — 610h — 690h — 71
1h — 491h — 511h — 591h — 611h — 691h — 71
2h — 492h — 512h — 592h — 612h — 692h — 71
3h — 493h — 513h — 593h — 613h — 693h — 71
4h — 494h — 514h — 594h — 614h — 694h — 71
5h TMR4 495h — 515h — 595h — 615h — 695h — 71
6h PR4 496h — 516h — 596h — 616h — 696h — 71
7h T4CON 497h — 517h — 597h — 617h — 697h — 71
8h — 498h — 518h — 598h — 618h — 698h — 71
9h — 499h — 519h — 599h — 619h — 699h — 71
Ah — 49Ah — 51Ah — 59Ah — 61Ah — 69Ah — 71
Bh — 49Bh — 51Bh — 59Bh — 61Bh — 69Bh — 71
Ch TMR6 49Ch — 51Ch — 59Ch — 61Ch — 69Ch — 71
Dh PR6 49Dh — 51Dh — 59Dh — 61Dh — 69Dh — 71
Eh T6CON 49Eh — 51Eh — 59Eh — 61Eh — 69Eh — 71
Fh — 49Fh — 51Fh — 59Fh — 61Fh — 69Fh — 71
0h

Unimplemented
Read as ‘0’

4A0h

Unimplemented
Read as ‘0’

520h

Unimplemented
Read as ‘0’

5A0h

Unimplemented
Read as ‘0’

620h

Unimplemented
Read as ‘0’

6A0h

Unimplemented
Read as ‘0’

72

Fh 4EFh 56Fh 5EFh 66Fh 6EFh 76
0h

Accesses
70h – 7Fh

4F0h

Accesses
70h – 7Fh

570h

Accesses
70h – 7Fh

5F0h

Accesses
70h – 7Fh

670h

Accesses
70h – 7Fh

6F0h

Accesses
70h – 7Fh

77

Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77

gend: = Unimplemented data memory locations, read as ‘0’.
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   Bank 8

400h(1) INDF0 Addressing this location uses contents of FSR0H/FSR0L to address data memory
(not a physical register)

xxxx xxxx xxxx 

401h(1) INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory
(not a physical register)

xxxx xxxx xxxx 

402h(1) PCL Program Counter (PC) Least Significant Byte 0000 0000 0000 

403h(1) STATUS — — — TO PD Z DC C ---1 1000 ---q 

404h(1) FSR0L Indirect Data Memory Address 0 Low Pointer 0000 0000 uuuu 

405h(1) FSR0H Indirect Data Memory Address 0 High Pointer 0000 0000 0000 

406h(1) FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 uuuu 

407h(1) FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 0000 

408h(1) BSR — — — BSR<4:0> ---0 0000 ---0 

409h(1) WREG Working Register 0000 0000 uuuu 

40Ah(1) PCLATH — Write Buffer for the upper 7 bits of the Program Counter -000 0000 -000 

40Bh(1) INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 0000 000x 0000 

40Ch — Unimplemented — —

40Dh — Unimplemented — —

40Eh — Unimplemented — —

40Fh — Unimplemented — —

410h — Unimplemented — —

411h — Unimplemented — —

412h — Unimplemented — —

413h — Unimplemented — —

414h — Unimplemented — —

415h TMR4 Timer4 Module Register 0000 0000 0000 

416h PR4 Timer4 Period Register 1111 1111 1111 

417h T4CON — T4OUTPS<3:0> TMR4ON T4CKPS<1:0> -000 0000 -000 

418h — Unimplemented — —

419h — Unimplemented — —

41Ah — Unimplemented — —

41Bh — Unimplemented — —

41Ch TMR6 Timer6 Module Register 0000 0000 0000 

41Dh PR6 Timer6 Period Register 1111 1111 1111 

41Eh T6CON — T6OUTPS<3:0> TMR6ON T6CKPS<1:0> -000 0000 -000 

41Fh — Unimplemented — —

TABLE 3-9: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

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

POR, BOR

Value o
oth

Res

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: These registers can be addressed from any bank.
2: PIC16(L)F1828 only.
3: PIC16(L)F1824 only.
4:   Unimplemented, read as ‘1’.
 2010-2015 Microchip Technology Inc. DS40001419F-page 37
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   Banks 9-30

x00h/
x80h(1)

