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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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PIC12F519

FIGURE 1: PIC12F519 8-PIN PDIP, SOIC, MSOP, 2X3 DFN DIAGRAM
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PIC12F519
1.0 GENERAL DESCRIPTION
The PIC12F519 device from Microchip Technology is
low-cost, high-performance, 8-bit, fully-static, Flash-
based CMOS microcontrollers. They employ a RISC
architecture with only 33 single-word/single-cycle
instructions. All instructions are single cycle except for
program branches, which take two cycles. The
PIC12F519 device delivers performance an order of
magnitude higher than their competitors in the same
price category. The 12-bit wide instructions are highly
symmetrical, resulting in a typical 2:1 code
compression over other 8-bit microcontrollers in its
class. The easy-to-use and easy to remember
instruction set reduces development time significantly.

The PIC12F519 product is equipped with special
features that reduce system cost and power
requirements. The Power-on Reset (POR) and Device
Reset Timer (DRT) eliminate the need for external
Reset circuitry. There are four oscillator configurations
to choose from including INTRC Internal Oscillator
mode and the power-saving LP (Low-power) Oscillator
mode. Power-Saving Sleep mode, Watchdog Timer
and code protection features improve system cost,
power and reliability.

The PIC12F519 device is available in the cost-effective
Flash programmable version, which is suitable for
production in any volume. The customer can take full
advantage of Microchip’s price leadership in Flash
programmable microcontrollers, while benefiting from
the Flash programmable flexibility.

The PIC12F519 product is supported by a full-featured
macro assembler, a software simulator, an in-circuit
emulator, a low-cost development programmer and a
full featured programmer. All the tools are supported on
PC and compatible machines.

1.1 Applications
The PIC12F519 device fits in applications ranging from
personal care appliances and security systems to low-
power remote transmitters/receivers. The Flash
technology makes customizing application programs
(transmitter codes, appliance settings, receiver
frequencies, etc.) extremely fast and convenient. The
small footprint packages, for through hole or surface
mounting, make these microcontrollers perfect for
applications with space limitations. Low cost, low
power, high performance, ease of use and I/O flexibility
make the PIC12F519 device very versatile even in
areas where no microcontroller use has been
considered before (e.g., timer functions, logic and
PLDs in larger systems and coprocessor applications).

TABLE 1-1: FEATURES AND MEMORY OF PIC12F519 
PIC12F519

Clock Maximum Frequency of Operation (MHz) 8
Memory Flash Program Memory 1024

SRAM Data Memory (bytes) 41
Flash Data Memory (bytes) 64

Peripherals Timer Module(s) TMR0
Wake-up from Sleep on Pin Change Yes

Features I/O Pins 5
Input Pins 1
Internal Pull-ups Yes
In-Circuit Serial Programming™ Yes
Number of Instructions 33
Packages 8-pin PDIP, SOIC, MSOP, 2X3 DFN 

The PIC12F519 device has Power-on Reset, selectable Watchdog Timer, selectable code-protect, high I/O current capability and
precision internal oscillator.
The PIC12F519 device uses serial programming with data pin GP0 and clock pin GP1.
© 2008 Microchip Technology Inc. DS41319B-page 5



PIC12F519

3.1 Clocking Scheme/Instruction 

Cycle
The clock input (OSC1/CLKIN pin) is internally divided
by four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the PC
is incremented every Q1 and the instruction is fetched
from program memory and latched into the instruction
register in Q4. It is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2 and Example 3-1.

3.2 Instruction Flow/Pipelining
An instruction cycle consists of four Q cycles (Q1, Q2,
Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle,
while decode and execute take another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the PC to change (e.g., GOTO), then two cycles
are required to complete the instruction (Example 3-1).

A fetch cycle begins with the PC incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

Q1

Q2

Q3

Q4

PC PC PC + 1 PC + 2

Fetch INST (PC)
Execute INST (PC - 1) Fetch INST (PC + 1)

Execute INST (PC) Fetch INST (PC + 2)
Execute INST (PC + 1)

Internal
Phase
Clock

All instructions are single cycle, except for any program branches. These take two cycles, since the fetch instruction
is “flushed” from the pipeline, while the new instruction is being fetched and then executed. 

