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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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Data Converters A/D 12x10b
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200h(1) INDF0 Addressing this location uses contents of FSR0H/FSR0L to address data memory
(not a physical register)

xxxx xxxx xxxx xxxx

201h(1) INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory
(not a physical register)

xxxx xxxx xxxx xxxx

202h(1) PCL Program Counter (PC) Least Significant Byte 0000 0000 0000 00

203h(1) STATUS � � � TO PD Z DC C ---1 1000 ---q quuu

204h(1) FSR0L Indirect Data Memory Address 0 Low Pointer 0000 0000 uuuu uu

205h(1) FSR0H Indirect Data Memory Address 0 High Pointer 0000 0000 0000 00

206h(1) FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 uuuu uu

207h(1) FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 0000 00

208h(1) BSR � � � BSR<4:0> ---0 0000 ---0 0000

209h(1) WREG Working Register 0000 0000 uuuu uu

20Ah(1) PCLATH � Write Buffer for the upper 7 bits of the Program Counter -000 0000 -000 000

20Bh(1) INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 0000 000x 0000 00

20Ch WPUA � � WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUA0 --11 1111 --11 1111

20Dh WPUB(2) WPUB7 WPUB6 WPUB5 WPUB4 � � � � 1111 ---- 1111 ----

20Eh WPUC WPUC7(2) WPUC6(2) WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUC0 1111 1111 1111 11

20Fh � Unimplemented � �

210h � Unimplemented � �

211h SSP1BUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx uuuu uuu

212h SSP1ADD ADD<7:0> 0000 0000 0000 00

213h SSP1MSK MSK<7:0> 1111 1111 1111 11

214h SSP1STAT SMP CKE D/A P S R/W UA BF 0000 0000 0000 00

215h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 0000 0000 0000 00

216h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 00

217h SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 0000 0000 0000 00

218h � Unimplemented � �

219h � Unimplemented � �

21Ah � Unimplemented � �

21Bh � Unimplemented � �

21Ch � Unimplemented � �

21Dh � Unimplemented � �

21Eh � Unimplemented � �

21Fh � 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�.
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REGISTER 6-1: CLKRCON: REFERE NCE CLOCK CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CLKREN CLKROE CLKRSLR CLKRDC<1:0> CLKRDIV<2:0>

bit 7 bit 0

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

bit 7 CLKREN:  Reference Clock Module Enable bit
1 = Reference Clock module is enabled
0 = Reference Clock module is disabled

bit 6 CLKROE:  Reference Clock Output Enable bit(3)

1 = Reference Clock output is enabled on CLKR pin
0 = Reference Clock output disabled on CLKR pin

bit 5 CLKRSLR:  Reference Clock Slew Rate Control Limiting Enable bit
1 = Slew Rate limiting is enabled
0 = Slew Rate limiting is disabled

bit 4-3 CLKRDC<1:0>:  Reference Clock Duty Cycle bits
11  = Clock outputs duty cycle of 75%
10  = Clock outputs duty cycle of 50%
01  = Clock outputs duty cycle of 25%
00  = Clock outputs duty cycle of 0%

bit 2-0 CLKRDIV<2:0>  Reference Clock Divider bits
111  = Base clock value divided by 128
110  = Base clock value divided by 64
101  = Base clock value divided by 32
100  = Base clock value divided by 16
011  = Base clock value divided by 8
010  = Base clock value divided by 4
001  = Base clock value divided by 2(1)

000  = Base clock value(2)

Note 1: In this mode, the 25% and 75% duty cycle accuracy will be dependent on the source clock duty cycle.

2: In this mode, the duty cycle will always be equal to the source clock duty cycle, unless a duty cycle of 0%
is selected.

3: To route CLKR to pin, CLKOUTEN of Configuration Word 1 = 1 is required. CLKOUTEN of Configuration
Word 1 = 0 will result in FOSC/4. See Section 6.3 �Conflicts with the CLKR pin�  for details.
DS40001419F-page 72 �⁄  2010-2015 Microchip Technology Inc.
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BLE 8-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS  

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

CON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 89

TION_REG WPUEN INTEDG TMR0CS TMR0SE PSA PS2 PS1 PS0 176

1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 90

2 OSFIE C2IE C1IE EEIE BCL1IE � � CCP2IE 91

3 � � CCP4IE CCP3IE TMR6IE � TMR4IE � 92

1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 93

2 OSFIF C2IF C1IF EEIF BCL1IF � � CCP2IF 94

3 � � CCP4IF CCP3IF TMR6IF � TMR4IF � 95

end: � = unimplemented locations, read as � 0�. Shaded cells are not used by interrupts.
0001419F-page 96 �⁄  2010-2015 Microchip Technology Inc.



