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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; D/A 1x5b

Oscillator Type Internal
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   B

08 --11 1111

08 1111 ----

08 1111 1111

08 —

09 —

09 0000 --00

09 -00- ----

09 0000 ----

09 —

09 1111 1111

09 qq-q qquu

09 --01 0110

09 --00 0000

09 0011 1-00

09 -qqq qqqq

09 uuuu uuuu

09 uuuu uuuu

09 -000 0000

09 0000 --00

09 0000 ----

TA

A
Value on 
all other 
Resets

Le
No
ank 1

Ch TRISA — — TRISA5 TRISA4 —(3) TRISA2 TRISA1 TRISA0 --11 1111

Dh TRISB(1) TRISB7 TRISB6 TRISB5 TRISB4 — — — — 1111 ----

Eh TRISC TRISC7(1) TRISC6(1) TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 1111 1111

Fh — Unimplemented —

0h — Unimplemented —

1h PIE1 TMR1GIE ADIE RCIE TXIE — — TMR2IE TMR1IE 0000 --00

2h PIE2 — C2IE C1IE — — — — — -00- ----

3h PIE3 PWM4IE PWM3IE PWM2IE PWM1IE — — — — 0000 ----

4h — —

5h OPTION_REG WPUEN INTEDG TMR0CS TMR0SE PSA PS<2:0> 1111 1111

6h PCON STKOVF STKUNF — RWDT RMCLR RI POR BOR 00-1 11qq

7h WDTCON — — WDTPS<4:0> SWDTEN --01 0110

8h OSCTUNE — — TUN<5:0> --00 0000

9h OSCCON SPLLEN IRCF<3:0> — SCS<1:0> 0011 1-00

Ah OSCSTAT — PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS -0q0 0q00

Bh ADRESL ADC Result Register Low xxxx xxxx

Ch ADRESH ADC Result Register High xxxx xxxx

Dh ADCON0 — CHS<4:0> GO/DONE ADON -000 0000

Eh ADCON1 ADFM ADCS<2:0> — — ADPREF<1:0> 0000 --00

Fh ADCON2 TRIGSEL<3:0> — — — — 0000 ----

BLE 3-15: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

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

POR, BOR

gend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’.
te 1: PIC16(L)F1578/9 only.

2: PIC16F1574/5/8/9 only.
3: Unimplemented, read as ‘1’.



PIC16(L)F1574/5/8/9
FIGURE 6-3: RESET START-UP SEQUENCE

Note 1: Code execution begins 10 FOSC cycles after the FOSC clock is released.

VDD

Internal POR

External Clock (EC modes), PWRTEN = 0

Internal RESET

MCLR

FOSC

Begin Execution

Ext. Clock (EC)

Power-up Timer

External Clock (EC modes), PWRTEN = 1

code execution (1)code execution (1)

TPWRT

Int. Oscillator

code execution (1)

Internal Oscillator, PWRTEN = 0 Internal Oscillator, PWRTEN = 1

code execution (1)

TPWRT

VDD

Internal POR

Internal RESET

MCLR

FOSC

Begin Execution

Power-up Timer

Rev. 10-000032B
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PIC16(L)F1574/5/8/9
10.2.2 FLASH MEMORY UNLOCK 
SEQUENCE

The unlock sequence is a mechanism that protects the
Flash program memory from unintended self-write pro-
gramming or erasing. The sequence must be executed
and completed without interruption to successfully
complete any of the following operations:

• Row Erase

• Load program memory write latches

• Write of program memory write latches to 
program memory

• Write of program memory write latches to user 
IDs

The unlock sequence consists of the following steps:

1. Write 55h to PMCON2

2. Write AAh to PMCON2

3. Set the WR bit in PMCON1

4. NOP instruction

5. NOP instruction

Once the WR bit is set, the processor will always force
two NOP instructions. When an Erase Row or Program
Row operation is being performed, the processor will stall
internal operations (typical 2 ms), until the operation is
complete and then resume with the next instruction.
When the operation is loading the program memory write
latches, the processor will always force the two NOP
instructions and continue uninterrupted with the next
instruction.