1. MOVLW 03H Fetch 1 Execute 1
2. MOVWF GPIO Fetch 2 Execute 2
3. CALL  SUB_1 Fetch 3 Execute 3
4. BSF  GPIO, 1 Fetch 4 Flush

Fetch SUB_1 Execute SUB_1
DS41319B-page 12 © 2008 Microchip Technology Inc.



PIC12F519

FIGURE 7-3: TIMER0 TIMING: INTERNAL CLOCK/PRESCALE 1:2   

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER0
Add
res
s

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

Reset

Value on
All Other 
Resets

01h TMR0 Timer0 – 8-bit Real-Time Clock/Counter xxxx xxxx uuuu uuuu

N/A OPTION GPWU GPPU T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

N/A TRISGPIO — — TRISGPIO5 TRISGPIO4 TRISGPIO3 TRISGPIO2 TRISGPIO1 TRISGPIO0 --11 1111 --11 1111

Legend: x = unknown, u = unchanged, – = unimplemented, read as ‘0’, Shaded cells = unimplemented, read as ‘0’

PC – 1

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Instruction
Fetch

Timer0

PC PC + 1 PC + 2 PC + 3 PC + 4 PC + 6

T0 T0 + 1 NT0 NT0 + 1

MOVWF TMR0 MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W

Write TMR0
executed

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0 + 1

Read TMR0
reads NT0 + 2

Instruction
Executed

PC + 5

PC
(Program
Counter)
DS41319B-page 32 © 2008 Microchip Technology Inc.
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REGISTER 8-1: CONFIG: CONFIGURATION WORD REGISTER(1)

— CPDF IOSCFS MCLRE CP WDTE FOSC1 FOSC0
bit 7 bit 0

bit 7 Unimplemented: Read as ‘1’
bit 6 CPDF: Code Protection bit - Flash Data Memory

1 = Code protection off
0 = Code protection on

bit 5 IOSCFS: Internal Oscillator Frequency Select bit
1 = 8 MHz INTOSC frequency
0 = 4 MHz INTOSC frequency

bit 4 MCLRE: Master Clear Enable bit
1 = GP3/MCLR pin functions as MCLR
0 = GP3/MCLR pin functions as GP3, MCLR internally tied to VDD

bit 3 CP: Code Protection bit - User Program Memory
1 = Code protection off
0 = Code protection on

bit 2 WDTE: Watchdog Timer Enable bit 
1 = WDT enabled
0 = WDT disabled

bit 1-0 FOSC<1:0>: Oscillator Selection bits
00 = LP oscillator with 18 ms DRT(2)

01 = XT oscillator with 18 ms DRT(2)

10 = INTOSC with 1 ms DRT(2)

11 = EXTRC with 1 ms DRT(2)

Note 1: Refer to the “PIC12F519 Memory Programming Specification”, DS41316 to determine how to
program/erase the Configuration Word.

2: DRT length (18 ms or 1 ms) is a function of clock mode selection. It is the responsibility of the application
designer to ensure the use of either 18 ms (nominal) DRT or the 1 ms (nominal) DRT will result in
acceptable operation. Refer to Figure 11-1 and Table 11-2 for VDD rise time and stability requirements for
this mode of operation.
DS41319B-page 38 © 2008 Microchip Technology Inc.



PIC12F519

TABLE 8-4: RESET CONDITION FOR SPECIAL REGISTERS

8.3.1 MCLR ENABLE
This Configuration bit, when unprogrammed (left in the
‘1’ state), enables the external MCLR function. When
programmed, the MCLR function is tied to the internal
VDD and the pin is assigned to be a I/O. See Figure 8-6.

FIGURE 8-6: MCLR SELECT

8.4 Power-on Reset (POR)
The PIC12F519 device incorporates an on-chip
Power-on Reset (POR) circuitry, which provides an
internal chip Reset for most power-up situations.

The on-chip POR circuit holds the chip in Reset until
VDD has reached a high enough level for proper
operation. To take advantage of the internal POR,
program the GP3/MCLR/VPP pin as MCLR and tie
through a resistor to VDD, or program the pin as GP3, in
which case, an internal weak pull-up resistor is
implemented using a transistor (refer to Table 11-4 for
the pull-up resistor ranges). This will eliminate external
RC components usually needed to create a Power-on
Reset. A maximum rise time for VDD is specified. See
Section 11.0 “Electrical Characteristics” for details.