PIC16(L)F1824/8
12.2 PORTA Registers

PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 12-4). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). The exception is RA3, which is
input only and its TRIS bit will always read as �1�.
Example 12-1 shows how to initialize PORTA.

Reading the PORTA register (Register 12-3) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch (LATA).

The TRISA register (Register 12-4) controls the
PORTA pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISA register are maintained set when using
them as analog inputs. I/O pins configured as analog
input always read �0�.

The INLVLA register (Register 12-8) controls the input
voltage threshold for each of the available PORTA input
pins. A selection between the Schmitt Trigger CMOS or
the TTL Compatible thresholds is available. The input
threshold is important in determining the value of a
read of the PORTA register and also the level at which
an Interrupt-on-Change occurs, if that feature is
enabled. See Section 30.4 �DC Characteristics:
PIC16(L)F1824/8-I/E�  for more information on thresh-
old levels.

12.2.1 WEAK PULL-UPS
Each of the PORTA pins has an individually configurable
internal weak pull-up. Control bits WPUA<5:0> enable or
disable each pull-up (see Register 12-7). Each weak
pull-up is automatically turned off when the port pin is
configured as an output. All pull-ups are disabled on a
Power-on Reset by the WPUEN bit of the
OPTION_REG register.

12.2.2 ANSELA REGISTER
The ANSELA register (Register 12-6) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELA bit high will cause all
digital reads on the pin to be read as �0� and allow
analog functions on the pin to operate correctly.

The state of the ANSELA bits has no affect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

EXAMPLE 12-1: INITIALIZING PORTA

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a tran-
sition associated with an input pin, regard-
less of the actual voltage level on that pin.

Note: The ANSELA register must be initialized
to configure an analog channel as a digital
input. Pins configured as analog inputs
will read �0�.

BANKSEL PORTA ;
CLRF PORTA ;Init PORTA
BANKSEL LATA ;Data Latch
CLRF LATA ;
BANKSEL ANSELA ;
CLRF ANSELA ;digital I/O
BANKSEL TRISA ;
MOVLW B’00111000’ ;Set RA<5:3> as inputs
MOVWF TRISA ;and set RA<2:0> as

;outputs
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TABLE 16-3: SUMMARY OF REGISTERS ASSOCIATED WITH ADC    

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

Page

ADCON0 — CHS4 CHS3 CHS2 CHS1 CHS0 GO/DONE ADON 149

ADCON1 ADFM ADCS<2:0> — ADNREF ADPREF<1:0> 150

ADRESH A/D Result Register High 151, 154

ADRESL A/D Result Register Low 151, 154

ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSA0 122

ANSELB(1) — — ANSB5 ANSB4 — — — — 128

ANSELC ANSC7(1) ANSC6(1) — — ANSC3 ANSC2 ANSC1 ANSC0 133

INLVLA — — INLVLA5 INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLA0 123

INLVLB(1) INLVLA7 INLVLA6 INLVLA5 INLVLA4 — — — — 128

INLVLC INLVLC7(1) INLVLC6(1) INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLC1 INLVLC0 134

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 89

PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 90

PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 93

TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 121

TRISB(1) TRISB7 TRISB6 TRISB5 TRISB4 — — — — 127

TRISC TRISC7(1) TRISC6(1) TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 132

FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 141

DACCON0 DACEN DACLPS DACOE — DACPSS<1:0> — DACNSS 159

DACCON1 — — — DACR<4:0> 159

Legend: x = unknown, u = unchanged, — = unimplemented, read as ‘0’, q = value depends on condition. Shaded cells are not used for ADC 
module.

Note 1: PIC16(L)F1828 only.
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25.5.4 SLAVE MODE 10-BIT ADDRESS 
RECEPTION

This section describes a standard sequence of events
for the MSSP1 module configured as an I2C Slave in
10-bit Addressing mode. 

