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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

Details

Product Status Obsolete

Core Processor PIC

Core Size 8-Bit

Speed 16MHz

Connectivity -

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 3

Program Memory Size 448B (256 x 14)

Program Memory Type FLASH

EEPROM Size -

RAM Size 64 x 8

Voltage - Supply (Vcc/Vdd) 2.3V ~ 5.5V

Data Converters A/D 3x8b

Oscillator Type Internal

Operating Temperature -40°C ~ 125°C (TA)

Mounting Type Surface Mount

Package / Case SOT-23-6

Supplier Device Package SOT-23-6
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TABLE 6-1: 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

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 40

IOCAF — — — — IOCAF3 IOCAF2 IOCAF1 IOCAF0 76

IOCAN — — — — IOCAN3 IOCAN2 IOCAN1 IOCAN0 75

IOCAP — — — — IOCAP3 IOCAP2 IOCAP1 IOCAP0 75

OPTION_REG WPUEN INTEDG T0CS T0SE PSA PS<2:0> 95

PIE1 — ADIE — NCO1IE CLC1IE — TMR2IE — 41

PIR1 — ADIF — NCO1IF CLC1IF — TMR2IF — 42

Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Interrupts.
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3 Modifying Flash Program Memory

en modifying existing data in a program memory
, and data within that row must be preserved, it must
t be read and saved in a RAM image. Program
mory is modified using the following steps:

Load the starting address of the row to be
modified.

Read the existing data from the row into a RAM
image.

Modify the RAM image to contain the new data
to be written into program memory.

Load the starting address of the row to be
rewritten.

Erase the program memory row.

Load the write latches with data from the RAM
image.

Initiate a programming operation.

FIGURE 9-7: FLASH PROGRAM 
MEMORY MODIFY 
FLOWCHART 

Start 
Modify Operation

Read Operation
(Figure x.x)

Erase Operation
(Figure x.x)

Modify Image
The words to be modified are 
changed in the RAM image

End 
Modify Operation

Write Operation
use RAM image 

(Figure x.x)

An image of the entire row read 
must be stored in RAM 

Figure 9-2

Figure 9-4

Figure 9-5
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9.6 Flash Program Memory Control Registers

                          

REGISTER 9-1: PMDATL: PROGRAM MEMORY DATA LOW

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 

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>: The value of the program memory word pointed to by PMADRH and PMADRL after a
Program Memory Read command.

REGISTER 9-2: PMDATH: PROGRAM MEMORY DATA HIGH

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 

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>: The value of the program memory word pointed to by PMADRH and PMADRL after a
Program Memory Read command.
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BLE 10-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

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

SELA — — — — — ANSA2 ANSA1 ANSA0 70

CAF — — — — IOCAF3 IOCAF2 IOCAF1 IOCAF0 76

CAN — — — — IOCAN3 IOCAN2 IOCAN1 IOCAN0 75

CAP — — — — IOCAP3 IOCAP2 IOCAP1 IOCAP0 75

TA — — — — — LATA2 LATA1 LATA0 70

RTA — — — — RA3 RA2 RA1 RA0 69

ISA — — — — —(1) TRISA2 TRISA1 TRISA0 69

PUA — — — — WPUA3 WPUA2 WPUA1 WPUA0 71

gend: x  = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by 
PORTA.

ote 1: Unimplemented, read as ‘1’.
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11.0 INTERRUPT-ON-CHANGE

The PORTA pins can be configured to operate as
Interrupt-On-Change (IOC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual PORTA pin, or
combination of PORTA pins, can be configured to
generate an interrupt. The Interrupt-on-change module
has the following features:

• Interrupt-on-Change enable (Master Switch)

• Individual pin configuration

• Rising and falling edge detection

• Individual pin interrupt flags

Figure 11-1 is a block diagram of the IOC module.

11.1 Enabling the Module

To allow individual PORTA pins to generate an interrupt,
the IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

11.2 Individual Pin Configuration

For each PORTA pin, a rising edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, the associated IOCAPx bit of the IOCAP
register is set. To enable a pin to detect a falling edge,
the associated IOCANx bit of the IOCAN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting both the IOCAPx bit
and the IOCANx bit of the IOCAP and IOCAN registers,
respectively.

11.3 Interrupt Flags

The IOCAFx bits located in the IOCAF register a
status flags that correspond to the interrupt-on-chang
pins of PORTA. If an expected edge is detected on a
appropriately enabled pin, then the status flag for that p
will be set, and an interrupt will be generated if the IOC
bit is set. The IOCIF bit of the INTCON register reflec
the status of all IOCAFx bits.

11.4 Clearing Interrupt Flags

The individual status flags, (IOCAFx bits), can b
cleared by resetting them to zero. If another edge 
detected during this clearing operation, the associate
status flag will be set at the end of the sequenc
regardless of the value actually being written.

In order to ensure that no detected edge is lost wh
clearing flags, only AND operations masking out know
changed bits should be performed. The followin
sequence is an example of what should be performed

EXAMPLE 11-1: CLEARING INTERRUPT 
FLAGS

11.5 Operation in Sleep

The interrupt-on-change interrupt sequence will wak
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCA
register will be updated prior to the first instructio
executed out of Sleep. 

