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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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PIC12C5XX
3.0 ARCHITECTURAL OVERVIEW 
The high performance of the PIC12C5XX family can
be attributed to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC12C5XX uses a Harvard architecture in
which program and data are accessed on separate
buses. This improves bandwidth over traditional von
Neumann architecture where program and data are
fetched on the same bus. Separating program and
data memory further allows instructions to be sized
differently than the 8-bit wide data word. Instruction
opcodes are 12-bits wide making it possible to have all
single word instructions. A 12-bit wide program
memory access bus fetches a 12-bit instruction in a
single cycle. A two-stage pipeline overlaps fetch and
execution of instructions. Consequently, all instructions
(33) execute in a single cycle (1µs @ 4MHz) except for
program branches. 

The table below lists program memory (EPROM), data
memory (RAM), ROM memory, and non-volatile
(EEPROM) for each device.

The PIC12C5XX can directly or indirectly address its
register files and data memory. All special function
registers including the program counter are mapped in
the data memory. The PIC12C5XX has a highly
orthogonal (symmetrical) instruction set that makes it
possible to carry out any operation on any register
using any addressing mode. This symmetrical nature
and lack of ‘special optimal situations’ make
programming with the PIC12C5XX simple yet efficient.
In addition, the learning curve is reduced significantly.

Device

Memory

EPROM
Program

ROM
Program

RAM
Data

EEPROM
Data

PIC12C508 512 x 12 25

PIC12C509 1024 x 12 41

PIC12C508A 512 x 12 25

PIC12C509A 1024 x 12 41

PIC12CR509A 1024 x 12 41

PIC12CE518 512 x 12 25 x 8 16 x 8

PIC12CE519 1024 x 12 41 x 8 16 x 8
 1999 Microchip Technology Inc.
The PIC12C5XX device contains an 8-bit ALU and
working register. The ALU is a general purpose
arithmetic unit. It performs arithmetic and Boolean
functions between data in the working register and any
register file.

The ALU is 8-bits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the W (working) register. The
other operand is either a file register or an immediate
constant. In single operand instructions, the operand is
either the W register or a file register.

The W register is an 8-bit working register used for
ALU operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC),
and Zero (Z) bits in the STATUS register. The C and
DC bits operate as a borrow and digit borrow out bit,
respectively, in subtraction. See the SUBWF and ADDWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
the corresponding device pins described in Table 3-1.
DS40139E-page 9



PIC12C5XX
TABLE 3-1:  PIC12C5XX PINOUT DESCRIPTION

Name
DIP 

Pin #
SOIC 
Pin #

I/O/P 
Type

Buffer
 Type

Description

GP0 7 7 I/O TTL/ST Bi-directional I/O port/ serial programming data. Can 
be software programmed for internal weak pull-up and 
wake-up from SLEEP on pin change. This buffer is a 
Schmitt Trigger input when used in serial programming 
mode.

GP1 6 6 I/O TTL/ST Bi-directional I/O port/ serial programming clock. Can 
be software programmed for internal weak pull-up and 
wake-up from SLEEP on pin change. This buffer is a 
Schmitt Trigger input when used in serial programming 
mode.

GP2/T0CKI 5 5 I/O ST Bi-directional I/O port. Can be configured as T0CKI.

GP3/MCLR/VPP 4 4 I TTL/ST Input port/master clear (reset) input/programming volt-
age input. When configured as MCLR, this pin is an 
active low reset to the device. Voltage on MCLR/VPP 
must not exceed VDD during normal device operation 
or the device will enter programming mode. Can be 
software programmed for internal weak pull-up and 
wake-up from SLEEP on pin change. Weak pull-up 
always on if configured as MCLR.  ST when in MCLR 
mode.

GP4/OSC2 3 3 I/O TTL Bi-directional I/O port/oscillator crystal output. Con-
nections to crystal or resonator in crystal oscillator 
mode (XT and LP modes only, GPIO in other modes).

GP5/OSC1/CLKIN 2 2 I/O TTL/ST Bidirectional IO port/oscillator crystal input/external 
clock source input (GPIO in Internal RC mode only, 
OSC1 in all other oscillator modes). TTL input when 
GPIO, ST input in external RC oscillator mode.

VDD 1 1 P — Positive supply for logic and I/O pins

VSS 8 8 P — Ground reference for logic and I/O pins

Legend: I = input, O = output, I/O = input/output, P = power, — = not used, TTL = TTL input,
ST = Schmitt Trigger input
 1999 Microchip Technology Inc. DS40139E-page 11



PIC12C5XX
6.0 TIMER0 MODULE AND 
TMR0 REGISTER

The Timer0 module has the following features:

• 8-bit timer/counter register, TMR0
- Readable and writable

• 8-bit software programmable prescaler

• Internal or external clock select

- Edge select for external clock

Figure 6-1 is a simplified block diagram of the Timer0
module.

