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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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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
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WARRANTIES OF ANY KIND WHETHER EXPRESS OR
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FITNESS FOR PURPOSE. Microchip disclaims all liability
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devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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PIC12F609/615/617/12HV609/615
8-Pin Flash-Based, 8-Bit CMOS Microcontrollers
High-Performance RISC CPU:

• Only 35 Instructions to Learn:

- All single-cycle instructions except branches

• Operating Speed:

- DC – 20 MHz oscillator/clock input
- DC – 200 ns instruction cycle

• Interrupt Capability

• 8-Level Deep Hardware Stack

• Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

• Precision Internal Oscillator:

- Factory calibrated to ±1%, typical
- Software selectable frequency: 4 MHz or 

8 MHz

• Power-Saving Sleep mode

• Voltage Range:

- PIC12F609/615/617: 2.0V to 5.5V

- PIC12HV609/615: 2.0V to user defined 
maximum (see note)

• Industrial and Extended Temperature Range

• Power-on Reset (POR)

• Power-up Timer (PWRT) and Oscillator Start-up 
Timer (OST)

• Brown-out Reset (BOR)

• Watchdog Timer (WDT) with independent
Oscillator for Reliable Operation

• Multiplexed Master Clear with Pull-up/Input Pin

• Programmable Code Protection

• High Endurance Flash:

- 100,000 write Flash endurance
- Flash retention: > 40 years

• Self Read/ Write Program Memory (PIC12F617 
only)

Low-Power Features:

• Standby Current:

- 50 nA @ 2.0V, typical

• Operating Current:

- 11 A @ 32 kHz, 2.0V, typical
- 260 A @ 4 MHz, 2.0V, typical

• Watchdog Timer Current:

- 1 A @ 2.0V, typical

Note: Voltage across the shunt regulator should
not exceed 5V.

Peripheral Features:

• Shunt Voltage Regulator (PIC12HV609/615 only):

- 5 volt regulation
- 4 mA to 50 mA shunt range

• 5 I/O Pins and 1 Input Only

• High Current Source/Sink for Direct LED Drive

- Interrupt-on-pin change or pins
- Individually programmable weak pull-ups

• Analog Comparator module with:

- One analog comparator
- Programmable on-chip voltage reference 

(CVREF) module (% of VDD)
- Comparator inputs and output externally 

accessible
- Built-In Hysteresis (software selectable)

• Timer0: 8-Bit Timer/Counter with 8-Bit 
Programmable Prescaler

• Enhanced Timer1:

- 16-bit timer/counter with prescaler
- External Timer1 Gate (count enable)
- Option to use OSC1 and OSC2 in LP mode 

as Timer1 oscillator if INTOSC mode 
selected

- Option to use system clock as Timer1

• In-Circuit Serial ProgrammingTM (ICSPTM) via Two 
Pins

PIC12F615/617/HV615 ONLY:

• Enhanced Capture, Compare, PWM module:

- 16-bit Capture, max. resolution 12.5 ns
- Compare, max. resolution 200 ns
- 10-bit PWM with 1 or 2 output channels, 1 

output channel programmable “dead time,” 
max. frequency 20 kHz, auto-shutdown

• A/D Converter:

- 10-bit resolution and 4 channels, samples 
internal voltage references

• Timer2: 8-Bit Timer/Counter with 8-Bit Period 
Register, Prescaler and Postscaler
 2010 Microchip Technology Inc. DS41302D-page 3



PIC12F609/615/617/12HV609/615
Table of Contents

1.0 Device Overview ......................................................................................................................................................................... 7
 2.0 Memory Organization ................................................................................................................................................................  11
3.0 Flash Program Memory Self Read/Self Write Control (PIC12F617 only)..................................................................................  27
4.0 Oscillator Module ....................................................................................................................................................................... 37
5.0 I/O Port ...................................................................................................................................................................................... 43
6.0 Timer0 Module .......................................................................................................................................................................... 53
7.0 Timer1 Module with Gate Control .............................................................................................................................................. 57
8.0 Timer2 Module (PIC12F615/617/HV615 only) .......................................................................................................................... 65
9.0 Comparator Module ................................................................................................................................................................... 67
10.0 Analog-to-Digital Converter (ADC) Module (PIC12F615/617/HV615 only) ............................................................................... 79
11.0  Enhanced Capture/Compare/PWM (With Auto-Shutdown and Dead Band) Module (PIC12F615/617/HV615 only) ............... 89
12.0 Special Features of the CPU ................................................................................................................................................... 107
13.0 Voltage Regulator .................................................................................................................................................................... 127
14.0  Instruction Set Summary ........................................................................................................................................................ 129
15.0  Development Support ............................................................................................................................................................. 139
16.0 Electrical Specifications ........................................................................................................................................................... 143
17.0 DC and AC Characteristics Graphs and Tables ...................................................................................................................... 171
18.0  Packaging Information ............................................................................................................................................................ 195
Appendix A: Data Sheet Revision History ......................................................................................................................................... 203
Appendix B: Migrating from other PIC® Devices ............................................................................................................................... 203
 Index ................................................................................................................................................................................................. 205
The Microchip Web Site .................................................................................................................................................................... 209
Customer Change Notification Service ............................................................................................................................................. 209
Customer Support ............................................................................................................................................................................. 209
Reader Response ............................................................................................................................................................................. 210
Product Identification System ............................................................................................................................................................ 211
Worldwide Sales and Service ........................................................................................................................................................... 212

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced. 