When the devices start normal operation (exit the Reset
condition), device operating parameters (voltage,
frequency, temperature,...) must be met to ensure
operation. If these conditions are not met, the devices
must be held in Reset until the operating parameters
are met.

A simplified block diagram of the on-chip Power-on
Reset circuit is shown in Figure 8-7. 

The Power-on Reset circuit and the Device Reset Timer
(see Section 8.5 “Device Reset Timer (DRT)”) circuit
are closely related. On power-up, the Reset latch is set
and the DRT is reset. The DRT timer begins counting
once it detects MCLR to be high. After the time-out
period, which is typically 18 ms or 1 ms, it will reset the
Reset latch and thus end the on-chip Reset signal.

A power-up example where MCLR is held low is shown
in Figure 8-8. VDD is allowed to rise and stabilize before
bringing MCLR high. The chip will actually come out of
Reset TDRT after MCLR goes high.

In Figure 8-9, the on-chip Power-on Reset feature is
being used (MCLR and VDD are tied together or the pin
is programmed to be GP3). The VDD is stable before
the Start-up timer times out and there is no problem in
getting a proper Reset. However, Figure 8-10 depicts a
problem situation where VDD rises too slowly. The time
between when the DRT senses that MCLR is high and
when MCLR and VDD actually reach their full value, is
too long. In this situation, when the start-up timer times
out, VDD has not reached the VDD (min) value and the
chip may not function correctly. For such situations, we
recommend that external RC circuits be used to
achieve longer POR delay times (Figure 8-9).

For additional information, refer to Application Note
AN522, “Power-Up Considerations” (DS00522)

STATUS Addr: 03h

Power-on Reset 0-01 1xxx

MCLR Reset during normal operation 0-0u uuuu

MCLR Reset during Sleep 0-01 0uuu

WDT Reset during Sleep 0-00 0uuu

WDT Reset normal operation 0-00 uuuu

Wake-up from Sleep on pin change 1-01 0uuu

Legend: u = unchanged, x = unknown

GP3/MCLR/VPP

MCLRE Internal MCLR

GPPU

Note: When the devices start normal operation
(exit the Reset condition), device operat-
ing parameters (voltage, frequency, tem-
perature, etc.) must be met to ensure
operation. If these conditions are not met,
the device must be held in Reset until the
operating conditions are met.
DS41319B-page 42 © 2008 Microchip Technology Inc.
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FIGURE 8-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): SLOW VDD RISE 

TIME   

VDD

MCLR

Internal POR

DRT Time-out

Internal Reset

TDRT

V1

Note: When VDD rises slowly, the TDRT time-out expires long before VDD has reached its final
value. In this example, the chip will reset properly if, and only if, V1 ≥ VDD min.
DS41319B-page 44 © 2008 Microchip Technology Inc.
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8.9 Program Verification/Code 

Protection
If the code protection bits have not been programmed,
the on-chip program and data memory can be read out
for verification purposes.

The first 64 locations and the last location (OSCCAL)
can be read, regardless of the setting of the program
memory’s code protection bit. If the code protect bit
specific to the FLASH data memory is programmed,
then none of the contents of this memory region can be
verified externally.

8.10 ID Locations
Four memory locations are designated as ID locations
where users can store checksum or other code
identification numbers. These locations are not
accessible during normal execution, but are readable
and writable during program/verify.

Use only the lower 4 bits of the ID locations. The upper
bits should be programmed as 0s. 

8.11 In-Circuit Serial Programming™
The PIC12F519 device can be serially programmed
while in the end application circuit. This is simply done
with two lines for clock and data, and three other lines
for power, ground and the programming voltage. This
allows users to manufacture boards with
unprogrammed PIC12F519 device and then program
the PIC12F519 device just before shipping the product.
This also allows the most recent firmware, or a custom
firmware, to be programmed.

The PIC12F519 device is placed into a Program/Verify
mode by holding the GP1 and GP0 pins low while
raising the MCLR (VPP) pin from VIL to VIHH (see
programming specification). The GP1 pin becomes the
programming clock, and the GP0 pin becomes the
programming data. Both GP1 and GP0 pins are Schmitt
Trigger inputs in this mode.