INDF0 Addressing this location uses contents of FSR0H/FSR0L to address data memory
(not a physical register)

xxxx xxxx xxxx 

x00h/
x81h(1)

INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory
(not a physical register)

xxxx xxxx xxxx 

x02h/
x82h(1)

PCL Program Counter (PC) Least Significant Byte 0000 0000 0000 

x03h/
x83h(1)

STATUS — — — TO PD Z DC C ---1 1000 ---q 

x04h/
x84h(1)

FSR0L Indirect Data Memory Address 0 Low Pointer 0000 0000 uuuu 

x05h/
x85h(1)

FSR0H Indirect Data Memory Address 0 High Pointer 0000 0000 0000 

x06h/
x86h(1)

FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 uuuu 

x07h/
x87h(1)

FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 0000 

x08h/
x88h(1)

BSR — — — BSR<4:0> ---0 0000 ---0 

x09h/
x89h(1)

WREG Working Register 0000 0000 uuuu 

x0Ah/
x8Ah(1)

PCLATH — Write Buffer for the upper 7 bits of the Program Counter -000 0000 -000 

x0Bh/
x8Bh(1)

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 0000 000x 0000 

x0Ch/
x8Ch
   —
x1Fh/
x9Fh

— Unimplemented — —

TABLE 3-9: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

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

POR, BOR

Value o
oth

Res

Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved. 
Shaded locations are unimplemented, read as ‘0’.

Note 1: These registers can be addressed from any bank.
2: PIC16(L)F1828 only.
3: PIC16(L)F1824 only.
4:   Unimplemented, read as ‘1’.
DS40001419F-page 38  2010-2015 Microchip Technology Inc.
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5.2.1.4 4xPLL

The oscillator module contains a 4xPLL that can be
used with both external and internal clock sources to
provide a system clock source. The input frequency for
the 4xPLL must fall within specifications. See the PLL
Clock Timing Specifications in Section 30.0
“Electrical Specifications”.

The 4xPLL may be enabled for use by one of two
methods:

1. Program the PLLEN bit in Configuration Word 2
to a ‘1’.

2. Write the SPLLEN bit in the OSCCON register to
a ‘1’. If the PLLEN bit in Configuration Word 2 is
programmed to a ‘1’, then the value of SPLLEN
is ignored.

5.2.1.5 TIMER1 Oscillator

The Timer1 Oscillator is a separate crystal oscillator
that is associated with the Timer1 peripheral. It is opti-
mized for timekeeping operations with a 32.768 kHz
crystal connected between the T1OSO and T1OSI
device pins.

The Timer1 Oscillator can be used as an alternate
system clock source and can be selected during
run-time using clock switching. Refer to Section 5.3
“Clock Switching” for more information.

FIGURE 5-5: QUARTZ CRYSTAL 
OPERATION (TIMER1 
OSCILLATOR)

C1

C2

32.768 kHz

T1OSI

To Internal 
Logic

PIC® MCU

Crystal

T1OSO

Quartz

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3: For oscillator design assistance, reference
the following Microchip Applications Notes:

• AN826, “Crystal Oscillator Basics and 
Crystal Selection for rfPIC® and PIC® 
Devices” (DS00826)

• AN849, “Basic PIC® Oscillator Design” 
(DS00849)

• AN943, “Practical PIC® Oscillator 
Analysis and Design” (DS00943)

• AN949, “Making Your Oscillator Work” 
(DS00949)

• TB097, “Interfacing a Micro Crystal 
MS1V-T1K 32.768 kHz Tuning Fork 
Crystal to a PIC16F690/SS” (DS91097)

• AN1288, “Design Practices for 
Low-Power External Oscillators” 
(DS01288)
 2010-2015 Microchip Technology Inc. DS40001419F-page 57
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5.2.2.5 Internal Oscillator Frequency 
Selection

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select bits
IRCF<3:0> of the OSCCON register.

