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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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PIC12F609/615/617/12HV609/615
FIGURE 1-2: PIC12F615/617/HV615 BLOCK DIAGRAM
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FIGURE 2-4: DATA MEMORY MAP OF 
THE PIC12F615/617/HV615 
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2.2.2.2 OPTION Register

The OPTION register is a readable and writable
register, which contains various control bits to
configure:

• Timer0/WDT prescaler

• External GP2/INT interrupt

• Timer0

• Weak pull-ups on GPIO              

Note: To achieve a 1:1 prescaler assignment for
Timer0, assign the prescaler to the WDT
by setting PSA bit to ‘1’ of the OPTION
register. See Section 6.1.3 “Software
Programmable Prescaler”.

REGISTER 2-2: OPTION_REG: OPTION REGISTER

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

GPPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 GPPU: GPIO Pull-up Enable bit

1 = GPIO pull-ups are disabled
0 = GPIO pull-ups are enabled by individual PORT latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of GP2/INT pin
0 = Interrupt on falling edge of GP2/INT pin

bit 5 T0CS: Timer0 Clock Source Select bit

1 = Transition on GP2/T0CKI pin
0 = Internal instruction cycle clock (FOSC/4)

bit 4 T0SE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on GP2/T0CKI pin
0 = Increment on low-to-high transition on GP2/T0CKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits

000
001
010
011
100
101
110
111

1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128
1 : 256

1 : 1
1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128

BIT VALUE TIMER0 RATE WDT RATE
 2010 Microchip Technology Inc. DS41302D-page 19
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REGISTER 5-3: ANSEL: ANALOG SELECT REGISTER (PIC12F609/HV609)

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

— — — — ANS3 — ANS1 ANS0

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-4 Unimplemented: Read as ‘0’

bit 3 ANS3: Analog Select Between Analog or Digital Function on Pin GP4
1 = Analog input. Pin is assigned as analog input(1).
0 = Digital I/O. Pin is assigned to port or special function.

bit 2 Unimplemented: Read as ‘0’

bit 1 ANS1: Analog Select Between Analog or Digital Function on Pin GP1
1 = Analog input. Pin is assigned as analog input.(1)

0 = Digital I/O. Pin is assigned to port or special function.

bit 0 ANS0: Analog Select Between Analog or Digital Function on Pin GP0
0 = Digital I/O. Pin is assigned to port or special function.
1 = Analog input. Pin is assigned as analog input.(1)

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry, weak pull-ups, and interrupt-on-
change if available. The corresponding TRIS bit must be set to Input mode in order to allow external control of 
the voltage on the pin.

REGISTER 5-4: ANSEL: ANALOG SELECT REGISTER (PIC12F615/617/HV615)

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

— ADCS2 ADCS1 ADCS0 ANS3 ANS2 ANS1 ANS0

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 Unimplemented: Read as ‘0’

bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 = FOSC/2
001 = FOSC/8
010 = FOSC/32
x11 = FRC (clock derived from a dedicated internal oscillator = 500 kHz max)
100 = FOSC/4
101 = FOSC/16
110 = FOSC/64

bit 3-0 ANS<3:0>: Analog Select Between Analog or Digital Function on Pins GP4, GP2, GP1, GP0, respectively. 
1 = Analog input. Pin is assigned as analog input(1).
0 = Digital I/O. Pin is assigned to port or special function.

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry, weak pull-ups, and interrupt-on-
change if available. The corresponding TRIS bit must be set to Input mode in order to allow external control of 
the voltage on the pin.
 2010 Microchip Technology Inc. DS41302D-page 45
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5.2.4.3 GP2/AN2(1)/T0CKI/INT/COUT/
CCP1(1)/P1A(1)

Figure 5-2 shows the diagram for this pin. The GP2 pin
is configurable to function as one of the following:

• a general purpose I/O

• an analog input for the ADC(1)

• the clock input for TMR0

• an external edge triggered interrupt

• a digital output from Comparator

• a Capture input/Compare input/PWM output(1)

• a PWM output(1)

FIGURE 5-2: BLOCK DIAGRAM OF GP2

Note 1:  PIC12F615/617/HV615 only.
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6.1.3 SOFTWARE PROGRAMMABLE 
PRESCALER

A single software programmable prescaler is available
for use with either Timer0 or the Watchdog Timer
(WDT), but not both simultaneously. The prescaler
assignment is controlled by the PSA bit of the OPTION
register. To assign the prescaler to Timer0, the PSA bit
must be cleared to a ‘0’.