Since the unlock sequence must not be interrupted,
global interrupts should be disabled prior to the unlock
sequence and re-enabled after the unlock sequence is
completed.

FIGURE 10-3: FLASH PROGRAM 
MEMORY UNLOCK 
SEQUENCE FLOWCHART 

Start
Unlock Sequence

End
Unlock Sequence

Write 0x55 to
PMCON2

Write 0xAA to
PMCON2

Initiate
Write or Erase operation

(WR = 1)

Instruction fetched ignored
NOP execution forced

Instruction fetched ignored
NOP execution forced

Rev. 10-000047A
7/30/2013
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PIC16(L)F1574/5/8/9
10.2.3 ERASING FLASH PROGRAM 
MEMORY

While executing code, program memory can only be
erased by rows. To erase a row:

1. Load the PMADRH:PMADRL register pair with
any address within the row to be erased.

2. Clear the CFGS bit of the PMCON1 register.

3. Set the FREE and WREN bits of the PMCON1
register.

4. Write 55h, then AAh, to PMCON2 (Flash
programming unlock sequence).

5. Set control bit WR of the PMCON1 register to
begin the erase operation.

See Example 10-2.

After the “BSF PMCON1,WR” instruction, the processor
requires two cycles to set up the erase operation. The
user must place two NOP instructions after the WR bit is
set. The processor will halt internal operations for the
typical 2 ms erase time. This is not Sleep mode as the
clocks and peripherals will continue to run. After the
erase cycle, the processor will resume operation with
the third instruction after the PMCON1 write instruction.

FIGURE 10-4: FLASH PROGRAM 
MEMORY ERASE 
FLOWCHART 

Note 1: See Figure 10-3.

Start
Erase Operation

End
Erase Operation

Disable Interrupts
(GIE = 0)

Select
Program or Configuration Memory

(CFGS)

Select Erase Operation
(FREE = 1)

Select Row Address
(PMADRH:PMADRL)

Enable Write/Erase Operation
(WREN = 1)

Unlock Sequence
(See Note 1)

Re-enable Interrupts
(GIE = 1)

Disable Write/Erase Operation
(WREN = 0)

CPU stalls while
Erase operation completes

(2 ms typical)

Rev. 10-000048A
7/30/2013
 2016 Microchip Technology Inc. DS40001782C-page 105



PIC16(L)F1574/5/8/9
10.6 Register Definitions: Flash Program Memory Control

                          

             

             

REGISTER 10-1: PMDATL: PROGRAM MEMORY DATA LOW BYTE REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

PMDAT<7:0>

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 PMDAT<7:0>: Read/write value for Least Significant bits of program memory

REGISTER 10-2: PMDATH: PROGRAM MEMORY DATA HIGH BYTE REGISTER

U-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

— — PMDAT<13:8>

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 7-6 Unimplemented: Read as ‘0’

bit 5-0 PMDAT<13:8>: Read/write value for Most Significant bits of program memory

REGISTER 10-3: PMADRL: PROGRAM MEMORY ADDRESS LOW BYTE REGISTER

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

PMADR<7:0>

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 PMADR<7:0>: Specifies the Least Significant bits for program memory address 

REGISTER 10-4: PMADRH: PROGRAM MEMORY ADDRESS HIGH BYTE REGISTER

U-1 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

—(1) PMADR<14:8>

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 Unimplemented: Read as ‘1’

bit 6-0 PMADR<14:8>: Specifies the Most Significant bits for program memory address

Note 1: Unimplemented, read as ‘1’.
DS40001782C-page 114  2016 Microchip Technology Inc.
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11.1 PORTA Registers

11.1.1 DATA REGISTER

PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 11-2). 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 11-1 shows how to initialize an I/O port.

Reading the PORTA register (Register 11-1) 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).

11.1.2 DIRECTION CONTROL

The TRISA register (Register 11-2) 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’.

11.1.3 OPEN-DRAIN CONTROL

The ODCONA register (Register 11-6) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONA bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONA bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

11.1.4 SLEW RATE CONTROL

The SLRCONA register (Register 11-7) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONA bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONA bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.1.5 INPUT THRESHOLD CONTROL

The INLVLA register (Register 11-8) 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 Table 27-4 for more information on
threshold levels.