The outputs of the 16 MHz HFINTOSC postscaler and
the LFINTOSC connect to a multiplexer (see
Figure 5-1). The Internal Oscillator Frequency Select
bits IRCF<3:0> of the OSCCON register select the
frequency output of the internal oscillators. One of the
following frequencies can be selected via software:

• 32 MHz (requires 4xPLL)

• 16 MHz

• 8 MHz

• 4 MHz

• 2 MHz

• 1 MHz

• 500 kHz (Default after Reset)

• 250 kHz

• 125 kHz

• 62.5 kHz

• 31.25 kHz

• 31 kHz (LFINTOSC)

The IRCF<3:0> bits of the OSCCON register allow
duplicate selections for some frequencies. These
duplicate choices can offer system design trade-offs.
Lower power consumption can be obtained when
changing oscillator sources for a given frequency.
Faster transition times can be obtained between
frequency changes that use the same oscillator source.

5.2.2.6 32 MHz Internal Oscillator 
Frequency Selection

The Internal Oscillator Block can be used with the
4xPLL associated with the External Oscillator Block to
produce a 32 MHz internal system clock source. The
following settings are required to use the 32 MHz
internal clock source:

• The FOSC bits in Configuration Word 1 must be 
set to use the INTOSC source as the device 
system clock (FOSC<2:0> = 100).

• The SCS bits in the OSCCON register must be 
cleared to use the clock determined by 
FOSC<2:0> in Configuration Word 1 
(SCS<1:0> = 00).

• The IRCF bits in the OSCCON register must be 
set to the 8 MHz HFINTOSC set to use   
(IRCF<3:0> = 1110).

• The SPLLEN bit in the OSCCON register must be 
set to enable the 4xPLL, or the PLLEN bit of the 
Configuration Word 2 must be programmed to a 
‘1’.

The 4xPLL is not available for use with the internal
oscillator when the SCS bits of the OSCCON register
are set to ‘1x’. The SCS bits must be set to ‘00’ to use
the 4xPLL with the internal oscillator.

Note: Following any Reset, the IRCF<3:0> bits
of the OSCCON register are set to ‘0111’
and the frequency selection is set to
500 kHz. The user can modify the IRCF
bits to select a different frequency.

Note: When using the PLLEN bit of the
Configuration Word 2, the 4xPLL cannot
be disabled by software and the 8 MHz
HFINTOSC option will no longer be
available.
DS40001419F-page 60  2010-2015 Microchip Technology Inc.
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8.3 Interrupts During Sleep

Some interrupts can be used to wake from Sleep. To
wake from Sleep, the peripheral must be able to
operate without the system clock. The interrupt source
must have the appropriate Interrupt Enable bit(s) set
prior to entering Sleep.

On waking from Sleep, if the GIE bit is also set, the
processor will branch to the interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP instruction will always be executed before
branching to the ISR. Refer to the Section 9.0 “Power-
Down Mode (Sleep)” for more details.

8.4 INT Pin

The INT pin can be used to generate an asynchronous
edge-triggered interrupt. This interrupt is enabled by
setting the INTE bit of the INTCON register. The
INTEDG bit of the OPTION_REG register determines on
which edge the interrupt will occur. When the INTEDG
bit is set, the rising edge will cause the interrupt. When
the INTEDG bit is clear, the falling edge will cause the
interrupt. The INTF bit of the INTCON register will be set
when a valid edge appears on the INT pin. If the GIE and
INTE bits are also set, the processor will redirect
program execution to the interrupt vector.

8.5 Automatic Context Saving

Upon entering an interrupt, the return PC address is
saved on the stack. Additionally, the following registers
are automatically saved in the Shadow registers:

• W register

• STATUS register (except for TO and PD)

• BSR register

• FSR registers

• PCLATH register

Upon exiting the Interrupt Service Routine, these regis-
ters are automatically restored. Any modifications to
these registers during the ISR will be lost. If modifica-
tions to any of these registers are desired, the corre-
sponding Shadow register should be modified and the
value will be restored when exiting the ISR. The
Shadow registers are available in Bank 31 and are
readable and writable. Depending on the user’s appli-
cation, other registers may also need to be saved. 
DS40001419F-page 88  2010-2015 Microchip Technology Inc.
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FIGURE 13-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM (PORTA EXAMPLE)
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TABLE 16-1: ADC CLOCK PERIOD (TAD) VS. DEVICE OPERATING FREQUENCIES 

FIGURE 16-2: ANALOG-TO-DIGITAL CONVERSION TAD CYCLES 

ADC Clock Period (TAD) Device Frequency (FOSC)

