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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
1.0 DEVICE OVERVIEW

The PIC12F609/615/617/12HV609/615 devices are
covered by this data sheet. They are available in 8-pin
PDIP, SOIC, MSOP and DFN packages.

Block Diagrams and pinout descriptions of the devices
are as follows:

• PIC12F609/HV609 (Figure 1-1, Table 1-1)

• PIC12F615/617/HV615 (Figure 1-2, Table 1-2)

FIGURE 1-1: PIC12F609/HV609 BLOCK DIAGRAM
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PIC12F609/615/617/12HV609/615
TABLE 2-1: PIC12F609/HV609 SPECIAL FUNCTION REGISTERS SUMMARY BANK 0 

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

POR, BOR
Page

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) xxxx xxxx 25, 115

01h TMR0 Timer0 Module’s Register xxxx xxxx 53, 115

02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 25, 115

03h STATUS IRP(1) RP1(1) RP0 TO PD Z DC C 0001 1xxx 18, 115

04h FSR Indirect Data Memory Address Pointer xxxx xxxx 25, 115

05h GPIO — — GP5 GP4 GP3 GP2 GP1 GP0 --x0 x000 43, 115

06h — Unimplemented — —

07h — Unimplemented — —

08h — Unimplemented — —

09h — Unimplemented — —

0Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 25, 115

0Bh INTCON GIE PEIE T0IE INTE GPIE T0IF INTF GPIF 0000 0000 20, 115

0Ch PIR1 — — — — CMIF — — TMR1IF ---- 0--0 22, 115

0Dh — Unimplemented — —

0Eh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx 57, 115

0Fh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx 57, 115

10h T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 62, 115

11h — Unimplemented — —

12h — Unimplemented — —

13h — Unimplemented — —

14h — Unimplemented — —

15h — Unimplemented — —

16h — Unimplemented — —

17h — Unimplemented — —

18h — Unimplemented — —

19h VRCON CMVREN — VRR FVREN VR3 VR2 VR1 VR0 0-00 0000 76, 116

1Ah CMCON0 CMON COUT CMOE CMPOL — CMR — CMCH 0000 -0-0 72, 116

1Bh — — — — —

1Ch CMCON1 — — — T1ACS CMHYS — T1GSS CMSYNC ---0 0-10 73, 116

1Dh — Unimplemented — —

1Eh — Unimplemented — —

1Fh — Unimplemented — —

Legend: – = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented
1: IRP and RP1 bits are reserved, always maintain these bits clear.
2: Read only register.
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PIC12F609/615/617/12HV609/615
TABLE 2-2: PIC12F615/617/HV615 SPECIAL FUNCTION REGISTERS SUMMARY BANK 0 

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

POR, BOR
Page

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) xxxx xxxx 25, 116

01h TMR0 Timer0 Module’s Register xxxx xxxx 53, 116

02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 25, 116

03h STATUS IRP(1) RP1(1) RP0 TO PD Z DC C 0001 1xxx 18, 116

04h FSR Indirect Data Memory Address Pointer xxxx xxxx 25, 116

05h GPIO — — GP5 GP4 GP3 GP2 GP1 GP0 --x0 x000 43, 116

06h — Unimplemented — —

07h — Unimplemented — —

08h — Unimplemented — —

09h — Unimplemented — —

0Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 25, 116

0Bh INTCON GIE PEIE T0IE INTE GPIE T0IF INTF GPIF 0000 0000 20, 116

0Ch PIR1 — ADIF CCP1IF — CMIF — TMR2IF TMR1IF -00- 0-00 22, 116

0Dh — Unimplemented — —

0Eh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx 57, 116

0Fh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx 57, 116

10h T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 62, 116

11h TMR2(3) Timer2 Module Register 0000 0000 65, 116

12h T2CON(3) — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 66, 116

13h CCPR1L(3) Capture/Compare/PWM Register 1 Low Byte XXXX XXXX 90, 116

14h CCPR1H(3) Capture/Compare/PWM Register 1 High Byte XXXX XXXX 90, 116

15h CCP1CON(3) P1M — DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0-00 0000 89, 116

16h PWM1CON(3) PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDC0 0000 0000 105, 
116