After Reset, a 6-bit command is then supplied to the
device. Depending on the command, 14 bits of program
data are then supplied to or from the device, depending
if the command was a Load or a Read. For complete
details of serial programming, please refer to the
“PIC12F519 Memory Programming Specification,”
(DS41316).

A typical In-Circuit Serial Programming connection is
shown in Figure 8-12.

FIGURE 8-12: TYPICAL IN-CIRCUIT 
SERIAL PROGRAMMING 
CONNECTION

External
Connector
Signals

To Normal
Connections

To Normal
Connections

PIC12F519
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GP1/ICSPCLK

GP0/ICSPDAT

+5V
0V

VPP

CLK
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VDD
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PIC12F519
9.0 INSTRUCTION SET SUMMARY
The PIC12F519 instruction set is highly orthogonal and
is comprised of three basic categories.

• Byte-oriented operations
• Bit-oriented operations
• Literal and control operations

Each PIC12F519 instruction is a 12-bit word divided
into an opcode, which specifies the instruction type,
and one or more operands which further specify the
operation of the instruction. The formats for each of the
categories is presented in Figure 9-1, while the various
opcode fields are summarized in Table 9-1.

For byte-oriented instructions, ‘f’ represents a file reg-
ister designator and ‘d’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is ‘0’, the result is
placed in the W register. If ‘d’ is ‘1’, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while ‘f’ represents the number of the
file in which the bit is located.

For literal and control operations, ‘k’ represents an
8 or 9-bit constant or literal value.

TABLE 9-1: OPCODE FIELD 
DESCRIPTIONS

All instructions are executed within a single instruction
cycle, unless a conditional test is true or the program
counter is changed as a result of an instruction. In this
case, the execution takes two instruction cycles. One
instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 μs. If a conditional test is
true or the program counter is changed as a result of an
instruction, the instruction execution time is 2 μs.

Figure 9-1 shows the three general formats that the
instructions can have. All examples in the figure use
the following format to represent a hexadecimal
number:

0xhhh

where ‘h’ signifies a hexadecimal digit. 

FIGURE 9-1: GENERAL FORMAT FOR 
INSTRUCTIONS   

Field Description

f Register file address (0x00 to 0x7F)
W Working register (accumulator)
b Bit address within an 8-bit file register
k Literal field, constant data or label
x Don’t care location (= 0 or 1) 

The assembler will generate code with x = 0. It is 
the recommended form of use for compatibility with 
all Microchip software tools.

d Destination select; 
d = 0 (store result in W)
d = 1 (store result in file register ‘f’)
Default is d = 1

label Label name
TOS Top-of-Stack
PC Program Counter

WDT Watchdog Timer counter
TO Time-out bit
PD Power-down bit
dest Destination, either the W register or the specified 

register file location
[  ] Options
(  ) Contents

→ Assigned to
< > Register bit field

∈ In the set of
italics User defined term (font is courier)

Byte-oriented file register operations

11                           6    5    4                              0

d = 0 for destination W

OPCODE            d              f (FILE #)

d = 1 for destination f
f  = 5-bit file register address

Bit-oriented file register operations

11                           8  7         5   4                       0
OPCODE          b (BIT #)        f (FILE #)

b = 3-bit bit address
f  = 5-bit file register address

Literal and control operations (except GOTO)

11                                  8    7                             0
OPCODE                              k (literal)

k  = 8-bit immediate value

Literal and control operations – GOTO instruction

11                                 9    8                             0
OPCODE                              k (literal)

k  = 9-bit immediate value
© 2008 Microchip Technology Inc. DS41319B-page 49



PIC12F519
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.

RLF Rotate Left f through Carry
Syntax: [ label ] RLF    f,d

Operands: 0 ≤ f ≤ 31
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 reg-
ister ‘f’.

RRF Rotate Right f through Carry
Syntax: [ label ]    RRF   f,d

Operands: 0 ≤ f ≤ 31
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’.

C register  ‘f’

C register  ‘f’

SLEEP Enter SLEEP Mode
Syntax: [label ] SLEEP

Operands: None

Operation: 00h → WDT;
0 → WDT prescaler;
1 → TO;
0 → PD

Status Affected: TO, PD, GPWUF

Description: Time-out Status bit (TO) is set. The 
Power-down Status bit (PD) is 
cleared. 
GPWUF is unaffected.
The WDT and its prescaler are 
cleared.
The processor is put into Sleep 
mode with the oscillator stopped. 
See Section 8.8 “Power-down 
Mode (Sleep)” on Sleep for more 
details.