ADC
Clock Source

ADCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz

Fosc/2 000 62.5ns(2) 100 ns(2) 125 ns(2) 250 ns(2) 500 ns(2) 2.0 s

Fosc/4 100 125 ns(2) 200 ns(2) 250 ns(2) 500 ns(2) 1.0 s 4.0 s

Fosc/8 001 0.5  s(2) 400 ns(2) 0.5 s(2) 1.0 s 2.0 s 8.0 s(3)

Fosc/16 101 800 ns 800 ns 1.0 s 2.0 s 4.0 s 16.0 s(3)

Fosc/32 010 1.0 s 1.6 s 2.0 s 4.0 s 8.0 s(3) 32.0 s(3)

Fosc/64 110 2.0 s 3.2 s 4.0 s 8.0 s(3) 16.0 s(3) 64.0 s(3)

FRC x11 1.0-6.0 s(1,4) 1.0-6.0 s(1,4) 1.0-6.0 s(1,4) 1.0-6.0 s(1,4) 1.0-6.0 s(1,4) 1.0-6.0 s(1,4)

Legend: Shaded cells are outside of recommended range.
Note 1: The FRC source has a typical TAD time of 1.6 s for VDD.

2: These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.
4: The ADC clock period (TAD) and total ADC conversion time can be minimized when the ADC clock is derived from the 

system clock FOSC. However, the FRC clock source must be used when conversions are to be performed with the 
device in Sleep mode.

TAD1 TAD2 TAD3 TAD4 TAD5 TAD6 TAD7 TAD8 TAD11

Set GO bit 

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

TAD9 TAD10TCY - TAD

ADRESH:ADRESL is loaded, GO bit is cleared, 
ADIF bit is set, holding capacitor is connected to analog input. 

Conversion starts 

b0b9 b6 b5 b4 b3 b2 b1b8 b7

On the following cycle: 
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21.1 Timer1 Operation

The Timer1 module is a 16-bit incrementing counter
which is accessed through the TMR1H:TMR1L register
pair. Writes to TMR1H or TMR1L directly update the
counter.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter and incre-
ments on every selected edge of the external source.

Timer1 is enabled by configuring the TMR1ON and
TMR1GE bits in the T1CON and T1GCON registers,
respectively. Table 21-1 displays the Timer1 enable
selections.

21.2 Clock Source Selection

The TMR1CS<1:0> and T1OSCEN bits of the T1CON
register are used to select the clock source for Timer1.
Table 21-2 displays the clock source selections.

21.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected the
TMR1H:TMR1L register pair will increment on multiples
of FOSC as determined by the Timer1 prescaler.

When the FOSC internal clock source is selected, the
Timer1 register value will increment by four counts every
instruction clock cycle. Due to this condition, a 2 LSB
error in resolution will occur when reading the Timer1
value. To utilize the full resolution of Timer1, an
asynchronous input signal must be used to gate the
Timer1 clock input.

The following asynchronous sources may be used:

• Asynchronous event on the T1G pin to Timer1 
gate

• C1 or C2 comparator input to Timer1 gate

21.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input T1CKI or the
capacitive sensing oscillator signal. Either of these
external clock sources can be synchronized to the
microcontroller system clock or they can run
asynchronously.

When used as a timer with a clock oscillator, an
external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit. 

TABLE 21-1: TIMER1 ENABLE 
SELECTIONS

TMR1ON TMR1GE
Timer1 

Operation

0 0 Off

0 1 Off

1 0 Always On

1 1 Count Enabled

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

• Timer1 enabled after POR

• Write to TMR1H or TMR1L

• Timer1 is disabled

• Timer1 is disabled (TMR1ON = 0) 
when T1CKI is high then Timer1 is 
enabled (TMR1ON=1) when T1CKI is 
low.

TABLE 21-2: CLOCK SOURCE SELECTIONS

TMR1CS1 TMR1CS0 T1OSCEN Clock Source

0 1 x System Clock (FOSC)

0 0 x Instruction Clock (FOSC/4)

1 1 x Capacitive Sensing Oscillator

1 0 0 External Clocking on T1CKI Pin

1 0 1 Osc.Circuit On T1OSI/T1OSO Pins
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24.4.3 ENHANCED PWM AUTO-
SHUTDOWN MODE

The PWM mode supports an Auto-Shutdown mode that
will disable the PWM outputs when an external
shutdown event occurs. Auto-Shutdown mode places
the PWM output pins into a predetermined state. This
mode is used to help prevent the PWM from damaging
the application.