17h ECCPAS(3) ECCPASE ECCPAS2 ECCPAS1 ECCPAS0 PSSAC1 PSSAC0 PSSBD1 PSSBD0 0000 0000 102, 
116

18h — Unimplemented — —

19h VRCON CMVREN — VRR FVREN VR3 VR2 VR1 VR0 0-00 0000 76, 116

1Ah CMCON0 CMON COUT CMOE CMPOL — CMR — CMCH 0000 -0-0 72, 116

1Bh — — — — —

1Ch CMCON1 — — — T1ACS CMHYS — T1GSS CMSYNC ---0 0-10 73, 116

1Dh — Unimplemented — —

1Eh ADRESH(2, 3) Most Significant 8 bits of the left shifted A/D result or 2 bits of right shifted result xxxx xxxx 85, 116

1Fh ADCON0(3) ADFM VCFG — CHS2 CHS1 CHS0 GO/DONE ADON 00-0 0000 84, 116

Legend: – = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded = unimplemented
Note 1: IRP and RP1 bits are reserved, always maintain these bits clear.

2: Read only register.
3: PIC12F615/617/HV615 only.
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PIC12F609/615/617/12HV609/615
2.2.2.3 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMR0 register overflow, GPIO change and external
GP2/INT pin interrupts.

 

             

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER

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

GIE PEIE T0IE INTE GPIE T0IF INTF GPIF

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 GIE: Global Interrupt Enable bit
1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 T0IE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt

bit 4 INTE: GP2/INT External Interrupt Enable bit
1 = Enables the GP2/INT external interrupt
0 = Disables the GP2/INT external interrupt

bit 3 GPIE: GPIO Change Interrupt Enable bit(1)

1 = Enables the GPIO change interrupt
0 = Disables the GPIO change interrupt

bit 2 T0IF: Timer0 Overflow Interrupt Flag bit(2)

1 = Timer0 register has overflowed (must be cleared in software)
0 = Timer0 register did not overflow

bit 1 INTF: GP2/INT External Interrupt Flag bit
1 = The GP2/INT external interrupt occurred (must be cleared in software)
0 = The GP2/INT external interrupt did not occur

bit 0 GPIF: GPIO Change Interrupt Flag bit
1 = When at least one of the GPIO <5:0> pins changed state (must be cleared in software)
0 = None of the GPIO <5:0> pins have changed state

Note 1: IOC register must also be enabled.

2: T0IF bit is set when TMR0 rolls over. TMR0 is unchanged on Reset and should be initialized before 
clearing T0IF bit.
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PIC12F609/615/617/12HV609/615
REGISTER 3-1: PMDATL: PROGRAM MEMORY DATA REGISTER

REGISTER 3-2: PMADRL: PROGRAM MEMORY ADDRESS REGISTER

REGISTER 3-3: PMDATH: PROGRAM MEMORY DATA HIGH BYTE REGISTER

REGISTER 3-4: PMADRH: PROGRAM MEMORY ADDRESS HIGH BYTE REGISTER

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

PMDATL7 PMDATL6 PMDATL5 PMDATL4 PMDATL3 PMDATL2 PMDATL1 PMDATL0

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 7-0 PMDATL<7:0>: 8 Least Significant Address bits to Write or Read from Program Memory

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

PMADRL7 PMADRL6 PMADRL5 PMADRL4 PMADRL3 PMADRL2 PMADRL1 PMADRL0

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 7-0 PMADRL<7:0>: 8 Least Significant Address bits for Program Memory Read/Write Operation

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

— — PMDATH5 PMDATH4 PMDATH3 PMDATH2 PMDATH1 PMDATH0

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 7-6 Unimplemented: Read as ‘0’

bit 5-0 PMDATH<5:0>: 6 Most Significant Data bits from Program Memory

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

— — — — — PMADRH2 PMADRH1 PMADRH0

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 3 Unimplemented: Read as ‘0’

bit 2-0 PMADRH<2:0>: Specifies the 3 Most Significant Address bits or high bits for program memory reads.
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PIC12F609/615/617/12HV609/615
 

5.2 Additional Pin Functions

Every GPIO pin on the PIC12F609/615/617/12HV609/
615 has an interrupt-on-change option and a weak pull-
up option. The next three sections describe these
functions.

5.2.1 ANSEL REGISTER

The ANSEL register is used to configure the Input
mode of an I/O pin to analog. Setting the appropriate
ANSEL 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 ANSEL bits has no affect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

5.2.2 WEAK PULL-UPS

Each of the GPIO pins, except GP3, has an individually
configurable internal weak pull-up. Control bits WPUx
enable or disable each pull-up. Refer to Register 5-5.
Each weak pull-up is automatically turned off when the
port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset by the GPPU bit of the
OPTION register). A weak pull-up is automatically
enabled for GP3 when configured as MCLR and
disabled when GP3 is an I/O. There is no software
control of the MCLR pull-up.