There are 8 prescaler options for the Timer0 module
ranging from 1:2 to 1:256. The prescale values are
selectable via the PS<2:0> bits of the OPTION register.
In order to have a 1:1 prescaler value for the Timer0
module, the prescaler must be assigned to the WDT
module.

The prescaler is not readable or writable. When
assigned to the Timer0 module, all instructions writing to
the TMR0 register will clear the prescaler.

When the prescaler is assigned to WDT, a CLRWDT
instruction will clear the prescaler along with the WDT.

6.1.3.1 Switching Prescaler Between 
Timer0 and WDT Modules

As a result of having the prescaler assigned to either
Timer0 or the WDT, it is possible to generate an
unintended device Reset when switching prescaler
values. When changing the prescaler assignment from
Timer0 to the WDT module, the instruction sequence
shown in Example 6-1, must be executed.

EXAMPLE 6-1: CHANGING PRESCALER 
(TIMER0  WDT)

When changing the prescaler assignment from the
WDT to the Timer0 module, the following instruction
sequence must be executed (see Example 6-2).

EXAMPLE 6-2: CHANGING PRESCALER 
(WDT  TIMER0)

6.1.4 TIMER0 INTERRUPT

Timer0 will generate an interrupt when the TMR0
register overflows from FFh to 00h. The T0IF interrupt
flag bit of the INTCON register is set every time the
TMR0 register overflows, regardless of whether or not
the Timer0 interrupt is enabled. The T0IF bit must be
cleared in software. The Timer0 interrupt enable is the
T0IE bit of the INTCON register.

6.1.5 USING TIMER0 WITH AN 
EXTERNAL CLOCK

When Timer0 is in Counter mode, the synchronization
of the T0CKI input and the Timer0 register is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks.
Therefore, the high and low periods of the external
clock source must meet the timing requirements as
shown in Section 16.0 “Electrical Specifications”.

BANKSEL TMR0 ;
CLRWDT ;Clear WDT
CLRF TMR0 ;Clear TMR0 and

;prescaler
BANKSEL OPTION_REG ;
BSF OPTION_REG,PSA ;Select WDT
CLRWDT ;

;
MOVLW b’11111000’ ;Mask prescaler
ANDWF OPTION_REG,W ;bits
IORLW b’00000101’ ;Set WDT prescaler
MOVWF OPTION_REG ;to 1:32

Note: The Timer0 interrupt cannot wake the
processor from Sleep since the timer is
frozen during Sleep.

CLRWDT ;Clear WDT and
;prescaler

BANKSEL OPTION_REG ;
MOVLW b’11110000’ ;Mask TMR0 select and
ANDWF OPTION_REG,W ;prescaler bits 
IORLW b’00000011’ ;Set prescale to 1:16 
MOVWF OPTION_REG ;
DS41302D-page 54  2010 Microchip Technology Inc.
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER0

REGISTER 6-1: OPTION_REG: OPTION REGISTER

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

GPPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 GPPU: GPIO Pull-up Enable bit

1 = GPIO pull-ups are disabled
0 = GPIO pull-ups are enabled by individual PORT latch values in WPU register

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin

bit 5 T0CS: TMR0 Clock Source Select bit

1 = Transition on T0CKI pin
0 = Internal instruction cycle clock (FOSC/4)

bit 4 T0SE: TMR0 Source Edge Select bit

1 = Increment on high-to-low transition on T0CKI pin
0 = Increment on low-to-high transition on T0CKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits

000
001
010
011
100
101
110
111

1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128
1 : 256

1 : 1
1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128

BIT VALUE TMR0 RATE WDT RATE

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

POR, BOR

Value on
all other
Resets

TMR0 Timer0 Module Register xxxx xxxx uuuu uuuu

INTCON GIE PEIE T0IE INTE GPIE T0IF INTF GPIF 0000 000x 0000 000x

OPTION_REG GPPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

TRISIO — — TRISIO5 TRISIO4 TRISIO3 TRISIO2 TRISIO1 TRISIO0 --11 1111 --11 1111

Legend: – = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Timer0 
module.
 2010 Microchip Technology Inc. DS41302D-page 55
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7.0 TIMER1 MODULE WITH GATE 
CONTROL