The auto-shutdown sources are selected using the
CCPxAS<2:0> bits of the CCPxAS register. A shutdown
event may be generated by:

• A logic ‘0’ on the FLT0 pin

• A logic ‘1’ on a Comparator (Cx) output

A shutdown condition is indicated by the CCPxASE
(Auto-Shutdown Event Status) bit of the CCPxAS
register. If the bit is a ‘0’, the PWM pins are operating
normally. If the bit is a ‘1’, the PWM outputs are in the
shutdown state.

When a shutdown event occurs, two things happen:

The CCPxASE bit is set to ‘1’. The CCPxASE will
remain set until cleared in firmware or an auto-restart
occurs (see Section 24.4.4 “Auto-restart Mode”).

The enabled PWM pins are asynchronously placed in
their shutdown states. The PWM output pins are
grouped into pairs [PxA/PxC] and [PxB/PxD]. The state
of each pin pair is determined by the PSSxAC and
PSSxBD bits of the CCPxAS register. Each pin pair may
be placed into one of three states:

• Drive logic ‘1’

• Drive logic ‘0’

• Tri-state (high-impedance)

FIGURE 24-14: PWM AUTO-SHUTDOWN WITH FIRMWARE RESTART (PXRSEN = 0) 

Note 1: The auto-shutdown condition is a level-
based signal, not an edge-based signal.
As long as the level is present, the auto-
shutdown will persist.

2: Writing to the CCPxASE bit is disabled
while an auto-shutdown condition
persists.

3: Once the auto-shutdown condition has
been removed and the PWM restarted
(either through firmware or auto-restart)
the PWM signal will always restart at the
beginning of the next PWM period.

4: Prior to an auto-shutdown event caused
by a comparator output or FLT0 pin event,
a software shutdown can be triggered in
firmware by setting the CCPxASE bit of
the CCPxAS register to ‘1’. The Auto-
Restart feature tracks the active status of
a shutdown caused by a comparator out-
put or FLT0 pin event only. If it is enabled
at this time, it will immediately clear this
bit and restart the ECCP module at the
beginning of the next PWM period.

Shutdown

PWM

CCPxASE bit

Activity

Event

Shutdown
Event Occurs

Shutdown
Event Clears

PWM
Resumes

PWM Period

Start of
PWM Period

CCPxASE
Cleared by
Firmware

Timer
Overflow

Timer
Overflow

Timer
Overflow

Timer
Overflow

Missing Pulse
(Auto-Shutdown)

Missing Pulse
(CCPxASE not clear)

Timer
Overflow
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REGISTER 24-1: CCPxCON: CCPx CONTROL REGISTER  

R/W-00 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

PxM<1:0>(1) DCxB<1:0> CCPxM<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 Reset

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 PxM<1:0>: Enhanced PWM Output Configuration bits(1)

Capture mode:
Unused

Compare mode:
Unused

If CCPxM<3:2> = 00, 01, 10:
xx = PxA assigned as Capture/Compare input; PxB, PxC, PxD assigned as port pins

If CCPxM<3:2> = 11:
00 = Single output; PxA modulated; PxB, PxC, PxD assigned as port pins
01 = Full-Bridge output forward; PxD modulated; PxA active; PxB, PxC inactive
10 = Half-Bridge output; PxA, PxB modulated with dead-band control; PxC, PxD assigned as port pins
11 = Full-Bridge output reverse; PxB modulated; PxC active; PxA, PxD inactive

bit 5-4 DCxB<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused

Compare mode:
Unused

PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

bit 3-0 CCPxM<3:0>: ECCPx Mode Select bits

0000 = Capture/Compare/PWM off (resets ECCPx module)
0001 = Reserved 
0010 = Compare mode: toggle output on match
0011 = Reserved

0100 = Capture mode: every falling edge 
0101 = Capture mode: every rising edge
0110 = Capture mode: every 4th rising edge 
0111 = Capture mode: every 16th rising edge

1000 = Compare mode: initialize ECCPx pin low; set output on compare match (set CCPxIF)
1001 = Compare mode: initialize ECCPx pin high; clear output on compare match (set CCPxIF)
1010 = Compare mode: generate software interrupt only; ECCPx pin reverts to I/O state
1011 = Compare mode: Special Event Trigger (ECCPx resets Timer, sets CCPxIF bit, starts A/D conversion if  A/

