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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
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
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PIC12F609/615/617/12HV609/615
2.2.2.4 PIE1 Register

The PIE1 register contains the Peripheral Interrupt
Enable bits, as shown in Register 2-4.

             

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.

REGISTER 2-4: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

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

— ADIE(1) CCP1IE(1) — CMIE — TMR2IE(1) TMR1IE

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 ADIE: A/D Converter (ADC) Interrupt Enable bit(1)

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt

bit 5 CCP1IE: CCP1 Interrupt Enable bit(1)

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 4 Unimplemented: Read as ‘0’

bit 3 CMIE: Comparator Interrupt Enable bit

1 = Enables the Comparator interrupt
0 = Disables the Comparator interrupt 

bit 2 Unimplemented: Read as ‘0’

bit 1 TMR2IE: Timer2 to PR2 Match Interrupt Enable bit(1)

1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt

bit 0 TMR1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

Note 1: PIC12F615/617/HV615 only. PIC12F609/HV609 unimplemented, read as ‘0’.
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PIC12F609/615/617/12HV609/615
REGISTER 3-5: PMCON1 – PROGRAM MEMORY CONTROL REGISTER 1 (ADDRESS: 93h)    

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

— — — — — WREN WR RD

bit 7 bit 0

bit 7 Unimplemented: Read as ‘1’

bit 6-3 Unimplemented: Read as ‘0’

bit 2 WREN: Program Memory Write Enable bit

1 = Allows write cycles
0 = Inhibits write to the EEPROM

bit 1 WR: Write Control bit

1 = Initiates a write cycle to program memory. (The bit is cleared by hardware when write is complete. The
WR bit can only be set (not cleared) in software.)

0 = Write cycle to the Flash memory is complete

bit 0 RD: Read Control bit

1 = Initiates a program memory read (The read takes one cycle. The RD is cleared in hardware; the RD bit
can only be set (not cleared) in software).

0 = Does not initiate a Flash memory read

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
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PIC12F609/615/617/12HV609/615
8.0 TIMER2 MODULE
(PIC12F615/617/HV615 ONLY)

The Timer2 module is an 8-bit timer with the following
features: 

• 8-bit timer register (TMR2)

• 8-bit period register (PR2)

• Interrupt on TMR2 match with PR2

• Software programmable prescaler (1:1, 1:4, 1:16)

• Software programmable postscaler (1:1 to 1:16)

See Figure 8-1 for a block diagram of Timer2.

8.1 Timer2 Operation

The clock input to the Timer2 module is the system
instruction clock (FOSC/4). The clock is fed into the
Timer2 prescaler, which has prescale options of 1:1,
1:4 or 1:16. The output of the prescaler is then used to
increment the TMR2 register.

The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match occurs, two things happen:

• TMR2 is reset to 00h on the next increment cycle.

• The Timer2 postscaler is incremented

The match output of the Timer2/PR2 comparator is
then fed into the Timer2 postscaler. The postscaler has
postscale options of 1:1 to 1:16 inclusive. The output of
the Timer2 postscaler is used to set the TMR2IF
interrupt flag bit in the PIR1 register.

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR2ON bit in the
T2CON register to a ‘1’. Timer2 is turned off by clearing
the TMR2ON bit to a ‘0’.

The Timer2 prescaler is controlled by the T2CKPS bits
in the T2CON register. The Timer2 postscaler is
controlled by the TOUTPS bits in the T2CON register.
The prescaler and postscaler counters are cleared
when:

• A write to TMR2 occurs.

• A write to T2CON occurs.

• Any device Reset occurs (Power-on Reset, MCLR 
Reset, Watchdog Timer Reset, or Brown-out 
Reset).

FIGURE 8-1: TIMER2 BLOCK DIAGRAM       

Note: TMR2 is not cleared when T2CON is
written.

Comparator

TMR2
Sets Flag

TMR2

Output

Reset

Postscaler

Prescaler

PR2

2

FOSC/4

1:1 to 1:16

1:1, 1:4, 1:16

EQ

4

bit TMR2IF

TOUTPS<3:0>

T2CKPS<1:0>
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PIC12F609/615/617/12HV609/615
9.2 Analog Input Connection 
Considerations

A simplified circuit for an analog input is shown in
Figure 9-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and VSS. The
analog input, therefore, must be between VSS and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 k is
recommended for the analog sources. Also, any
external component connected to an analog input pin,
such as a capacitor or a Zener diode, should have very
little leakage current to minimize inaccuracies
introduced.