The Timer1 module is a 16-bit timer/counter with the
following features:

• 16-bit timer/counter register pair (TMR1H:TMR1L)

• Programmable internal or external clock source

• 3-bit prescaler

• Optional LP oscillator

• Synchronous or asynchronous operation

• Timer1 gate (count enable) via comparator or 
T1G pin

• Interrupt on overflow

• Wake-up on overflow (external clock, 
Asynchronous mode only)

• Time base for the Capture/Compare function

• Special Event Trigger (with ECCP)

• Comparator output synchronization to Timer1 
clock

Figure 7-1 is a block diagram of the Timer1 module.

7.1 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. When used with an external clock source, the
module can be used as either a timer or counter.

7.2 Clock Source Selection

The TMR1CS bit of the T1CON register is used to select
the clock source. When TMR1CS = 0, the clock source
is FOSC/4. When TMR1CS = 1, the clock source is
supplied externally.

Clock Source TMR1CS T1ACS

FOSC/4 0 0

FOSC 0 1

T1CKI pin 1 x
 2010 Microchip Technology Inc. DS41302D-page 57
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FIGURE 7-1: TIMER1 BLOCK DIAGRAM   
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7.6 Timer1 Gate

Timer1 gate source is software configurable to be the
T1G pin (or the alternate T1G pin) or the output of the
Comparator. This allows the device to directly time
external events using T1G or analog events using the
Comparator. See the CMCON1 Register (Register 9-2)
for selecting the Timer1 gate source. This feature can
simplify the software for a Delta-Sigma A/D converter
and many other applications. For more information on
Delta-Sigma A/D converters, see the Microchip web site
(www.microchip.com).

Timer1 gate can be inverted using the T1GINV bit of
the T1CON register, whether it originates from the T1G
pin or the Comparator output. This configures Timer1
to measure either the active-high or active-low time
between events.

7.7 Timer1 Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

• Timer1 interrupt enable bit of the PIE1 register

• PEIE bit of the INTCON register

• GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

7.8 Timer1 Operation During Sleep

Timer1 can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

• TMR1ON bit of the T1CON register must be set

• TMR1IE bit of the PIE1 register must be set

• PEIE bit of the INTCON register must be set

The device will wake-up on an overflow and execute
the next instruction. If the GIE bit of the INTCON
register is set, the device will call the Interrupt Service
Routine (0004h).

7.9 ECCP Capture/Compare Time 
Base (PIC12F615/617/HV615 only)

The ECCP module uses the TMR1H:TMR1L register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPR1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPR1L register pair matches the value in
the TMR1H:TMR1L register pair. This event can be a
Special Event Trigger.

For more information, see Section 11.0 “Enhanced
Capture/Compare/PWM (With Auto-Shutdown and
Dead Band) Module (PIC12F615/617/HV615 only)”.

Note: TMR1GE bit of the T1CON register must
be set to use either T1G or COUT as the
Timer1 gate source. See Register 9-2 for
more information on selecting the Timer1
gate source.

Note: The TMR1H:TTMR1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.
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9.5 Comparator Interrupt Operation

The comparator interrupt flag can be set whenever
there is a change in the output value of the comparator.
Changes are recognized by means of a mismatch
circuit which consists of two latches and an exclusive-
or gate (see Figure 9-4 and Figure 9-5). One latch is
updated with the comparator output level when the
CMCON0 register is read. This latch retains the value
until the next read of the CMCON0 register or the
occurrence of a Reset. The other latch of the mismatch
circuit is updated on every Q1 system clock. A
mismatch condition will occur when a comparator
output change is clocked through the second latch on
the Q1 clock cycle. At this point the two mismatch
latches have opposite output levels which is detected
by the exclusive-or gate and fed to the interrupt
circuitry. The mismatch condition persists until either
the CMCON0 register is read or the comparator output
returns to the previous state.

The comparator interrupt is set by the mismatch edge
and not the mismatch level. This means that the
interrupt flag can be reset without the additional step of
reading or writing the CMCON0 register to clear the
mismatch registers. When the mismatch registers are
cleared, an interrupt will occur upon the comparator’s
return to the previous state, otherwise no interrupt will
be generated.