D module is enabled)(1)

CCP Modules only:
11xx = PWM mode

ECCP modules only:
1100 = PWM mode: PxA, PxC active-high; PxB, PxD active-high
1101 = PWM mode: PxA, PxC active-high; PxB, PxD active-low
1110 = PWM mode: PxA, PxC active-low; PxB, PxD active-high
1111 = PWM mode: PxA, PxC active-low; PxB, PxD active-low

Note 1: These bits are not implemented on CCP3 or CCP4.
 2010-2015 Microchip Technology Inc. DS40001419F-page 225



PIC16(L)F1824/8
25.3 I2C Mode Overview

The Inter-Integrated Circuit Bus (I²C) is a multi-master
serial data communication bus. Devices communicate
in a master/slave environment where the master
devices initiate the communication. A Slave device is
controlled through addressing.

The I2C bus specifies two signal connections:

• Serial Clock (SCL)

• Serial Data (SDA)

Figure 25-2 and Figure 25-3 shows the block diagram
of the MSSP1 module when operating in I2C Mode.

Both the SCL and SDA connections are bidirectional
open-drain lines, each requiring pull-up resistors for the
supply voltage. Pulling the line to ground is considered
a logical zero and letting the line float is considered a
logical one.

Figure 25-11 shows a typical connection between two
processors configured as master and slave devices.

The I2C bus can operate with one or more master
devices and one or more slave devices. 

There are four potential modes of operation for a given
device:

• Master Transmit mode
(master is transmitting data to a slave)

• Master Receive mode
(master is receiving data from a slave)

• Slave Transmit mode
(slave is transmitting data to a master)

• Slave Receive mode
(slave is receiving data from the master)

To begin communication, a master device starts out in
Master Transmit mode. The master device sends out a
Start bit followed by the address byte of the slave it
intends to communicate with. This is followed by a
single Read/Write bit, which determines whether the
master intends to transmit to or receive data from the
slave device.

If the requested slave exists on the bus, it will respond
with an Acknowledge bit, otherwise known as an ACK.
The master then continues in either Transmit mode or
Receive mode and the slave continues in the comple-
ment, either in Receive mode or Transmit mode,
respectively.

A Start bit is indicated by a high-to-low transition of the
SDA line while the SCL line is held high. Address and
data bytes are sent out, Most Significant bit (MSb) first.
The Read/Write bit is sent out as a logical one when the
master intends to read data from the slave, and is sent
out as a logical zero when it intends to write data to the
slave. 

FIGURE 25-11: I2C MASTER/
SLAVE CONNECTION

The Acknowledge bit (ACK) is an active-low signal,
which holds the SDA line low to indicate to the transmit-
ter that the slave device has received the transmitted
data and is ready to receive more.

The transition of a data bit is always performed while
the SCL line is held low. Transitions that occur while the
SCL line is held high are used to indicate Start and Stop
bits.

If the master intends to write to the slave, then it repeat-
edly sends out a byte of data, with the slave responding
after each byte with an ACK bit. In this example, the
master device is in Master Transmit mode and the
slave is in Slave Receive mode.

If the master intends to read from the slave, then it
repeatedly receives a byte of data from the slave, and
responds after each byte with an ACK bit. In this exam-
ple, the master device is in Master Receive mode and
the slave is Slave Transmit mode.

On the last byte of data communicated, the master
device may end the transmission by sending a Stop bit.
If the master device is in Receive mode, it sends the
Stop bit in place of the last ACK bit. A Stop bit is indi-
cated by a low-to-high transition of the SDA line while
the SCL line is held high.

In some cases, the master may want to maintain
control of the bus and re-initiate another transmission.
If so, the master device may send another Start bit in
place of the Stop bit or last ACK bit when it is in receive
mode.

The I2C bus specifies three message protocols;

• Single message where a master writes data to a 
slave.

• Single message where a master reads data from 
a slave.

• Combined message where a master initiates a 
minimum of two writes, or two reads, or a 
combination of writes and reads, to one or more 
slaves.