11.1.6 ANALOG CONTROL

The ANSELA register (Register 11-4) 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 effect 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 11-1: 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 bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

; This code example illustrates 
; initializig the PORTA register. The
; other ports are initialized in the same
; manner.

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
DS40001782C-page 118  2016 Microchip Technology Inc.
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REGISTER 11-20: ANSELC: PORTC ANALOG SELECT REGISTER

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

ANSC7(2) ANSC6(2) — — ANSC3 ANSC2 ANSC1 ANSC0

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 7-6 ANSC<7:6>: Analog Select between Analog or Digital Function on pins RC<7:6>, respectively(1, 2)

0 = Digital I/O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(1). Digital input buffer disabled.

bit 5-4 Unimplemented: Read as ‘0’

bit 3-0 ANSC<3:0>: Analog Select between Analog or Digital Function on pins RC<3:0>, respectively(1)

0 = Digital I/O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(1). Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to 
allow external control of the voltage on the pin.

2: ANSC<7:6> are available on PIC16(L)F1578/9 only.

REGISTER 11-21: WPUC: WEAK PULL-UP PORTC REGISTER

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

WPUC7(3) WPUC6(3) WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUC0

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 WPUC<7:0>: Weak Pull-up Register bits(3)

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global WPUEN bit of the OPTION_REG register must be cleared for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is configured as an output.
3: WPUC<7:6> are available on PIC16(L)F1578/9 only.
DS40001782C-page 132  2016 Microchip Technology Inc.
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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
>

20 MHz 16 MHz 8 MHz 4 MHz 1 MHz

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

Fosc/4 100 200 ns 250 ns 500 ns 1.0 s 4.0 s

Fosc/8 001 400 ns 500 ns 1.0 s 2.0 s 8.0 s

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

Fosc/32 010 1.6 s 2.0 s 4.0 s 8.0 s 32.0 s

Fosc/64 110 3.2 s 4.0 s 8.0 s 16.0 s 64.0 s

FRC x11 1.0-6.0 s 1.0-6.0 s 1.0-6.0 s 1.0-6.0 s 1.0-6.0 s

Legend: Shaded cells are outside of recommended range.

Note: The TAD period when using the FRC clock source can fall within a specified range, (see TAD parameter).
The TAD period when using the FOSC-based clock source can be configured for a more precise TAD period.
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 TAD9 TAD10 TAD11

Set GO bit

Conversion Starts

Holding capacitor disconnected
from analog input (THCD).

On the following cycle:

ADRESH:ADRESL is loaded,
GO bit is cleared,

ADIF bit is set,
holding capacitor is reconnected to analog input.

b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Enable ADC (ADON bit)
and

Select channel (ACS bits)

THCD

TACQ

Rev. 10-000035A
7/30/2013
DS40001782C-page 154  2016 Microchip Technology Inc.
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REGISTER 16-2: ADCON1: ADC CONTROL REGISTER 1

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

ADFM ADCS<2:0> — — ADPREF<1:0>

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 ADFM: ADC Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0’ when the conversion result is

loaded.
0 = Left justified. Six Least Significant bits of ADRESL are set to ‘0’ when the conversion result is

loaded.

bit 6-4 ADCS<2:0>: ADC Conversion Clock Select bits
000 = FOSC/2
001 = FOSC/8
010 = FOSC/32
011 = FRC (clock supplied from an internal RC oscillator)
100 = FOSC/4
101 = FOSC/16
110 = FOSC/64
111 = FRC (clock supplied from an internal RC oscillator)

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 ADPREF<1:0>: ADC Positive Voltage Reference Configuration bits
00 = VRPOS is connected to VDD

01 = Reserved
10 = VRPOS is connected to external VREF+ pin(1)

11 = VRPOS is connected to internal Fixed Voltage Reference (FVR)

Note 1: When selecting the VREF+ pin as the source of the positive reference, be aware that a minimum voltage 
specification exists. See Section 27.0 “Electrical Specifications” for details.
 2016 Microchip Technology Inc. DS40001782C-page 159
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FIGURE 16-5: ANALOG INPUT MODEL     

FIGURE 16-6: ADC TRANSFER FUNCTION

Note 1: Refer to Section 27.0 “Electrical Specifications”.