Software will need to maintain information about the
status of the comparator output, as read from the
CMCON1 register, to determine the actual change that
has occurred. 

The CMIF bit of the PIR1 register is the Comparator
Interrupt flag. This bit must be reset in software by
clearing it to ‘0’. Since it is also possible to write a '1' to
this register, an interrupt can be generated.

The CMIE bit of the PIE1 register and the PEIE and GIE
bits of the INTCON register must all be set to enable
comparator interrupts. If any of these bits are cleared,
the interrupt is not enabled, although the CMIF bit of
the PIR1 register will still be set if an interrupt condition
occurs. 

FIGURE 9-4: COMPARATOR 
INTERRUPT TIMING W/O 
CMCON0 READ 

FIGURE 9-5: COMPARATOR 
INTERRUPT TIMING WITH 
CMCON0 READ 

Note 1: A write operation to the CMCON0 register
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(COUT) should occur when a read
operation is being executed (start of the
Q2 cycle), then the CMIF of the PIR1
register interrupt flag may not get set.

2: When a comparator is first enabled, bias
circuitry in the comparator module may
cause an invalid output from the
comparator until the bias circuitry is
stable. Allow about 1 s for bias settling
then clear the mismatch condition and
interrupt flags before enabling
comparator interrupts.

Q1

Q3

CIN+

COUT

Set CMIF (edge)

CMIF

TRT

reset by software

Q1

Q3

CIN+

COUT

Set CMIF (edge)

CMIF

TRT

reset by softwarecleared by CMCON0 read
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10.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the operation of the ADC.

 

REGISTER 10-1: ADCON0: A/D CONTROL REGISTER 0

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

ADFM VCFG — CHS2 CHS1 CHS0 GO/DONE ADON

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7 ADFM: A/D Conversion Result Format Select bit

1 = Right justified
0 = Left justified

bit 6 VCFG: Voltage Reference bit

1 = VREF pin
0 = VDD

bit 5 Unimplemented: Read as ‘0’

bit 4-2 CHS<2:0>: Analog Channel Select bits

000 = Channel 00 (AN0)
001 = Channel 01 (AN1)
010 = Channel 02 (AN2)
011 = Channel 03 (AN3)
100 = CVREF

101 = 0.6V Reference
110 = 1.2V Reference
111 = Reserved. Do not use.

bit 1 GO/DONE: A/D Conversion Status bit

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle. 
      This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress

bit 0 ADON: ADC Enable bit

1 = ADC is enabled
0 = ADC is disabled and consumes no operating current

Note 1: When the CHS<2:0> bits change to select the 1.2V or 0.6V reference, the reference output voltage will 
have a transient. If the Comparator module uses this 0.6V reference voltage, the comparator output may 
momentarily change state due to the transient.
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TABLE 11-2: SUMMARY OF REGISTERS ASSOCIATED WITH CAPTURE    

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

POR, BOR

Value on
all other
Resets

CCP1CON P1M — DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0-00 0000 0-00 0000

CCPR1L Capture/Compare/PWM Register 1 Low Byte xxxx xxxx uuuu uuuu

CCPR1H Capture/Compare/PWM Register 1 High Byte xxxx xxxx uuuu uuuu

INTCON GIE PEIE T0IE INTE GPIE T0IF INTF GPIF 0000 0000 0000 0000

PIE1 — ADIE(1) CCP1IE(1) — CMIE — TMR2IE(1) TMR1IE -00- 0-00 -00- 0-00

PIR1 — ADIF(1) CCP1IF(1) — CMIF — TMR2IF(1) TMR1IF -00- 0-00 -00- 0-00

T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 uuuu uuuu

TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TRISIO — — TRISIO5 TRISIO4 TRISIO3 TRISIO2 TRISIO1 TRISIO0 --11 1111 --11 1111

Legend:  - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture.
Note 1: For PIC12F615/617/HV615 only.
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TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARE    

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

POR, BOR

Value on
all other
Resets

CCP1CON P1M — DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0-00 0000 0-00 0000