5.2.3 INTERRUPT-ON-CHANGE

Each GPIO pin is individually configurable as an
interrupt-on-change pin. Control bits IOCx enable or
disable the interrupt function for each pin. Refer to
Register 5-6. The interrupt-on-change is disabled on a
Power-on Reset.

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
GPIO. The ‘mismatch’ outputs of the last read are OR’d
together to set the GPIO Change Interrupt Flag bit
(GPIF) in the INTCON register (Register 2-3).

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, clears the
interrupt by:

a) Any read of GPIO AND Clear flag bit GPIF. This
will end the mismatch condition;

OR

b) Any write of GPIO AND Clear flag bit GPIF will
end the mismatch condition;

A mismatch condition will continue to set flag bit GPIF.
Reading GPIO will end the mismatch condition and
allow flag bit GPIF to be cleared. The latch holding the
last read value is not affected by a MCLR nor BOR
Reset. After these resets, the GPIF flag will continue to
be set if a mismatch is present. 

REGISTER 5-2: TRISIO: GPIO TRI-STATE REGISTER

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

— — TRISIO5 TRISIO4 TRISIO3 TRISIO2 TRISIO1 TRISIO0

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 7-6 Unimplemented: Read as ‘0’

bit 5-0 TRISIO<5:0>: GPIO Tri-State Control bit
1 = GPIO pin configured as an input (tri-stated)
0 = GPIO pin configured as an output

Note 1: TRISIO<3> always reads ‘1’.
2: TRISIO<5:4> always reads ‘1’ in XT, HS and LP Oscillator modes.

Note: If a change on the I/O pin should occur
when any GPIO operation is being
executed, then the GPIF interrupt flag may
not get set.
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NOTES:
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PIC12F609/615/617/12HV609/615
FIGURE 7-1: TIMER1 BLOCK DIAGRAM   
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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.
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PIC12F609/615/617/12HV609/615
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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PIC12F609/615/617/12HV609/615
11.3.1 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 11-1.

EQUATION 11-1: PWM PERIOD

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

• TMR2 is cleared

• The CCP1 pin is set. (Exception: If the PWM duty 
cycle = 0%, the pin will not be set.)

• The PWM duty cycle is latched from CCPR1L into 
CCPR1H.

11.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to multiple registers: CCPR1L register and
DC1B<1:0> bits of the CCP1CON register. The
CCPR1L contains the eight MSbs and the DC1B<1:0>
bits of the CCP1CON register contain the two LSbs.
CCPR1L and DC1B<1:0> bits of the CCP1CON
register can be written to at any time. The duty cycle
value is not latched into CCPR1H until after the period
completes (i.e., a match between PR2 and TMR2
registers occurs). While using the PWM, the CCPR1H
register is read-only.

Equation 11-2 is used to calculate the PWM pulse
width.

Equation 11-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 11-2: PULSE WIDTH

EQUATION 11-3: DUTY CYCLE RATIO

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated with
either the 2-bit internal system clock (FOSC), or 2 bits of
the prescaler, to create the 10-bit time base. The system
clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPR1H and
2-bit latch, then the CCP1 pin is cleared (see Figure 11-
3).

11.3.3 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is 10 bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 11-4.

EQUATION 11-4: PWM RESOLUTION

TABLE 11-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (FOSC = 20 MHz)

TABLE 11-5: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (FOSC = 8 MHz)

Note: The Timer2 postscaler (see Section 8.1
“Timer2 Operation”) is not used in the
determination of the PWM frequency.