SUBWF Subtract W from f
Syntax: [label ] SUBWF   f,d

Operands: 0 ≤ f ≤ 31
d ∈ [0,1]

Operation: (f) – (W) → (dest)

Status Affected: C, DC, Z

Description: Subtract (two’s complement 
method) the W register from regis-
ter ‘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’.

SWAPF Swap Nibbles in f
Syntax: [ label ] SWAPF  f,d

Operands: 0 ≤ f ≤ 31
d ∈ [0,1]

Operation: (f<3:0>) → (dest<7:4>);
(f<7:4>) → (dest<3:0>)

Status Affected: None

Description: The upper and lower nibbles of 
register ‘f’ are exchanged. If ‘d’ is 
‘0’, the result is placed in W 
register. If ‘d’ is ‘1’, the result is 
placed in register ‘f’.
© 2008 Microchip Technology Inc. DS41319B-page 55



PIC12F519
11.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(†)

Ambient temperature under bias.......................................................................................................... -40°C to +125°C

Storage temperature ............................................................................................................................ -65°C to +150°C

Voltage on VDD with respect to VSS ...............................................................................................................0 to +6.5V

Voltage on MCLR with respect to VSS..........................................................................................................0 to +13.5V

Voltage on all other pins with respect to VSS ............................................................................... -0.3V to (VDD + 0.3V)

Total power dissipation(1) ..................................................................................................................................700 mW

Max. current out of VSS pin ................................................................................................................................200 mA

Max. current into VDD pin ...................................................................................................................................150 mA

Input clamp current, IIK (VI < 0 or VI > VDD) ...................................................................................................................±20 mA

Output clamp current, IOK (VO < 0 or VO > VDD) ...........................................................................................................±20 mA

Max. output current sunk by any I/O pin .............................................................................................................. 25 mA

Max. output current sourced by any I/O pin ......................................................................................................... 25 mA

Max. output current sourced by I/O port .............................................................................................................. 75 mA

Max. output current sunk by I/O port ................................................................................................................... 75 mA

Note 1: Power dissipation is calculated as follows: PDIS = VDD x {IDD – ∑ IOH} + ∑ {(VDD – VOH) x IOH} + ∑(VOL x IOL) 
†NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
© 2008 Microchip Technology Inc. DS41319B-page 61
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11.1 DC Characteristics

TABLE 11-1: DC CHARACTERISTICS: PIC12F519 (INDUSTRIAL) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise specified)
Operating Temperature -40°C ≤ TA ≤ +85°C (industrial)

Param 
No. Sym. Characteristic Min. Typ(1) Max. Units Conditions

D001 VDD Supply Voltage 2.0 5.5 V See Figure 11-1 
D002 VDR RAM Data Retention Voltage(2) — 1.5* — V Device in Sleep mode
D003 VPOR VDD Start Voltage to ensure 

Power-on Reset
— Vss — V See Section 8.4 “Power-on 

Reset (POR)” for details
D004 SVDD VDD Rise Rate to ensure 

Power-on Reset
0.05* — — V/ms See Section 8.4 “Power-on 

Reset (POR)” for details
D005 IDDP Supply Current During Prog/

Erase.
— 250* — μA

D010 IDD Supply Current(3,4) —
—

175
400

250
700

μA
μA

FOSC = 4 MHz, VDD = 2.0V
FOSC = 4 MHz, VDD = 5.0V

—
—

250
0.75

400
1.2

μA
mA

FOSC = 8 MHz, VDD = 2.0V
FOSC = 8 MHz, VDD = 5.0V

—
—

11
38

20
54

μA
μA

FOSC = 32 kHz, VDD = 2.0V
FOSC = 32 kHz, VDD = 5.0V

D020 IPD Power-down Current(5) —
—

0.1
0.35

1.2
2.2

μA
μA

VDD = 2.0V
VDD = 5.0V

D022 IWDT WDT Current —
—

1.0
7.0

3.0
16.0

μA
μA

VDD = 2.0V
VDD = 5.0V

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design 

guidance only and is not tested.
2: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.
3: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscillator type, bus rate, internal code execution pattern and temperature also have an impact on 
the current consumption.