CCPR1L Capture/Compare/PWM Register 1 Low Byte xxxx xxxx uuuu uuuu

CCPR1H Capture/Compare/PWM Register 1 High Byte xxxx xxxx uuuu uuuu

INTCON GIE PEIE T0IE INTE GPIE T0IF INTF GPIF 0000 0000 0000 0000

PIE1 — ADIE(1) CCP1IE(1) — CMIE — TMR2IE(1) TMR1IE -00- 0-00 -00- 0-00

PIR1 — ADIF(1) CCP1IF(1) — CMIF — TMR2IF(1) TMR1IF -00- 0-00 -00- 0-00

T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 uuuu uuuu

TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TMR2 Timer2 Module Register 0000 0000 0000 0000

TRISIO — — TRISIO5 TRISIO4 TRISIO3 TRISIO2 TRISIO1 TRISIO0 --11 1111 --11 1111

Legend:  - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Compare.
Note 1: For PIC12F615/617/HV615 only.
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REGISTER 12-1: CONFIG: CONFIGURATION WORD REGISTER (ADDRESS: 2007h) FOR 

PIC12F609/615/HV609/615 ONLY

U-1 U-1 U-1 U-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— — — — BOREN1(1) BOREN0(1) IOSCFS CP(2) MCLRE(3) PWRTE WDTE FOSC2 FOSC1 FOSC0

bit 13 bit 0

Legend:

R = Readable bit

-n = Value at POR

W = Writable bit

‘1’ = Bit is set

P = Programmable

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 13-10            Unimplemented: Read as ‘1’

bit 9-8                BOREN<1:0>: Brown-out Reset Selection bits(1)

11 = BOR enabled
10 = BOR enabled during operation and disabled in Sleep
0x = BOR disabled

bit 7 IOSCFS: Internal Oscillator Frequency Select bit
1 = 8 MHz
0 = 4 MHz

bit 6 CP: Code Protection bit(2)

1 = Program memory code protection is disabled
0 = Program memory code protection is enabled

bit 5 MCLRE: MCLR Pin Function Select bit(3)

1 = MCLR pin function is MCLR
0 = MCLR pin function is digital input, MCLR internally tied to VDD

bit 4 PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

bit 3 WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled

bit 2-0 FOSC<2:0>: Oscillator Selection bits
111 =RC oscillator: CLKOUT function on GP4/OSC2/CLKOUT pin, RC on GP5/OSC1/CLKIN
110 =RCIO oscillator: I/O function on GP4/OSC2/CLKOUT pin, RC on GP5/OSC1/CLKIN
101 =INTOSC oscillator: CLKOUT function on GP4/OSC2/CLKOUT pin, I/O function on

GP5/OSC1/CLKIN
100 = INTOSCIO oscillator: I/O function on GP4/OSC2/CLKOUT pin, I/O function on

GP5/OSC1/CLKIN
011 =EC: I/O function on GP4/OSC2/CLKOUT pin, CLKIN on GP5/OSC1/CLKIN
010 =HS oscillator: High-speed crystal/resonator on GP4/OSC2/CLKOUT and GP5/OSC1/CLKIN
001 = XT oscillator: Crystal/resonator on GP4/OSC2/CLKOUT and GP5/OSC1/CLKIN
000 = LP oscillator: Low-power crystal on GP4/OSC2/CLKOUT and GP5/OSC1/CLKIN

Note 1: Enabling Brown-out Reset does not automatically enable Power-up Timer.
2: The entire program memory will be erased when the code protection is turned off.
3: When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.
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TABLE 12-5: INITIALIZATION CONDITION FOR REGISTERS (PIC12F615/617/HV615)

Register Address Power-on Reset
MCLR Reset
WDT Reset

Brown-out Reset(1)

Wake-up from Sleep through 
Interrupt

Wake-up from Sleep through 
WDT Time-out

W — xxxx xxxx uuuu uuuu uuuu uuuu

INDF 00h/80h xxxx xxxx xxxx xxxx uuuu uuuu

TMR0 01h xxxx xxxx uuuu uuuu uuuu uuuu

PCL 02h/82h 0000 0000 0000 0000 PC + 1(3)

STATUS 03h/83h 0001 1xxx 000q quuu(4) uuuq quuu(4)

FSR 04h/84h xxxx xxxx uuuu uuuu uuuu uuuu

GPIO 05h --x0 x000 --u0 u000 --uu uuuu

PCLATH 0Ah/8Ah ---0 0000 ---0 0000 ---u uuuu

INTCON 0Bh/8Bh 0000 0000 0000 0000 uuuu uuuu(2)