FIGURE 9-3: ANALOG INPUT MODEL 

Note 1: When reading a GPIO register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

VA

RS < 10K

CPIN
5 pF

VDD

VT  0.6V

VT  0.6V

RIC

ILEAKAGE
±500 nA

VSS

AIN

Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
RS = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

To Comparator
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PIC12F609/615/617/12HV609/615
9.3  Comparator Control

The comparator has two control and Configuration
registers: CMCON0 and CMCON1. The CMCON1
register is used for controlling the interaction with
Timer1 and simultaneously reading the comparator
output.

The CMCON0 register (Register 9-1) contain the
control and Status bits for the following:

• Enable

• Input selection

• Reference selection

• Output selection

• Output polarity

9.3.1 COMPARATOR ENABLE

Setting the CMON bit of the CMCON0 register enables
the comparator for operation. Clearing the CMON bit
disables the comparator for minimum current
consumption.

9.3.2 COMPARATOR INPUT SELECTION

The CMCH bit of the CMCON0 register directs one of
four analog input pins to the comparator inverting input.

9.3.3 COMPARATOR REFERENCE 
SELECTION

Setting the CMR bit of the CMxCON0 register directs
an internal voltage reference or an analog input pin to
the non-inverting input of the comparator. See
Section 9.10 “Comparator Voltage Reference” for
more information on the internal voltage reference
module.

9.3.4 COMPARATOR OUTPUT 
SELECTION

The output of the comparator can be monitored by
reading either the COUT bit of the CMCON0 register. In
order to make the output available for an external
connection, the following conditions must be true:

• CMOE bit of the CMxCON0 register must be set

• Corresponding TRIS bit must be cleared

• CMON bit of the CMCON0 register must be set.

9.3.5 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CMPOL bit of the CMCON0 register. Clear-
ing CMPOL results in a non-inverted output. A com-
plete table showing the output state versus input
conditions and the polarity bit is shown in Table 9-1.

TABLE 9-1: OUTPUT STATE VS. INPUT 
CONDITIONS

9.4 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the compara-
tor differs from the settling time of the voltage refer-
ence. Therefore, both of these times must be
considered when determining the total response time
to a comparator input change. See Section 16.0
“Electrical Specifications” for more details.

Note: To use CIN+ and CIN- pins as analog
inputs, the appropriate bits must be set in
the ANSEL register and the corresponding
TRIS bits must also be set to disable the
output drivers.

Note 1: The CMOE bit overrides the PORT data
latch. Setting the CMON has no impact
on the port override.

2: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external
outputs are not latched.

Input Conditions CMPOL COUT

CMVIN- > CMVIN+ 0 0

CMVIN- < CMVIN+ 0 1

CMVIN- > CMVIN+ 1 1

CMVIN- < CMVIN+ 1 0

Note: COUT refers to both the register bit and
output pin.
 2010 Microchip Technology Inc. DS41302D-page 69
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9.6 Operation During Sleep

The comparator, if enabled before entering Sleep
mode, remains active during Sleep. The additional
current consumed by the comparator is shown
separately in the Section 16.0 “Electrical
Specifications”. If the comparator is not used to wake
the device, power consumption can be minimized while
in Sleep mode by turning off the comparator. The
comparator is turned off by clearing the CMON bit of the
CMCON0 register.

A change to the comparator output can wake-up the
device from Sleep. To enable the comparator to wake
the device from Sleep, the CMIE bit of the PIE1 register
and the PEIE bit of the INTCON register must be set.
The instruction following the SLEEP instruction always
executes following a wake from Sleep. If the GIE bit of
the INTCON register is also set, the device will then
execute the Interrupt Service Routine.

9.7  Effects of a Reset

A device Reset forces the CMCON1 register to its
Reset state. This sets the comparator and the voltage
reference to the OFF state.
 2010 Microchip Technology Inc. DS41302D-page 71
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10.2.6 A/D CONVERSION PROCEDURE

This is an example procedure for using the ADC to
perform an Analog-to-Digital conversion:

1. Configure Port:

• Disable pin output driver (See TRIS register)

• Configure pin as analog

2. Configure the ADC module:

• Select ADC conversion clock

• Configure voltage reference

• Select ADC input channel

• Select result format

• Turn on ADC module

3. Configure ADC interrupt (optional):

• Clear ADC interrupt flag 

• Enable ADC interrupt

• Enable peripheral interrupt

• Enable global interrupt(1)

4. Wait the required acquisition time(2).

5. Start conversion by setting the GO/DONE bit.

6. Wait for ADC conversion to complete by one of
the following:

• Polling the GO/DONE bit

• Waiting for the ADC interrupt (interrupts 
enabled)

7. Read ADC Result

8. Clear the ADC interrupt flag (required if interrupt
is enabled).

EXAMPLE 10-1: A/D CONVERSION

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2: See Section 10.3 “A/D Acquisition
Requirements”.