Timer mode is selected by clearing the T0CS bit
(OPTION<5>). In timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
TMR0 register is written, the increment is inhibited for
the following two instruction cycles (Figure 6-2 and
Figure 6-3). The user can work around this by writing
an adjusted value to the TMR0 register.
 1999 Microchip Technology Inc.
Counter mode is selected by setting the T0CS bit
(OPTION<5>). In this mode, Timer0 will increment
either on every rising or falling edge of pin T0CKI. The
T0SE bit (OPTION<4>) determines the source edge.
Clearing the T0SE bit selects the rising edge.
Restrictions on the external clock input are discussed
in detail in Section 6.1.

The prescaler may be used by either the Timer0
module or the Watchdog Timer, but not both. The
prescaler assignment is controlled in software by the
control bit PSA (OPTION<3>). Clearing the PSA bit
will assign the prescaler to Timer0. The prescaler is
not readable or writable. When the prescaler is
assigned to the Timer0 module, prescale values of 1:2,
1:4,..., 1:256 are selectable. Section 6.2 details the
operation of the prescaler.

A summary of registers associated with the Timer0
module is found in Table 6-1.
FIGURE 6-1: TIMER0 BLOCK DIAGRAM 

Note 1: Bits T0CS, T0SE, PSA, PS2, PS1 and PS0 are located in the OPTION register.
2: The prescaler is shared with the Watchdog Timer (Figure 6-5).

0

1

1

0

T0CS(1)

FOSC/4

Programmable
Prescaler(2)

Sync with
Internal
Clocks

TMR0 reg

PSout

(2 TCY delay)

PSout

Data bus

8

PSA(1)PS2, PS1, PS0(1)

3

Sync
T0SE

GP2/T0CKI
Pin
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PIC12C5XX
FIGURE 6-2: TIMER0 TIMING: INTERNAL CLOCK/NO PRESCALE    

FIGURE 6-3: TIMER0 TIMING: INTERNAL CLOCK/PRESCALE 1:2    

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMER0

Address 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 TRIS — — GP5 GP4 GP3 GP2 GP1 GP0 --11 1111 --11 1111

Legend: Shaded cells not used by Timer0, - = unimplemented, x = unknown, u = unchanged,

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 Q4PC
(Program
Counter)

Instruction
Fetch

Timer0

PC PC+1 PC+2 PC+3 PC+4 PC+5 PC+6

T0 T0+1 T0+2 NT0 NT0+1 NT0+2

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-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 Q4PC
(Program
Counter)

Instruction
Fetch

Timer0

PC PC+1 PC+2 PC+3 PC+4 PC+5 PC+6

T0 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

Read TMR0
reads NT0 + 1

T0+1 NT0

Instruction
Execute

T0
DS40139E-page 26  1999 Microchip Technology Inc.



PIC12C5XX
7.0 EEPROM PERIPHERAL 
OPERATION

This section applies to PIC12CE518 and
PIC12CE519 only.

The PIC12CE518 and PIC12CE519 each have 16
bytes of EEPROM data memory.  The EEPROM mem-
ory has an endurance of 1,000,000 erase/write cycles
and a data retention of greater than 40 years.  The
EEPROM data memory supports a bi-directional 2-wire
bus and data transmission protocol.  These two-wires
are serial data (SDA) and serial clock (SCL), that are
mapped to bit6 and bit7, respectively, of the GPIO reg-
ister (SFR 06h).  Unlike the GP0-GP5 that are con-
nected to the I/O pins, SDA and SCL are only
connected to the internal EEPROM peripheral.  For
most applications, all that is required is calls to the fol-
lowing functions:

; Byte_Write: Byte write routine
; Inputs: EEPROM Address EEADDR
; EEPROM Data EEDATA
; Outputs: Return 01 in W if OK, else
 return 00 in W
;
; Read_Current: Read EEPROM at address 
currently held by EE device. 
; Inputs: NONE
; Outputs: EEPROM Data EEDATA
; Return 01 in W if OK, else
 return 00 in W
;
; Read_Random: Read EEPROM byte at supplied 
address
; Inputs: EEPROM Address EEADDR
; Outputs: EEPROM Data EEDATA
; Return 01 in W if OK, 

else return 00 in W

The code for these functions is available on our website
www.microchip.com. The code will be accessed by
either including the source code FL51XINC.ASM or by
linking FLASH5IX.ASM.  

It is very important to check the return codes when
using these calls, and retry the operation if unsuccess-
ful.  Unsuccessful return codes occur when the EE data
memory is busy with the previous write, which can take
up to 4 mS.