PIR1 0Ch -000 0-00 -000 0-00 -uuu u-uu(2)

TMR1L 0Eh xxxx xxxx uuuu uuuu uuuu uuuu

TMR1H 0Fh xxxx xxxx uuuu uuuu uuuu uuuu

T1CON 10h 0000 0000 uuuu uuuu -uuu uuuu

TMR2(1) 11h 0000 0000 0000 0000 uuuu uuuu

T2CON(1) 12h -000 0000 -000 0000 -uuu uuuu

CCPR1L(1) 13h xxxx xxxx uuuu uuuu uuuu uuuu

CCPR1H(1) 14h xxxx xxxx uuuu uuuu uuuu uuuu

CCP1CON(1) 15h 0-00 0000 0-00 0000 u-uu uuuu

PWM1CON(1) 16h 0000 0000 0000 0000 uuuu uuuu

ECCPAS(1) 17h 0000 0000 0000 0000 uuuu uuuu

VRCON 19h 0-00 0000 0-00 0000 u-uu uuuu

CMCON0 1Ah 0000 -0-0 0000 -0-0 uuuu -u-u

CMCON1 1Ch ---0 0-10 ---0 0-10 ---u u-qu

ADRESH(1) 1Eh xxxx xxxx uuuu uuuu uuuu uuuu

ADCON0(1) 1Fh 00-0 0000 00-0 0000 uu-u uuuu

OPTION_REG 81h 1111 1111 1111 1111 uuuu uuuu

TRISIO 85h --11 1111 --11 1111 --uu uuuu

PIE1 8Ch -00- 0-00 -00- 0-00 -uu- u-uu

PCON 8Eh ---- --0x ---- --uu(1, 5) ---- --uu

OSCTUNE 90h ---0 0000 ---u uuuu ---u uuuu

PR2 92h 1111 1111 1111 1111 1111 1111

APFCON 93h ---0 --00 ---0 --00 ---u --uu

WPU 95h --11 -111 --11 -111 --uu -uuu

IOC 96h --00 0000 --00 0000 --uu uuuu

PMCON1(6) 98h ---- -000 ---- -000 ---- -uuu

PMCON2(6) 99h ---- ---- ---- ---- ---- ----

PMADRL(6) 9Ah 0000 0000 0000 0000 uuuu uuuu

Legend: u = unchanged, x = unknown, – = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2: One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).
3: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
4: See Table 12-6 for Reset value for specific condition.
5: If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
6: For PIC12F617 only.
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FIGURE 17-50: SHUNT REGULATOR VOLTAGE vs. TEMP  (TYPICAL)

FIGURE 17-51: COMPARATOR RESPONSE TIME (RISING EDGE)
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18.0 PACKAGING INFORMATION

18.1 Package Marking Information          

* Standard PIC device marking consists of Microchip part number, year code, week code, and traceability code. For
PIC device marking beyond this, certain price adders apply. Please check with your Microchip Sales Office. For QTP
devices, any special marking adders are included in QTP price.

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
  Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (     )

can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will be
carried over to the next line, thus limiting the number of available characters for
customer-specific information.

3e

3e

XXXXXNNN

8-Lead PDIP (.300”) 

XXXXXXXX

YYWW
017

Example

XXFXXX/P

0610

8-Lead SOIC (.150”)

XXXXXXXX
XXXXYYWW

NNN

Example

PICXXCXX
/SN0610

017

XXXXXX

8-Lead DFN (4x4 mm) (for PIC12F609/615/HV609/615 

YYWW
NNN

Example

XXXXXX
XXXXXX

0610
017

XXXX 3e

3e

3e

8-Lead MSOP

XXXXXX
YWWNNN

Example

602/MS
610017

XXXX

8-Lead DFN (3x3 mm)

YYWW
NNN

Example

0610
017

XXXX

devices only)
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18.2 Package Details
The following sections give the technical details of the packages.
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OPTION_REG (Option) .............................................. 55
OSCTUNE (Oscillator Tuning) .................................... 41
PCON (Power Control Register) ................................. 23
PCON (Power Control) ............................................. 113
PIE1 (Peripheral Interrupt Enable 1) ........................... 21
PIR1 (Peripheral Interrupt Register 1) ........................ 22
PWM1CON (Enhanced PWM Control) ..................... 105
Reset Values (PIC12F609/HV609) ........................... 115
Reset Values (PIC12F615/617/HV615) .................... 116
Reset Values (special registers) ............................... 117
Special Function Registers ......................................... 12
Special Register Summary (PIC12F609/HV609) .. 14, 16
Special Register Summary 