;This code block configures the ADC
;for polling, Vdd reference, Frc clock
;and GP0 input.
;
;Conversion start & polling for completion 
; are included.
;
BANKSEL TRISIO ;
BSF TRISIO,0 ;Set GP0 to input
BANKSEL ANSEL ;
MOVLW B’01110001’ ;ADC Frc clock,
IORWF ANSEL ; and GP0 as analog
BANKSEL ADCON0 ;
MOVLW B’10000001’ ;Right justify,
MOVWF ADCON0 ;Vdd Vref, AN0, On
CALL SampleTime ;Acquisiton delay
BSF ADCON0,GO ;Start conversion
BTFSC ADCON0,GO ;Is conversion done?
GOTO $-1 ;No, test again
BANKSEL ADRESH ;
MOVF ADRESH,W ;Read upper 2 bits
MOVWF RESULTHI ;Store in GPR space
BANKSEL ADRESL ;
MOVF ADRESL,W ;Read lower 8 bits
MOVWF RESULTLO ;Store in GPR space
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FIGURE 11-6: EXAMPLE PWM (ENHANCED MODE) OUTPUT RELATIONSHIPS (ACTIVE-HIGH 
STATE)

FIGURE 11-7: EXAMPLE ENHANCED PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)

0

Period

00

10

Signal
PR2+1

P1M<1:0>

P1A Modulated

P1A Modulated

P1B Modulated

P1A Active

P1B Inactive

P1C Inactive

P1D Modulated

Pulse
Width

(Single Output)

(Half-Bridge)

Delay(1) Delay(1)

Relationships:
• Period = 4 * TOSC * (PR2 + 1) * (TMR2 Prescale Value)
• Pulse Width = TOSC * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
• Delay = 4 * TOSC * (PWM1CON<6:0>)

Note 1: Dead-band delay is programmed using the PWM1CON register (Section 11.4.6 “Programmable Dead-Band Delay
mode”).

0

Period

00

10

Signal
PR2+1

P1M<1:0>

P1A Modulated

P1A Modulated

P1B Modulated

P1A Active

P1B Inactive

P1C Inactive

P1D Modulated

Pulse

Width

(Single Output)

(Half-Bridge)
Delay(1) Delay(1)

Relationships:
• Period = 4 * TOSC * (PR2 + 1) * (TMR2 Prescale Value)
• Pulse Width = TOSC * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
• Delay = 4 * TOSC * (PWM1CON<6:0>)

Note 1: Dead-band delay is programmed using the PWM1CON register (Section 11.4.6 “Programmable Dead-Band Delay
mode”).
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12.3.5 TIME-OUT SEQUENCE

On power-up, the time-out sequence is as follows: 

• PWRT time-out is invoked after POR has expired.

• OST is activated after the PWRT time-out has 
expired.

The total time-out will vary based on oscillator
configuration and PWRTE bit status. For example, in EC
mode with PWRTE bit erased (PWRT disabled), there
will be no time-out at all. Figure 12-4, Figure 12-5 and
Figure 12-6 depict time-out sequences.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then,
bringing MCLR high will begin execution immediately
(see Figure 12-5). This is useful for testing purposes or
to synchronize more than one PIC12F609/615/617/
12HV609/615 device operating in parallel.

Table 12-6 shows the Reset conditions for some
special registers, while Table 12-5 shows the Reset
conditions for all the registers. 

12.3.6 POWER CONTROL (PCON) 
REGISTER 

The Power Control register PCON (address 8Eh) has
two Status bits to indicate what type of Reset occurred
last.

Bit 0 is BOR (Brown-out). BOR is unknown on Power-
on Reset. It must then be set by the user and checked
on subsequent Resets to see if BOR = 0, indicating that
a Brown-out has occurred. The BOR Status bit is a
“don’t care” and is not necessarily predictable if the
brown-out circuit is disabled (BOREN<1:0>  = 00 in the
Configuration Word register).