VDD

Analog 
Input pin

CPIN
5pF

VT  0.6V

VT  0.6V

ILEAKAGE(1)

RIC  1K

Legend: CHOLD = Sample/Hold Capacitance
CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to varies injunctions
RIC = Interconnect Resistance
RSS = Resistance of Sampling switch
SS = Sampling Switch
VT = Threshold Voltage

VA

RS RSSSS

Sampling 
switch

CHOLD = 12.5 pF

Ref-

5 6 7 8 91011

2V
3V
4V
5V
6V

VDD RSS

Sampling Switch
(k  )

Rev. 10-000070B
8/5/2014
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3FDh

3FCh

03h

02h

01h

00h

Full-Scale

3FBh

0.5 LSB
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Transition

Ref+Transition

1.5 LSB

Full-Scale Range

Analog Input Voltage
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TABLE 20-5: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1 

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

ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSA0 121

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 86

OSCSTAT — PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS 70

PIE1 TMR1GIE ADIE RCIE TXIE — — TMR2IE TMR1IE 87

PIR1 TMR1GIF ADIF RCIF TXIF — — TMR2IF TMR1IF 91

TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Count 183*

TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Count 183*

TRISA — — TRISA5 TRISA4 —(1) TRISA2 TRISA1 TRISA0 120

T1CON TMR1CS<1:0> T1CKPS<1:0> — T1SYNC — TMR1ON 186

T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/
DONE

T1GVAL T1GSS<1:0> 187

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by the Timer1 module.
* Page provides register information.

Note 1: Unimplemented, read as ‘1’.
2: PIC16(L)F1575 only.
DS40001782C-page 188  2016 Microchip Technology Inc.
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FIGURE 22-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION 

FIGURE 22-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP 

Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4

OSC1

WUE bit

RX/DT Line

RCIF

Bit set by user Auto Cleared

Cleared due to User Read of RCREG

Note 1: The EUSART remains in Idle while the WUE bit is set.

Q1Q2Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4

OSC1

WUE bit

RX/DT Line

RCIF

Bit Set by User Auto Cleared

Cleared due to User Read of RCREG
Sleep Command Executed

Note 1

Note 1: If the wake-up event requires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the stposc signal is
still active. This sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.

Sleep Ends
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22.5.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the EUSART
for synchronous slave operation:

• SYNC = 1

• CSRC = 0

• SREN = 0 (for transmit); SREN = 1 (for receive)

• CREN = 0 (for transmit); CREN = 1 (for receive)

• SPEN = 1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
EUSART. 

22.5.2.1 EUSART Synchronous Slave 
Transmit

The operation of the Synchronous Master and Slave
modes are identical (see Section
22.5.1.3 “Synchronous Master Transmission”),
except in the case of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in the TXREG
register.

3. The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

22.5.2.2 Synchronous Slave Transmission 
Set-up:

1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the ANSEL bit for the CK pin (if applicable).

3. Clear the CREN and SREN bits.

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

5. If 9-bit transmission is desired, set the TX9 bit.

6. Enable transmission by setting the TXEN bit.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Start transmission by writing the Least
Significant eight bits to the TXREG register.

TABLE 22-9: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE 
TRANSMISSION 

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

BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 204

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 86

PIE1 TMR1GIE ADIE RCIE TXIE — — TMR2IE TMR1IE 87

PIR1 TMR1GIF ADIF RCIF TXIF — — TMR2IF TMR1IF 90

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 203

TXREG EUSART Transmit Data Register 194*

TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 202

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous slave transmission.

* Page provides register information.
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23.3 Offset Modes

The Offset modes provide the means to adjust the
waveform of a slave PWM module relative to the wave-
form of a master PWM module in the same device.

23.3.1 INDEPENDENT RUN MODE

In Independent Run mode (OFM = 00), the PWM
module is unaffected by the other PWM modules in the
device. The PWMxTMR associated with the PWM
module in this mode starts counting as soon as the EN
bit associated with this PWM module is set and contin-
ues counting until the EN bit is cleared. Period events
reset the PWMxTMR to zero after which the timer
continues to count.