(PIC12F615/617/HV615) .............................. 15, 17
STATUS...................................................................... 18
T1CON........................................................................ 62
T2CON........................................................................ 66
TRISIO (Tri-State GPIO) ............................................. 44
VRCON (Voltage Reference Control) ......................... 76
WPU (Weak Pull-Up GPIO) ........................................ 46

Reset................................................................................. 110
Revision History ................................................................ 203

S
Shoot-through Current ...................................................... 104
Sleep

Power-Down Mode ................................................... 123
Wake-up.................................................................... 123
Wake-up using Interrupts.......................................... 123

Software Simulator (MPLAB SIM)..................................... 140
Special Event Trigger.......................................................... 82
Special Function Registers ................................................. 12
STATUS Register................................................................ 18

T
T1CON Register.................................................................. 62
T2CON Register.................................................................. 66
Thermal Considerations .................................................... 154
Time-out Sequence........................................................... 113
Timer0 ................................................................................. 53

Associated Registers .................................................. 55
External Clock............................................................. 54
Interrupt....................................................................... 55
Operation .............................................................. 53, 57
Specifications............................................................ 161
T0CKI .......................................................................... 54

Timer1 ................................................................................. 57
Associated registers.................................................... 63
Asynchronous Counter Mode ..................................... 59

Reading and Writing ........................................... 59
Comparator Synchronization ...................................... 61
ECCP Special Event Trigger 

(PIC12F615/617/HV615 Only) ............................ 61
ECCP Time Base (PIC12F615/617/HV615 Only) ....... 60
Interrupt....................................................................... 60
Modes of Operation .................................................... 57
Operation During Sleep .............................................. 60
Oscillator ..................................................................... 59
Prescaler ..................................................................... 59
Specifications............................................................ 161
Timer1 Gate

Inverting Gate ..................................................... 60
Selecting Source........................................... 60, 73
Synchronizing COUT w/Timer1 .......................... 73

TMR1H Register ......................................................... 57
TMR1L Register .......................................................... 57

Timer2 (PIC12F615/617/HV615 Only)
Associated registers ................................................... 66

Timers
Timer1

T1CON ............................................................... 62
Timer2

T2CON ............................................................... 66
Timing Diagrams

A/D Conversion......................................................... 165
A/D Conversion (Sleep Mode) .................................. 166
Brown-out Reset (BOR)............................................ 159
Brown-out Reset Situations ...................................... 112
CLKOUT and I/O ...................................................... 158
Clock Timing............................................................. 156
Comparator Output ..................................................... 67
Enhanced Capture/Compare/PWM (ECCP)............. 162
Half-Bridge PWM Output .................................... 99, 104
INT Pin Interrupt ....................................................... 120
PWM Auto-shutdown

Auto-restart Enabled......................................... 103
Firmware Restart .............................................. 103

PWM Output (Active-High) ......................................... 98
PWM Output (Active-Low) .......................................... 98
Reset, WDT, OST and Power-up Timer ................... 159
Time-out Sequence

Case 1 .............................................................. 114
Case 2 .............................................................. 114
Case 3 .............................................................. 114

Timer0 and Timer1 External Clock ........................... 161
Timer1 Incrementing Edge ......................................... 61
Wake-up from Interrupt............................................. 124

Timing Parameter Symbology .......................................... 155
TRISIO................................................................................ 43
TRISIO Register ................................................................. 44

V
Voltage Reference (VR)

Specifications ........................................................... 163
Voltage Reference. See Comparator Voltage

 Reference (CVREF)
Voltage References

Associated registers ................................................... 78
VP6 Stabilization ........................................................ 74

VREF. SEE ADC Reference Voltage

W
Wake-up Using Interrupts ................................................. 123
Watchdog Timer (WDT).................................................... 121

Associated registers ................................................. 122
Specifications ........................................................... 160

WPU Register ..................................................................... 46
Writing the Flash Program Memory .................................... 32
WWW Address ................................................................. 209
WWW, On-Line Support ....................................................... 6
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