4: The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail for external clock modes; all I/O pins tri-stated, pulled to 
VSS, T0CKI = VDD, MCLR = VDD; WDT enabled/disabled as specified. 

5: For standby current measurements, the conditions are the same as IDD, except that the device is in Sleep 
mode. If a module current is listed, the current is for that specific module enabled and the device in Sleep.
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11.3 AC Characteristics

TABLE 11-5: EXTERNAL CLOCK TIMING REQUIREMENTS 

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)
Operating Temperature -40°C ≤ TA ≤ +85°C (industrial),

-40°C ≤ TA ≤ +125°C (extended)
Operating Voltage VDD range is described in Section 11.0 “Electri-
cal Characteristics”

Param 
No. Sym. Characteristic Min. Typ(1) Max. Units Conditions

1A FOSC External CLKIN Frequency(2) DC — 4 MHz XT Oscillator mode
DC — 200 kHz LP Oscillator mode

Oscillator Frequency(2) DC — 4 MHz EXTRC Oscillator mode 
0.1 — 4 MHz XT Oscillator mode 
DC — 200 kHz LP Oscillator mode

1 TOSC External CLKIN Period(2) 250 — — ns XT Oscillator mode
5 — — μs LP Oscillator mode 

Oscillator Period(2) 250 — — ns EXTRC Oscillator mode 
250 — 10,000 ns XT Oscillator mode 

5 — — μs LP Oscillator mode
2 TCY Instruction Cycle Time 200 4/FOSC DC ns
3 TosL, 

TosH
Clock in (OSC1) Low or High 
Time

50* — — ns XT Oscillator
2* — — μs LP Oscillator

4 TosR, 
TosF

Clock in (OSC1) Rise or Fall 
Time

— — 25* ns XT Oscillator
— — 50* ns LP Oscillator

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design 

guidance only and are not tested.
2: 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. When an external clock 
input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
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TABLE 11-7: TIMING REQUIREMENTS

FIGURE 11-6: RESET, WATCHDOG TIMER AND DEVICE RESET TIMER TIMING 

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)
Operating Temperature -40°C ≤ TA ≤ +85°C (industrial)

-40°C ≤ TA ≤ +125°C (extended)
Operating Voltage VDD range is described in 

Param 
No. Sym. Characteristic Min. Typ(1) Max. Units

17 TOSH2IOV OSC1↑ (Q1 cycle) to Port Out Valid(2), (3) — — 100* ns

18 TOSH2IOI OSC1↑ (Q2 cycle) to Port Input Invalid (I/O in hold 
time)(2)

50 — — ns

19 TIOV2OSH Port Input Valid to OSC1↑ (I/O in setup time) 20 — — ns

20 TIOR Port Output Rise Time(3) — 10 50** ns

21 TIOF Port Output Fall Time(3) — 10 50** ns

TBD = To be determined.

* These parameters are characterized but not tested.
** These parameters are design targets and are not tested. 

Note 1: Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design 
guidance only and are not tested.

2: Measurements are taken in EXTRC mode.
3: See Figure 11-3 for loading conditions.

VDD

MCLR

Internal
POR

DRT
Time-out(2)

Internal
Reset

Watchdog
Timer
Reset

32

31

34

I/O pin(1)

32 32

34

30

Note 1: I/O pins must be taken out of High-Impedance mode by enabling the output drivers in software.
2: Runs in MCLR or WDT Reset only in XT and LP.
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FIGURE 12-8: WDT  TIME-OUT vs. VDD OVER TEMPERATURE (NO PRESCALER)   

FIGURE 12-9: VOL vs. IOL OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 12-10: VOL vs. IOL OVER TEMPERATURE (VDD = 5.0V)

FIGURE 12-11: VOH vs. IOH OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 12-12: VOH vs. IOH OVER TEMPERATURE (VDD = 5.0V)

FIGURE 12-13: TTL INPUT THRESHOLD VIN vs. VDD
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APPENDIX A: REVISION HISTORY
Revision A (May 2007)
Original release of this document.

Revision B (September 2008)
Added DC and AC Characteristics graphs; Updated
Electrical Characteristics section; Updated Package
Drawings and made general edits.
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