A detailed timing diagram of this mode used with
Standard PWM mode is shown in Figure 23-8.

23.3.2 SLAVE RUN MODE WITH SYNC 
START

In Slave Run mode with Sync Start (OFM = 01), the
slave PWMxTMR waits for the master’s OF_match
event. When this event occurs, if the EN bit is set, the
PWMxTMR begins counting and continues to count
until software clears the EN bit. Slave period events
reset the PWMxTMR to zero after which the timer
continues to count.

A detailed timing diagram of this mode used with
Standard PWM mode is shown in Figure 23-9.

23.3.3 ONE-SHOT SLAVE MODE WITH 
SYNC START

In One-Shot Slave mode with Synchronous Start
(OFM = 10), the slave PWMxTMR waits until the mas-
ter’s OF_match event. The timer then begins counting,
starting from the value that is already in the timer and
continues to count until the period match event. When
the period event occurs, the timer resets to zero and
stops counting. The timer then waits until the next master
OF_match event, after which it begins counting again to
repeat the cycle. An OF_match event that occurs before
the slave PWM has completed the previously triggered
period will be ignored. A slave period that is greater than
the master period, but less than twice the master period,
will result in a slave output every other master period.

A detailed timing diagram of this mode used with
Standard PWM mode is shown in Figure 23-10.

23.3.4 CONTINUOUS RUN SLAVE MODE 
WITH SYNC START AND TIMER 
RESET

In Continuous Run Slave mode with Synchronous Start
and Timer Reset (OFM = 11) the slave PWMxTMR is
inhibited from counting after the slave PWM enable is
set. The first master OF_match event starts the slave
PWMxTMR. Subsequent master OF_match events
reset the slave PWMxTMR timer value back to 1 after
which the slave PWMxTMR continues to count. The
next master OF_match event resets the slave
PWMxTMR back to 1 to repeat the cycle. Slave period
events that occur before the master’s OF_match event
will reset the slave PWMxTMR to zero after which the
timer will continue to count. Slaves operating in this
mode must have a PWMxPH register pair value equal
to or greater than 1, otherwise, the phase match event
will not occur precluding the start of the PWM output
duty cycle.

The offset timing will persist If both the master and
slave PWMxPR values are the same and the Slave
Offset mode is changed to Independent Run mode
while the PWM module is operating.

A detailed timing diagram of this mode used in
Standard PWM mode is shown in Figure 23-11.

23.3.5 OFFSET MATCH IN 
CENTER-ALIGNED MODE

When a master is operating in Center-Aligned mode
the offset match event depends on which direction the
PWMxTMR is counting. Clearing the OFO bit of the
PWMxOFCON register will cause the OF_match event
to occur when the timer is counting up. Setting the OFO
bit of the PWMxOFCON register will cause the
OF_match event to occur when the timer is counting
down. The OFO bit is ignored in non-center-aligned
modes.

The OFO bit is double buffered and requires setting the
LDA bit to take effect when the PWM module is operat-
ing.

Detailed timing diagrams of Center-Aligned mode
using offset match control in Independent Slave with
Sync Start mode can be seen in Figure 23-12 and
Figure 23-13.

Note: During the time the slave timers are
resetting to zero, if another Offset Match
event is received, it is possible that the slave
PWM would not recognize this match event
and the slave timers would fail to begin
counting again. This would result in missing
duty cycles from the output of the slave
PWM. To prevent this from happening,
avoid using the same period for both the
master and slave PWM’s.

Note: Unexpected results will occur if the slave
PWM_clock is a higher frequency than the
master PWM_clock.
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REGISTER 23-4: PWMxCLKCON: PWM CLOCK CONTROL REGISTER

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

— PS<2:0> — — CS<1:0>

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 Unimplemented: Read as ‘0’

bit 6-4 PS<2:0>: Clock Source Prescaler Select bits
111 = Divide clock source by 128
110 = Divide clock source by 64
101 = Divide clock source by 32
100 = Divide clock source by 16
011 = Divide clock source by 8
010 = Divide clock source by 4
001 = Divide clock source by 2
000 = No Prescaler