Figure 25-20 is used as a visual reference for this
description.

This is a step by step process of what must be done by
slave software to accomplish I2C communication.

1. Bus starts Idle.
2. Master sends Start condition; S bit of

SSP1STAT is set; SSP1IF is set if interrupt on
Start detect is enabled.

3. Master sends matching high address with R/W
bit clear; UA bit of the SSP1STAT register is set.

4. Slave sends ACK and SSP1IF is set.
5. Software clears the SSP1IF bit.
6. Software reads received address from

SSP1BUF clearing the BF flag.
7. Slave loads low address into SSP1ADD,

releasing SCL.
8. Master sends matching low address byte to the

Slave; UA bit is set.

9. Slave sends ACK and SSP1IF is set.

10. Slave clears SSP1IF.
11. Slave reads the received matching address

from SSP1BUF clearing BF.
12. Slave loads high address into SSP1ADD.
13. Master clocks a data byte to the slave and

clocks out the slaves ACK on the ninth SCL
pulse; SSP1IF is set.

14. If SEN bit of SSP1CON2 is set, CKP is cleared
by hardware and the clock is stretched.

15. Slave clears SSP1IF.
16. Slave reads the received byte from SSP1BUF

clearing BF.
17. If SEN is set the slave sets CKP to release the

SCL.
18. Steps 13-17 repeat for each received byte.
19. Master sends Stop to end the transmission.

25.5.5 10-BIT ADDRESSING WITH ADDRESS 
OR DATA HOLD

Reception using 10-bit addressing with AHEN or
DHEN set is the same as with 7-bit modes. The only
difference is the need to update the SSP1ADD register
using the UA bit. All functionality, specifically when the
CKP bit is cleared and SCL line is held low are the
same. Figure 25-21 can be used as a reference of a
slave in 10-bit addressing with AHEN set. 

Figure 25-22 shows a standard waveform for a slave
transmitter in 10-bit Addressing mode.

Note: Updates to the SSP1ADD register are not
allowed until after the ACK sequence.

Note: If the low address does not match, SSP1IF
and UA are still set so that the slave soft-
ware can set SSP1ADD back to the high
address. BF is not set because there is no
match. CKP is unaffected.
DS40001419F-page 256 �⁄  2010-2015 Microchip Technology Inc.
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25.6.8 ACKNOWLEDGE SEQUENCE 
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN bit of the
SSP1CON2 register. When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The Baud Rate
Generator then counts for one rollover period (TBRG)
and the SCL pin is deasserted (pulled high). When the
SCL pin is sampled high (clock arbitration), the Baud
Rate Generator counts for TBRG. The SCL pin is then
pulled low. Following this, the ACKEN bit is automatically
cleared, the Baud Rate Generator is turned off and the
MSSP1 module then goes into Idle mode
(Figure 25-30).

25.6.8.1 WCOL Status Flag
If the user writes the SSP1BUF when an Acknowledge
sequence is in progress, then the WCOL bit is set and
the contents of the buffer are unchanged (the write
does not occur).

25.6.9 STOP CONDITION TIMING
A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN bit of the SSP1CON2 register. At the end of a
receive/transmit, the SCL line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDA line low. When the SDA
line is sampled low, the Baud Rate Generator is
reloaded and counts down to �0�. When the Baud Rate
Generator times out, the SCL pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDA pin will be deasserted. When the SDA
pin is sampled high while SCL is high, the P bit of the
SSP1STAT register is set. A TBRG later, the PEN bit is
cleared and the SSP1IF bit is set (Figure 25-31).

25.6.9.1 WCOL Status Flag
If the user writes the SSP1BUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write does
not occur).

FIGURE 25-30: ACKNOWLEDGE SEQUEN CE WAVEFORM         

Note:  TBRG = one Baud Rate Generator period.
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FIGURE 31-43: VOH vs. IOH OVER TEMPERATURE (VDD = 3.0V)

FIGURE 31-44: VOL vs. IOL OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 31-58: COMPARATOR INPUT OFFSET AT 25°C, NORMAL-POWER MODE (CxSP = 1), 
PIC16F1824/8 ONLY
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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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