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via 
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:

http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision of
silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

• Microchip’s Worldwide Web site; http://www.microchip.com

• Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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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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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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11.4 PWM (Enhanced Mode)

The Enhanced PWM Mode can generate a PWM signal
on up to four different output pins with up to 10-bits of
resolution. It can do this through four different PWM
output modes:

• Single PWM

• Half-Bridge PWM

To select an Enhanced PWM mode, the P1M bits of the
CCP1CON register must be set appropriately.

The PWM outputs are multiplexed with I/O pins and 
designated P1A and P1B. The polarity of the PWM p
is configurable and is selected by setting the CCP
bits in the CCP1CON register appropriately.

Table 11-6 shows the pin assignments for ea
Enhanced PWM mode.

Figure 11-5 shows an example of a simplified bl
diagram of the Enhanced PWM module.

FIGURE 11-5: EXAMPLE SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODE     

TABLE 11-6: EXAMPLE PIN ASSIGNMENTS FOR VARIOUS PWM ENHANCED MODES  

Note: To prevent the generation of 
incomplete waveform when the PWM
first enabled, the ECCP module waits un
the start of a new PWM period befo
generating a PWM signal.

CCPR1L

CCPR1H (Slave)

Comparator

TMR2

Comparator

PR2

(1)

R Q

S

Duty Cycle Registers
CCP1<1:0>

Clear Timer2,
toggle PWM pin and 
latch duty cycle

* Alternate pin function.
Note 1: The 8-bit timer TMR2 register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler to create the 10-bit time ba

TRISIO2

CCP1/P1A

Output
Controller

P1M<1:0>
2

CCP1M<3:0>
4

PWM1CON

CCP1/P1A

P1B

0

1

TRISIO5

CCP1/P1A*

P1ASEL
(APFCON<0>)

TRISIO0

P1B0

1

TRISIO4

P1B*

P1BSEL
(APFCON<1>)

Note 1: The TRIS register value for each PWM output must be configured appropriately.

2: Clearing the CCP1CON register will relinquish ECCP control of all PWM output pins.

3: Any pin not used by an Enhanced PWM mode is available for alternate pin functions.

ECCP Mode P1M<1:0> CCP1/P1A P1B

Single 00 Yes(1) Yes(1)

Half-Bridge 10 Yes Yes
 2010 Microchip Technology Inc. DS41302D-page 97











PIC12F609/615/617/12HV609/615
RETFIE Return from Interrupt

Syntax: [ label ]    RETFIE

Operands: None

Operation: TOS  PC,
1  GIE

Status Affected: None

Description: Return from Interrupt. Stack is 
POPed and Top-of-Stack (TOS) 
is loaded in the PC. Interrupts are 
enabled by setting Global
Interrupt Enable bit, GIE (INT-
CON<7>). This is a two-cycle 
instruction.

Words: 1

Cycles: 2

Example: RETFIE

After Interrupt
PC = TOS
GIE = 1

RETLW Return with literal in W

Syntax: [ label ]    RETLW   k

Operands: 0  k  255

Operation: k  (W); 
TOS  PC

Status Affected: None

Description: The W register is loaded with the 
eight-bit literal ‘k’. The program 
counter is loaded from the top of 
the stack (the return address). 
This is a two-cycle instruction.

Words: 1

Cycles: 2

Example:

TABLE

DONE

CALL TABLE;W contains
   ;table offset
   ;value

GOTO DONE
�
�
ADDWF PC  ;W = offset
RETLW k1  ;Begin table
RETLW k2  ;
�
�
�
RETLW kn  ;End of table

Before Instruction
W = 0x07

After Instruction
W = value of k8

RETURN Return from Subroutine

Syntax: [ label ]    RETURN

Operands: None

Operation: TOS  PC

Status Affected: None

Description: Return from subroutine. The stack 
is POPed and the top of the stack 
(TOS) is loaded into the program 
counter. This is a two-cycle 
instruction.
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FIGURE 17-39: SCHMITT TRIGGER INPUT THRESHOLD VIN vs. VDD OVER TEMPERATURE

FIGURE 17-40: TYPICAL HFINTOSC START-UP TIMES vs. VDD OVER TEMPERATURE
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