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 CS<1:0>: Clock Source Select bits
11 = Reserved
10 = LFINTOSC (continues to operate during Sleep)
01 = HFINTOSC (continues to operate during Sleep)
00 = FOSC
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24.12 Register Definitions: CWG Control

             
REGISTER 24-1: CWGxCON0: CWG CONTROL REGISTER 0

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

GxEN — — GxPOLB GxPOLA — — GxCS0

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 GxEN: CWGx Enable bit
1 = Module is enabled
0 = Module is disabled

bit 6-5 Unimplemented: Read as ‘0’

bit 4 GxPOLB: CWGxB Output Polarity bit
1 = Output is inverted polarity
0 = Output is normal polarity

bit 3 GxPOLA: CWGxA Output Polarity bit
1 = Output is inverted polarity
0 = Output is normal polarity

bit 2-1 Unimplemented: Read as ‘0’

bit 0 GxCS0: CWGx Clock Source Select bit
1 = HFINTOSC
0 = FOSC
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TABLE 26-3: ENHANCED MID-RANGE INSTRUCTION SET (CONTINUED)

Mnemonic,
Operands

Description Cycles
14-Bit Opcode Status

Affected
Notes

MSb LSb

CONTROL OPERATIONS

BRA
BRW
CALL
CALLW
GOTO
RETFIE
RETLW
RETURN

k
–
k
–
k
k
k
–

Relative Branch
Relative Branch with W
Call Subroutine
Call Subroutine with W
Go to address
Return from interrupt
Return with literal in W
Return from Subroutine

2
2
2
2
2
2
2
2

11
00
10
00
10
00
11
00

001k
0000
0kkk
0000
1kkk
0000
0100
0000

kkkk
0000
kkkk
0000
kkkk
0000
kkkk
0000

kkkk
1011
kkkk
1010
kkkk
1001
kkkk
1000

INHERENT OPERATIONS

CLRWDT
NOP
OPTION
RESET
SLEEP
TRIS

–
–
–
–
–
f

Clear Watchdog Timer
No Operation
Load OPTION_REG register with W
Software device Reset
Go into Standby mode
Load TRIS register with W

1
1
1
1
1
1

00
00
00
00
00
00

0000
0000
0000
0000
0000
0000

0110
0000
0110
0000
0110
0110

0100
0000
0010
0001
0011
0fff

TO, PD

TO, PD

C-COMPILER OPTIMIZED

ADDFSR
MOVIW

MOVWI

n, k
n mm

k[n]
n mm

k[n]

Add Literal k to FSRn
Move Indirect FSRn to W with pre/post inc/dec 
modifier, mm
Move INDFn to W, Indexed Indirect.
Move W to Indirect FSRn with pre/post inc/dec 
modifier, mm
Move W to INDFn, Indexed Indirect.

1
1

1
1

1

11
00

11
00

11

0001
0000

1111
0000

1111

0nkk
0001

0nkk
0001

1nkk

kkkk
0nmm
kkkk
1nmm
kkkk

Z

Z

2, 3

2
2, 3

2

Note 1: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle 
is executed as a NOP.

2: If this instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require 
one additional instruction cycle.

3: See Table in the MOVIW and MOVWI instruction descriptions.
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FIGURE 28-1: IDD, EC Oscillator, 
Low-Power Mode, FOSC = 32 kHz, 
PIC16LF1574/5/8/9 Only.

FIGURE 28-2: IDD, EC Oscillator, 
Low-Power Mode, FOSC = 32 kHz, 
PIC16F1574/5/8/9 Only.
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FIGURE 28-3: IDD, EC Oscillator, 
Low-Power Mode, FOSC = 500 kHz, 
PIC16LF1574/5/8/9 Only.

FIGURE 28-4: IDD, EC Oscillator, 
Low-Power Mode, FOSC = 500 kHz, 
PIC16F1574/5/8/9 Only.
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FIGURE 28-5: IDD Typical, EC Oscillator, 
Medium Power Mode, PIC16LF1574/5/8/9 Only.

FIGURE 28-6: IDD Maximum, EC Oscillator, 
Medium Power Mode, PIC16LF1574/5/8/9 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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