Master

SCL

SDA

SCL

SDA

Slave
VDD

VDD
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25.7 Baud Rate Generator

The MSSP1 module has a Baud Rate Generator avail-
able for clock generation in both I2C and SPI Master
modes. The Baud Rate Generator (BRG) reload value
is placed in the SSP1ADD register (Register 25-6).
When a write occurs to SSP1BUF, the Baud Rate
Generator will automatically begin counting down. 

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state. 

An internal signal “Reload” in Figure 25-40 triggers the
value from SSP1ADD to be loaded into the BRG
counter. This occurs twice for each oscillation of the

module clock line. The logic dictating when the reload
signal is asserted depends on the mode the MSSP1 is
being operated in.

Table 25-4 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSP1ADD.

EQUATION 25-1:

FIGURE 25-40: BAUD RATE GENERATOR BLOCK DIAGRAM     

TABLE 25-4: MSSP1 CLOCK RATE W/BRG

FCLOCK
FOSC

SSPxADD 1+  4 
-------------------------------------------------=

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSP1ADD when used as a Baud Rate
Generator for I2C. This is an implementation
limitation.

FOSC FCY BRG Value
FCLOCK 

(2 Rollovers of BRG)

32 MHz 8 MHz 13h 400 kHz

32 MHz 8 MHz 19h 308 kHz

32 MHz 8 MHz 4Fh 100 kHz

16 MHz 4 MHz 09h 400 kHz

16 MHz 4 MHz 0Ch 308 kHz

16 MHz 4 MHz 27h 100 kHz

4 MHz 1 MHz 09h 100 kHz

Note: Refer to the I/O port electrical and timing specifications in Table 30-4 and Figure 30-7 to ensure the system
is designed to support the I/O requirements.

SSP1M<3:0>

BRG Down CounterSSP1CLK  FOSC/2

SSP1ADD<7:0>

SSP1M<3:0>

SCL

Reload

Control

Reload
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26.5 EUSART Operation During Sleep

The EUSART will remain active during Sleep only in the
Synchronous Slave mode. All other modes require the
system clock and therefore cannot generate the
necessary signals to run the Transmit or Receive Shift
registers during Sleep.

Synchronous Slave mode uses an externally generated
clock to run the Transmit and Receive Shift registers.

26.5.1 SYNCHRONOUS RECEIVE DURING 
SLEEP

To receive during Sleep, all the following conditions
must be met before entering Sleep mode:

• RCSTA and TXSTA Control registers must be 
configured for Synchronous Slave Reception (see 
Section 26.4.2.4 “Synchronous Slave 
Reception Setup:”).

• If interrupts are desired, set the RCIE bit of the 
PIE1 register and the GIE and PEIE bits of the 
INTCON register.

• The RCIF interrupt flag must be cleared by read-
ing RCREG to unload any pending characters in 
the receive buffer.

Upon entering Sleep mode, the device will be ready to
accept data and clocks on the RX/DT and TX/CK pins,
respectively. When the data word has been completely
clocked in by the external device, the RCIF interrupt
flag bit of the PIR1 register will be set. Thereby, waking
the processor from Sleep.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the Global Inter-
rupt Enable (GIE) bit of the INTCON register is also set,
then the Interrupt Service Routine at address 004h will
be called.

26.5.2 SYNCHRONOUS TRANSMIT 
DURING SLEEP

To transmit during Sleep, all the following conditions
must be met before entering Sleep mode:

• RCSTA and TXSTA Control registers must be 
configured for Synchronous Slave Transmission 
(see Section 26.4.2.2 “Synchronous Slave 
Transmission Setup:”).

•  The TXIF interrupt flag must be cleared by writing 
the output data to the TXREG, thereby filling the 
TSR and transmit buffer.

• If interrupts are desired, set the TXIE bit of the 
PIE1 register and the PEIE bit of the INTCON 
register.

• Interrupt enable bits TXIE of the PIE1 register and 
PEIE of the INTCON register must set.

Upon entering Sleep mode, the device will be ready to
accept clocks on the TX/CK pin and transmit data on
the RX/DT pin. When the data word in the TSR has
been completely clocked out by the external device, the
pending byte in the TXREG will transfer to the TSR and
the TXIF flag will be set. Thereby, waking the processor
from Sleep. At this point, the TXREG is available to
accept another character for transmission, which will
clear the TXIF flag.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the Global
Interrupt Enable (GIE) bit is also set then the Interrupt
Service Routine at address 0004h will be called.