MOVLW 0xff
XORWF IOCAF, W
ANDWF IOCAF, F
 2011-2015 Microchip Technology Inc. DS40001585D-page 73
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TABLE 15-1: ADC CLOCK PERIOD (TAD) VS. DEVICE OPERATING FREQUENCIES 

FIGURE 15-2: ANALOG-TO-DIGITAL CONVERSION TAD CYCLES 

ADC Clock Period (TAD) Device Frequency (FOSC)

ADC
Clock Source

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

FOSC/2 000 125 ns(1) 250 ns(1) 500 ns(1) 2.0 s

FOSC/4 100 250 ns(1) 500 ns(1) 1.0 s 4.0 s

FOSC/8 001 0.5 s(1) 1.0 s 2.0 s 8.0 s(2)

FOSC/16 101 1.0 s 2.0 s 4.0 s 16.0 s(2)

FOSC/32 010 2.0 s 4.0 s 8.0 s(2) 32.0 s(2)

FOSC/64 110 4.0 s 8.0 s(2) 16.0 s(2) 64.0 s(2)

FRC x11 1.0-6.0 s(1,3) 1.0-6.0 s(1,3) 1.0-6.0 s(1,3) 1.0-6.0 s(1,3)

Legend: Shaded cells are outside of recommended range.
Note 1: These values violate the minimum required TAD time.

2: For faster conversion times, the selection of another clock source is recommended.
3: 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

Set GO bit 

Holding capacitor is disconnected from analog input

TAD9TCY - TAD

ADRES is loaded, GO bit is cleared, 
ADIF bit is set, holding capacitor is 

Conversion starts 

b7 b4 b3 b2 b1 b0b6 b5

On the following cycle: 

(typically 100 ns) 

connected to analog input. 
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18.2 PWM Register Definitions

  
REGISTER 18-1: PWMxCON: PWM CONTROL REGISTER

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

PWMxEN PWMxOE PWMxOUT PWMxPOL — — — —

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 PWMxEN: PWM Module Enable bit

1 = PWM module is enabled
0 = PWM module is disabled

bit 6 PWMxOE: PWM Module Output Enable bit

1 = Output to PWMx pin is enabled
0 = Output to PWMx pin is disabled

bit 5 PWMxOUT: PWM Module Output Value bit

bit 4 PWMxPOL: PWMx Output Polarity Select bit

1 = PWM output is active-low.
0 = PWM output is active-high.

bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 19-4: CLCxSEL1: MULTIPLEXER DATA 3 AND 4 SELECT REGISTER

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

— LCxD4S<2:0>(1) — LCxD3S<2:0>(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      

bit 7 Unimplemented: Read as ‘0’

bit 6-4 LCxD4S<2:0>: Input Data 4 Selection Control bits(1)

111  = CLCxIN[7] is selected for lcxd4.
110  = CLCxIN[6] is selected for lcxd4.
101  = CLCxIN[5] is selected for lcxd4
100  = CLCxIN[4] is selected for lcxd4.
011  = CLCxIN[3] is selected for lcxd4.
010  = CLCxIN[2] is selected for lcxd4.
001  = CLCxIN[1] is selected for lcxd4.
000  = CLCxIN[0] is selected for lcxd4.

bit 3 Unimplemented: Read as ‘0’

bit 2-0 LCxD3S<2:0>: Input Data 3 Selection Control bits(1)

111  = CLCxIN[7] is selected for lcxd3.
110  = CLCxIN[6] is selected for lcxd3.
101  = CLCxIN[5] is selected for lcxd3.
100  = CLCxIN[4] is selected for lcxd3.
011  = CLCxIN[3] is selected for lcxd3.
010  = CLCxIN[2] is selected for lcxd3.
001  = CLCxIN[1] is selected for lcxd3.
000  = CLCxIN[0] is selected for lcxd3.

Note 1: See Table 19-1 for signal names associated with inputs.
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20.0 NUMERICALLY CONTROLLED 
OSCILLATOR (NCO) MODULE

The Numerically Controlled Oscillator (NCOx) module
is a timer that uses the overflow from the addition of an
increment value to divide the input frequency. The
advantage of the addition method over simple counter
driven timer is that the resolution of division does not
vary with the divider value. The NCOx is most useful for
applications that requires frequency accuracy and fine
resolution at a fixed duty cycle. 

Features of the NCOx include:

• 16-bit increment function
• Fixed Duty Cycle (FDC) mode
• Pulse Frequency (PF) mode
• Output pulse width control
• Multiple clock input sources
• Output polarity control
• Interrupt capability

Figure 20-1 is a simplified block diagram of the NCOx
module.
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20.5 Interrupts

When the Accumulator overflows, the NCOx Interrupt
Flag bit, NCOxIF, of the PIR1 register is set. To enable
this interrupt event, the following bits must be set:

• NxEN bit of the NCOxCON register
• NCOxIE bit of the PIE1 register
• PEIE bit of the INTCON register
• GIE bit of the INTCON register

The interrupt must be cleared by software by clearing
the NCOxIF bit in the Interrupt Service Routine.

20.6 Effects of a Reset

All of the NCOx registers are cleared to zero as the
result of a Reset.

20.7 Operation In Sleep

The NCO module operates independently from the
system clock and will continue to run during Sleep,
provided that the clock source selected remains active.

The HFINTOSC remains active during Sleep when the
NCO module is enabled and the HFINTOSC is
selected as the clock source, regardless of the system
clock source selected.

In other words, if the HFINTOSC is simultaneously
selected as the system clock and the NCO clock
source, when the NCO is enabled, the CPU will go idle
during Sleep, but the NCO will continue to operate and
the HFINTOSC will remain active.

This will have a direct effect on the Sleep mode current.
DS40001585D-page 124  2011-2015 Microchip Technology Inc.



• Low-Power 16 MHz Internal Oscillator:
- Software selectable frequency range from   

16 MHz to 31 kHz
- Factory calibrated to �r 1%, typical

• Wide Operating Range:
- 1.8V to 3.6V (PIC10LF320/322)
- 2.3V to 5.5V (PIC10F320/322)

• Power-On Reset (POR) 
• Power-up Timer (PWRT)
• Brown-Out Reset (BOR)
• Ultra Low-Power Sleep Regulator
• Extended Watchdog Timer (WDT)