Bit 1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘1’ to this bit following a Power-on Reset. On a subse-
quent Reset, if POR is ‘0’, it will indicate that a Power-
on Reset has occurred (i.e., VDD may have gone too
low).

For more information, see Section 12.3.4 “Brown-out
Reset (BOR)”.

TABLE 12-1: TIME-OUT IN VARIOUS SITUATIONS

TABLE 12-2: STATUS/PCON BITS AND THEIR SIGNIFICANCE

TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT RESET   

Oscillator Configuration
Power-up Brown-out Reset Wake-up from 

SleepPWRTE = 0 PWRTE = 1 PWRTE = 0 PWRTE = 1
XT, HS, LP TPWRT + 1024 • 

TOSC

1024 • TOSC TPWRT + 1024 • 
TOSC

1024 • TOSC 1024 • TOSC

RC, EC, INTOSC TPWRT — TPWRT — —

POR BOR TO PD Condition

0 x 1 1 Power-on Reset

u 0 1 1 Brown-out Reset

u u 0 u WDT Reset

u u 0 0 WDT Wake-up

u u u u MCLR Reset during normal operation

u u 1 0 MCLR Reset during Sleep

Legend: u = unchanged, x = unknown

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(1)

PCON — — — — — — POR BOR ---- --qq ---- --uu

STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 000q quuu

Legend: u = unchanged, x = unknown, – = unimplemented bit, reads as ‘0’, q = value depends on condition. 
Shaded cells are not used by BOR.

Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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FIGURE 12-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1

FIGURE 12-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2

FIGURE 12-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
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NOTES:
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PIC12F609/615/617/12HV609/615
TABLE 14-2: PIC12F609/615/617/12HV609/615 INSTRUCTION SET   

Mnemonic,
Operands

Description Cycles
14-Bit Opcode Status

Affected
Notes

MSb LSb

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF
ANDWF
CLRF
CLRW
COMF
DECF
DECFSZ
INCF
INCFSZ
IORWF
MOVF
MOVWF
NOP
RLF
RRF
SUBWF
SWAPF
XORWF

f, d
f, d

f
–

f, d
f, d
f, d
f, d
f, d
f, d
f, d

f
–

f, d
f, d
f, d
f, d
f, d

Add W and f
AND W with f
Clear f
Clear W
Complement f
Decrement f
Decrement f, Skip if 0
Increment f
Increment f, Skip if 0
Inclusive OR W with f
Move f
Move W to f
No Operation
Rotate Left f through Carry
Rotate Right f through Carry
Subtract W from f
Swap nibbles in f
Exclusive OR W with f

1
1
1
1
1
1

1(2)
1

1(2)
1
1
1
1
1
1
1
1
1

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0111
0101
0001
0001
1001
0011
1011
1010
1111
0100
1000
0000
0000
1101
1100
0010
1110
0110

dfff
dfff
lfff
0xxx
dfff
dfff
dfff
dfff
dfff
dfff
dfff
lfff
0xx0
dfff
dfff
dfff
dfff
dfff

ffff
ffff
ffff
xxxx
ffff
ffff
ffff
ffff
ffff
ffff
ffff
ffff
0000
ffff
ffff
ffff
ffff
ffff

C, DC, Z
Z
Z
Z
Z
Z

Z

Z
Z

C
C

C, DC, Z

Z

1, 2
1, 2

2

1, 2
1, 2

1, 2, 3
1, 2

1, 2, 3
1, 2
1, 2

1, 2
1, 2
1, 2
1, 2
1, 2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF
BSF
BTFSC
BTFSS

f, b
f, b
f, b
f, b

Bit Clear f
Bit Set f
Bit Test f, Skip if Clear
Bit Test f, Skip if Set

1
1

1 (2)
1 (2)

01
01
01
01

00bb
01bb
10bb
11bb

bfff
bfff
bfff
bfff

ffff
ffff
ffff
ffff

1, 2
1, 2

3
3

LITERAL AND CONTROL OPERATIONS

ADDLW
ANDLW
CALL
CLRWDT
GOTO
IORLW
MOVLW
RETFIE
RETLW
RETURN
SLEEP
SUBLW
XORLW

k
k
k
–
k
k
k
–
k
–
–
k
k

Add literal and W
AND literal with W
Call Subroutine
Clear Watchdog Timer
Go to address
Inclusive OR literal with W
Move literal to W
Return from interrupt
Return with literal in W
Return from Subroutine
Go into Standby mode
Subtract W from literal
Exclusive OR literal with W