PWM Period PR2  1+  4 TOSC  =

(TMR2 Prescale Value)

Note: If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

Pulse Width CCPR1L:CCP1CON<5:4>   =

TOSC     (TMR2 Prescale Value)

Duty Cycle Ratio
CCPR1L:CCP1CON<5:4> 

4 PR2 1+ 
-----------------------------------------------------------------------=

Resolution
4 PR2 1+  log

2 log
------------------------------------------  bits=

PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz 208.3 kHz

Timer Prescale (1, 4, 16) 16 4 1 1 1 1

PR2 Value 0xFF 0xFF 0xFF 0x3F 0x1F 0x17

Maximum Resolution (bits) 10 10 10 8 7 6.6

PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz 76.92 kHz 153.85 kHz 200.0 kHz

Timer Prescale (1, 4, 16) 16 4 1 1 1 1

PR2 Value 0x65 0x65 0x65 0x19 0x0C 0x09

Maximum Resolution (bits) 8 8 8 6 5 5
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TABLE 11-7: SUMMARY OF REGISTERS ASSOCIATED WITH PWM    

REGISTER 11-3: PWM1CON: ENHANCED PWM CONTROL REGISTER

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

PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDC0

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 PRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the ECCPASE bit clears automatically once the shutdown event goes
away; the PWM restarts automatically

0 = Upon auto-shutdown, ECCPASE must be cleared in software to restart the PWM

bit 6-0 PDC<6:0>: PWM Delay Count bits

PDCn =Number of FOSC/4 (4 * TOSC) cycles between the scheduled time when a PWM signal should
transition active and the actual time it transitions active

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

APFCON — — — T1GSEL — — P1BSEL P1ASEL ---0 --00 ---0 --00

CCP1CON(1) P1M — DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0-00 0000 0-00 0000

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

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

CMCON0 CMON COUT CMOE CMPOL — CMR — CMCH 0000 -0-0 0000 -0-0

CMCON1 — — — T1ACS CMHYS — T1GSS CMSYNC ---0 0-10 ---0 0-10

ECCPAS(1) ECCPASE ECCPAS2 ECCPAS1 ECCPAS0 PSSAC1 PSSAC0 PSSBD1 PSSBD0 0000 0000 0000 0000

PWM1CON PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDC0 0000 0000 0000 0000

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

T2CON(1) — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 -000 0000

TMR2(1) 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 PWM.
Note 1: For PIC12F615/617/HV615 only.
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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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BTFSS Bit Test f, Skip if Set

Syntax: [ label ] BTFSS   f,b

Operands: 0  f  127
0  b < 7

Operation: skip if (f<b>) = 1

Status Affected: None

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

CALL Call Subroutine

Syntax: [ label ]   CALL   k

Operands: 0  k  2047

Operation: (PC)+ 1 TOS,
k  PC<10:0>,
(PCLATH<4:3>)  PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return 
address (PC + 1) is pushed onto 
the stack. The eleven-bit 
immediate address is loaded into 
PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH. 
CALL is a two-cycle instruction.

CLRF Clear f

Syntax: [ label ] CLRF    f

Operands: 0  f  127

Operation: 00h  (f)
1  Z

Status Affected: Z

Description: The contents of register ‘f’ are 
cleared and the Z bit is set.

CLRW Clear W

Syntax: [ label ]   CLRW

Operands: None

Operation: 00h  (W)
1  Z

Status Affected: Z

Description: W register is cleared. Zero bit (Z) 
is set.

CLRWDT Clear Watchdog Timer

Syntax: [ label ]   CLRWDT

Operands: None

Operation: 00h  WDT
0  WDT prescaler,
1  TO
1  PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the 
Watchdog Timer. It also resets 
the prescaler of the WDT. 
Status bits TO and PD are set.

COMF Complement f

Syntax: [ label ]   COMF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (destination)

Status Affected: Z

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

DECF Decrement f

Syntax: [ label ]   DECF f,d

Operands: 0  f  127
d  [0,1]

Operation: (f) - 1  (destination)

Status Affected: Z

Description: Decrement 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’.
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RLF Rotate Left f through Carry

Syntax: [ label ] RLF    f,d

Operands: 0  f  127
d  [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register ‘f’ are 
rotated one bit to the left through 
the Carry flag. If ‘d’ is ‘0’, the 
result is placed in the W register. 
If ‘d’ is ‘1’, the result is stored 
back in register ‘f’.

Words: 1

Cycles: 1

Example: RLF REG1,0

Before Instruction
REG1 = 1110 0110
C = 0

After Instruction
REG1 = 1110 0110
W = 1100 1100
C = 1

RRF Rotate Right f through Carry

Syntax: [ label ]    RRF   f,d

Operands: 0  f  127
d  [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register ‘f’ are 
rotated one bit to the right through 
the Carry flag. If ‘d’ is ‘0’, the 
result is placed in the W register. 
If ‘d’ is ‘1’, the result is placed 
back in register ‘f’.