26.5.3 ALTERNATE PIN LOCATIONS

This module incorporates I/O pins that can be moved to
other locations with the use of the alternate pin function
registers, APFCON0 and APFCON1. To determine
which pins can be moved and what their default
locations are upon a Reset, see Section 12.1
“Alternate Pin Function” for more information.
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Supply Current (IDD)(1, 2)

D014 — 187 250 A 1.8 FOSC = 4 MHz
EC Oscillator mode,
Medium-Power mode

— 324 430 A 3.0

D014 — 206 275 A 1.8 FOSC = 4 MHz
EC Oscillator mode 
Medium-Power mode

— 350 450 A 3.0

— 410 650 A 5.0

D015 — 6 18 A 1.8 FOSC = 31 kHz
LFINTOSC mode, -40°C  TA  +85°C— 8 20 A 3.0

D015 — 21 58 A 1.8 FOSC = 31 kHz
LFINTOSC mode,  -40°C  TA  +85°C— 27 65 A 3.0

— 28 70 A 5.0

D016 — 113 165 A 1.8 FOSC = 500 kHz
MFINTOSC mode— 140 190 A 3.0

D016 — 124 180 A 1.8 FOSC = 500 kHz
MFINTOSC mode — 150 210 A 3.0

— 190 270 A 5.0

D017* — 0.44 0.70 mA 1.8 FOSC = 8 MHz
HFINTOSC mode— 0.70 1.10 mA 3.0

D017* — 0.48 0.75 mA 1.8 FOSC = 8 MHz
HFINTOSC mode — 0.74 1.15 mA 3.0

— 0.82 1.35 mA 5.0

D018 — 0.70 1.20 mA 1.8 FOSC = 16 MHz
HFINTOSC mode— 1.10 1.80 mA 3.0

D018 — 0.70 1.20 mA 1.8 FOSC = 16 MHz
HFINTOSC mode — 1.10 1.80 mA 3.0

— 1.40 2.00 mA 5.0

D019 — 2.10 3.30 mA 3.0 FOSC = 32 MHz
HFINTOSC mode (NOTE 3)— 3.20 3.60 mA 3.6

30.2 DC Characteristics: PIC16(L)F1824/8-I/E (Industrial, Extended) (Continued)

PIC16LF1824/8
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial

-40°C  TA  +125°C for extended

PIC16F1824/8
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +85°C for industrial

-40°C  TA  +125°C for extended

Param
No.

Device 
Characteristics

Min. Typ† Max. Units
Conditions

VDD Note

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

tested.

Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from 
rail-to-rail; all I/O pins tri-stated, pulled to VDD; MCLR = VDD; WDT disabled.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O pin loading 
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current 
consumption.

3: 8 MHz internal oscillator with 4xPLL enabled.
4: 8 MHz crystal oscillator with 4xPLL enabled.
5: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended 

by the formula IR = VDD/2REXT (mA) with REXT in k.
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FIGURE 30-18: SPI SLAVE MODE TIMING (CKE = 0)

FIGURE 30-19: SPI SLAVE MODE TIMING (CKE = 1)

SSx

SCKx
(CKP = 0)

SCKx
(CKP = 1)

SDOx

SDIx

SP70

SP71 SP72

SP73

SP74

SP75, SP76 SP77

SP78SP79

SP80

SP79SP78

MSb LSbbit 6 - - - - - -1

MSb In bit 6 - - - -1 LSb In

SP83

Note: Refer to Figure 30-5 for load conditions.

SSx

SCKx
(CKP = 0)

SCKx
(CKP = 1)

SDOx

SDIx

SP70

SP71 SP72

SP82

SP74

SP75, SP76

MSb bit 6 - - - - - -1 LSb

SP77

MSb In bit 6 - - - -1 LSb In

SP80

SP83

Note: Refer to Figure 30-5 for load conditions.
DS40001419F-page 364  2010-2015 Microchip Technology Inc.



PIC16(L)F1824/8
31.0 DC AND AC CHARACTERISTICS GRAPHS AND CHARTS

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD

range). This is for information only and devices are ensured to operate properly only within the specified range.

“Typical” represents the mean of the distribution at 25C. “MAXIMUM”, “Max.”, “MINIMUM” or “Min.” represents
(mean + 3) or (mean - 3) respectively, where  is a standard deviation, over each temperature range.

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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