1
1
2
1
2
1
1
2
2
2
1
1
1

11
11
10
00
10
11
11
00
11
00
00
11
11

111x
1001
0kkk
0000
1kkk
1000
00xx
0000
01xx
0000
0000
110x
1010

kkkk
kkkk
kkkk
0110
kkkk
kkkk
kkkk
0000
kkkk
0000
0110
kkkk
kkkk

kkkk
kkkk
kkkk
0100
kkkk
kkkk
kkkk
1001
kkkk
1000
0011
kkkk
kkkk

C, DC, Z
Z

TO, PD

Z

TO, PD
C, DC, Z

Z

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF GPIO, 1), the value used will be that value present 
on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external 
device, the data will be written back with a ‘0’.

2: If this instruction is executed on the TMR0 register (and where applicable, d = 1), the prescaler will be cleared if 
assigned to the Timer0 module.

3: 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.
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14.2 Instruction Descriptions 

ADDLW Add literal and W

Syntax: [ label ] ADDLW     k

Operands: 0  k  255

Operation: (W) + k  (W)

Status Affected: C, DC, Z

Description: The contents of the W register 
are added to the eight-bit literal ‘k’ 
and the result is placed in the 
W register.

ADDWF Add W and f

Syntax: [ label ] ADDWF     f,d

Operands: 0  f  127
d 0,1

Operation: (W) + (f)  (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register 
with register ‘f’. If ‘d’ is ‘0’, the 
result is stored in the W register. If 
‘d’ is ‘1’, the result is stored back 
in register ‘f’.

ANDLW AND literal with W

Syntax: [ label ] ANDLW     k

Operands: 0  k  255

Operation: (W) .AND. (k)  (W)

Status Affected: Z

Description: The contents of W register are 
AND’ed with the eight-bit literal 
‘k’. The result is placed in the W 
register.

ANDWF AND W with f

Syntax: [ label ] ANDWF     f,d

Operands: 0  f  127
d 0,1

Operation: (W) .AND. (f)  (destination)

Status Affected: Z

Description: AND the W register with register 
‘f’. If ‘d’ is ‘0’, the result is stored in 
the W register. If ‘d’ is ‘1’, the 
result is stored back in register ‘f’.

BCF Bit Clear f

Syntax: [ label ] BCF     f,b

Operands: 0  f  127
0  b  7

Operation: 0  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is cleared.

BSF Bit Set f

Syntax: [ label ] BSF    f,b

Operands: 0  f  127
0  b  7

Operation: 1  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is set.

BTFSC Bit Test f, Skip if Clear

Syntax: [ label ] BTFSC   f,b

Operands: 0  f  127
0  b  7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘1’, the next 
instruction is executed.
If bit ‘b’ in register ‘f’ is ‘0’, the next 
instruction is discarded, and a NOP 
is executed instead, making this a 
two-cycle instruction.
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MOVF Move f

Syntax: [ label ]    MOVF   f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (dest)

Status Affected: Z

Description: The contents of register ‘f’ is 
moved to a destination dependent 
upon the status of ‘d’. If d = 0,
destination is W register. If d = 1, 
the destination is file register ‘f’ 
itself. d = 1 is useful to test a file 
register since Status flag Z is 
affected.

Words: 1

Cycles: 1

Example: MOVF FSR, 0

After Instruction
W =  value in FSR 
register
Z = 1

MOVLW Move literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0  k  255

Operation: k  (W)

Status Affected: None

Description: The eight-bit literal ‘k’ is loaded into 
W register. The “don’t cares” will 
assemble as ‘0’s.

Words: 1

Cycles: 1

Example: MOVLW 0x5A

After Instruction
W = 0x5A

MOVWF Move W to f

Syntax: [ label ]    MOVWF     f

Operands: 0  f  127

Operation: (W)  (f)

Status Affected: None

Description: Move data from W register to
register ‘f’.

Words: 1

Cycles: 1

Example: MOVW
F

OPTION

Before Instruction
OPTION = 0xFF
W = 0x4F

After Instruction
OPTION = 0x4F
W = 0x4F

NOP No Operation

Syntax: [ label ]    NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.

Words: 1

Cycles: 1

Example: NOP
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16.5 DC Characteristics: PIC12F609/615/617  - E (Extended)

DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +125°C for extended 

Param
No.