Register fC

Register fC

SLEEP Enter Sleep mode

Syntax: [ label ] SLEEP

Operands: None

Operation: 00h  WDT,
0  WDT prescaler,
1  TO,
0  PD

Status Affected: TO, PD

Description: The power-down Status bit, PD 
is cleared. Time-out Status bit, 
TO is set. Watchdog Timer and 
its prescaler are cleared.
The processor is put into Sleep 
mode with the oscillator stopped. 

SUBLW Subtract W from literal

Syntax: [ label ] SUBLW   k

Operands: 0 k 255

Operation: k - (W) W)

Status Affected: C, DC, Z

Description: The W register is subtracted (2’s 
complement method) from the 
eight-bit literal ‘k’. The result is 
placed in the W register.

Result Condition

C = 0 W  k

C = 1 W  k

DC = 0 W<3:0>  k<3:0>

DC = 1 W<3:0>  k<3:0>
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TABLE 16-11: PIC12F615/617/HV615 A/D CONVERTER (ADC) CHARACTERISTICS:
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +125°C

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

AD01 NR Resolution — — 10 bits bit

AD02 EIL Integral Error — — 1 LSb VREF = 5.12V(5)

AD03 EDL Differential Error — — 1 LSb No missing codes to 10 bits
VREF = 5.12V(5)

AD04 EOFF Offset Error — +1.5 +2.0 LSb VREF = 5.12V(5)

AD07 EGN Gain Error — — 1 LSb VREF = 5.12V(5)

AD06
AD06A

VREF Reference Voltage(3) 2.2
2.5

— —
VDD

V
Absolute minimum to ensure 1 LSb 
accuracy

AD07 VAIN Full-Scale Range VSS — VREF V

AD08 ZAIN Recommended 
Impedance of Analog 
Voltage Source

— — 10 k

AD09* IREF VREF Input Current(3) 10 — 1000 A During VAIN acquisition. 
Based on differential of VHOLD to VAIN.

— — 50 A During A/D conversion cycle.

* 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: Total Absolute Error includes integral, differential, offset and gain errors.

2: The A/D conversion result never decreases with an increase in the input voltage and has no missing 
codes.

3: ADC VREF is from external VREF or VDD pin, whichever is selected as reference input.

4: When ADC is off, it will not consume any current other than leakage current. The power-down current 
specification includes any such leakage from the ADC module.

5: VREF = 5V for PIC12HV615.
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TABLE 16-12: PIC12F615/617/HV615 A/D CONVERSION REQUIREMENTS

FIGURE 16-10: PIC12F615/617/HV615 A/D CONVERSION TIMING (NORMAL MODE)

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

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

AD130* TAD A/D Clock Period 1.6 — 9.0 s TOSC-based, VREF 3.0V

3.0 — 9.0 s TOSC-based, VREF full range(3)

A/D Internal RC 
Oscillator Period 3.0 6.0 9.0 s

ADCS<1:0> = 11 (ADRC mode)
At VDD = 2.5V

1.6 4.0 6.0 s At VDD = 5.0V

AD131 TCNV Conversion Time
(not including 
Acquisition Time)(1)

— 11 — TAD Set GO/DONE bit to new data in A/D 
Result register

AD132* TACQ Acquisition Time 11.5 — s

AD133* TAMP Amplifier Settling Time — — 5 s

AD134 TGO Q4 to A/D Clock Start —

—

TOSC/2

TOSC/2 + 
TCY

—

—

—

— 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.

* 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: ADRESH and ADRESL registers may be read on the following TCY cycle.

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

3: Full range for PIC12HV609/HV615 powered by the shunt regulator is the 5V regulated voltage.

AD131

AD130

BSF ADCON0, GO

Q4

A/D CLK

A/D Data

ADRES

ADIF

GO

Sample

OLD_DATA

Sampling Stopped

DONE

NEW_DATA

9 8 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.

1 TCY

6

AD134 (TOSC/2(1))

1 TCY

AD132
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FIGURE 17-52: COMPARATOR RESPONSE TIME (FALLING EDGE)

FIGURE 17-53: WDT TIME-OUT PERIOD vs. VDD OVER TEMPERATURE
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager

RE: Reader Response

Total Pages Sent ________

From: Name

Company

Address

City / State / ZIP / Country

Telephone: (_______) _________ - _________

Application (optional):

Would you like a reply?       Y         N

Device: Literature Number: 

Questions:

FAX: (______) _________ - _________

DS41302DPIC12F609/615/617/12HV609/615

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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