Device Characteristics Min Typ† Max Units
Conditions

VDD Note

D020E Power-down Base 
Current (IPD)(2)

PIC12F609/615/617

— 0.05 4.0 A 2.0 WDT, BOR, Comparator, VREF and 
T1OSC disabled— 0.15 5.0 A 3.0

— 0.35 8.5 A 5.0

D021E — 0.5 5.0 A 2.0 WDT Current(1)

— 2.5 8.0 A 3.0

— 9.5 19 A 5.0

D022E — 5.0 15 A 3.0 BOR Current(1)

— 6.0 19 A 5.0

D023E — 50 70 A 2.0 Comparator Current(1), single 
comparator enabled— 55 75 A 3.0

— 60 80 A 5.0

D024E — 30 40 A 2.0 CVREF Current(1) (high range)

— 45 60 A 3.0

— 75 105 A 5.0

D025E* — 39 50 A 2.0 CVREF Current(1) (low range)

— 59 80 A 3.0

— 98 130 A 5.0

D026E — 5.5 16 A 2.0 T1OSC Current(1), 32.768 kHz

— 7.0 18 A 3.0

— 8.5 22 A 5.0

D027E — 0.2 6.5 A 3.0 A/D Current(1), no conversion in 
progress— 0.36 10 A 5.0

* These parameters are characterized but not tested.

† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note 1: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this 
peripheral is enabled. The peripheral  current can be determined by subtracting the base IDD or IPD 
current from this limit. Max values should be used when calculating total current consumption.

2: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is 
measured with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD.
 2010 Microchip Technology Inc. DS41302D-page 149
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16.11 AC Characteristics: PIC12F609/615/617/12HV609/615 (Industrial, Extended)

FIGURE 16-4: CLOCK TIMING

TABLE 16-1: CLOCK OSCILLATOR TIMING REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +125°C

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

OS01 FOSC External CLKIN Frequency(1) DC — 37 kHz LP Oscillator mode 

DC — 4 MHz XT Oscillator mode

DC — 20 MHz HS Oscillator mode

DC — 20 MHz EC Oscillator mode

Oscillator Frequency(1) — 32.768 — kHz LP Oscillator mode

0.1 — 4 MHz XT Oscillator mode

1 — 20 MHz HS Oscillator mode

DC — 4 MHz RC Oscillator mode 

OS02 TOSC External CLKIN Period(1) 27 —  s LP Oscillator mode

250 —  ns XT Oscillator mode

50 —  ns HS Oscillator mode

50 —  ns EC Oscillator mode

Oscillator Period(1) — 30.5 — s LP Oscillator mode

250 — 10,000 ns XT Oscillator mode

50 — 1,000 ns HS Oscillator mode

250 — — ns RC Oscillator mode

OS03 TCY Instruction Cycle Time(1) 200 TCY DC ns TCY = 4/FOSC

OS04* TOSH,
TOSL

External CLKIN High,
External CLKIN Low

2 — — s LP oscillator

100 — — ns XT oscillator

20 — — ns HS oscillator

OS05* TOSR,
TOSF

External CLKIN Rise,
External CLKIN Fall

0 —  ns LP oscillator

0 —  ns XT oscillator

0 —  ns HS oscillator

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.
Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are based on 

characterization data for that particular oscillator type under standard operating conditions with the device executing 
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected 
current consumption. All devices are tested to operate at “min” values with an external clock applied to OSC1 pin. When 
an external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.

OSC1/CLKIN

OSC2/CLKOUT

Q4 Q1 Q2 Q3 Q4 Q1

OS02

OS03
OS04 OS04

OSC2/CLKOUT
(LP,XT,HS Modes)

(CLKOUT Mode)
DS41302D-page 156  2010 Microchip Technology Inc.



PIC12F609/615/617/12HV609/615
FIGURE 16-11: PIC12F615/617/HV615 A/D CONVERSION TIMING (SLEEP MODE)

AD132

AD131

AD130

BSF ADCON0, GO

Q4

A/D CLK

A/D Data

ADRES

ADIF

GO

Sample

OLD_DATA

Sampling Stopped

DONE

NEW_DATA

9 7 3 2 1 0

Note 1: If the A/D clock source is selected as RC, a time of TCY is added before the A/D clock starts. This allows the
SLEEP instruction to be executed. 

AD134

68

1 TCY(TOSC/2 + TCY(1))

1 TCY
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FIGURE 17-12: PIC12F609/615/617 IPD WDT vs. VDD

FIGURE 17-13: PIC12F609/615/617 IPD BOR vs. VDD 
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