7.0.1 SERIAL DATA

SDA is a bi-directional pin used to transfer addresses
and data into and data out of the device. 

For normal data transfer SDA is allowed to change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

The EEPROM interface is a 2-wire bus protocol con-
sisting of data (SDA) and a clock (SCL).  Although
these lines are mapped into the GPIO register, they are
not accessible as external pins; only to the internal
EEPROM peripheral.  SDA and SCL operation is also
slightly different than GPO-GP5 as listed below.
 1999 Microchip Technology Inc.
Namely, to avoid code overhead in modifying the TRIS
register, both SDA and SCL are always outputs.  To
read data from the EEPROM peripheral requires out-
putting a ‘1’ on SDA placing it in high-Z state, where
only the internal 100K pull-up is active on the SDA line.

SDA:
Built-in 100K (typical) pull-up to VDD
Open-drain (pull-down only)
Always an output
Outputs a ‘1’ on reset

SCL:
Full CMOS output
Always an output 
Outputs a ‘1’ on reset

The following example requires:

• Code Space:  77 words

• RAM Space: 5 bytes (4 are overlayable)

• Stack Levels:1 (The call to the function itself.  The 
functions do not call any lower level functions.)

• Timing:
- WRITE_BYTE takes 328 cycles

- READ_CURRENT takes 212 cycles

- READ_RANDOM takes 416 cycles.

• IO Pins:  0  (No external IO pins are used)

This code must reside in the lower half of a page.  The
code achieves it’s small size without additional calls
through the use of a sequencing table.  The table is a
list of procedures that must be called in order.  The
table uses an ADDWF PCL,F instruction,  effectively a
computed goto, to sequence to the next procedure.
However the ADDWF PCL,F instruction yields an 8 bit
address, forcing the code to reside in the first 256
addresses of a page.
DS40139E-page 29



PIC12C5XX
8.0 SPECIAL FEATURES OF THE 
CPU

What sets a microcontroller apart from other
processors are special circuits to deal with the needs
of real-time applications. The PIC12C5XX family of
microcontrollers has a host of such features intended
to maximize system reliability, minimize cost through
elimination of external components, provide power
saving operating modes and offer code protection.
These features are:

• Oscillator selection

• Reset
- Power-On Reset (POR)

- Device Reset Timer (DRT)

- Wake-up from SLEEP on pin change

• Watchdog Timer (WDT)

• SLEEP

• Code protection
• ID locations

• In-circuit Serial Programming
 1999 Microchip Technology Inc.
The PIC12C5XX has a Watchdog Timer which can be
shut off only through configuration bit WDTE. It runs
off of its own RC oscillator for added reliability. If using
XT or LP selectable oscillator options, there is always
an 18 ms (nominal) delay provided by the Device
Reset Timer (DRT), intended to keep the chip in reset
until the crystal oscillator is stable. If using INTRC or
EXTRC there is an 18 ms delay only on VDD power-up.
With this timer on-chip, most applications need no
external reset circuitry.

The SLEEP mode is designed to offer a very low
current power-down mode. The user can wake-up
from SLEEP through a change on input pins or
through a Watchdog Timer time-out. Several oscillator
options are also made available to allow the part to fit
the application, including an internal 4 MHz oscillator.
The EXTRC oscillator option saves system cost while
the LP crystal option saves power. A set of
configuration bits are used to select various options.

8.1 Configuration Bits

The PIC12C5XX configuration word consists of 12
bits. Configuration bits can be programmed to select
various device configurations. Two bits are for the
selection of the oscillator type, one bit is the Watchdog
Timer enable bit, and one bit is the MCLR enable bit. 
FIGURE 8-1:  CONFIGURATION WORD FOR PIC12C5XX  

— — — — — — — MCLRE CP WDTE FOSC1 FOSC0 Register: CONFIG

Address(1): FFFhbit11 10 9 8 7 6 5 4 3 2 1 bit0

bit 11-5: Unimplemented

bit 4: MCLRE: MCLR enable bit.
1 = MCLR pin enabled
0 = MCLR tied to VDD, (Internally)

bit 3: CP: Code protection bit.
1 = Code protection off
0 = Code protection on

bit  2: WDTE: Watchdog timer enable bit
1 = WDT enabled
0 = WDT disabled

bit  1-0: FOSC1:FOSC0: Oscillator selection bits
11 = EXTRC - external RC oscillator
10 = INTRC - internal RC oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: Refer to the PIC12C5XX Programming Specifications to determine how to access the
configuration word. This register is not user addressable during device operation.
DS40139E-page 35
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NOTES:
DS40139E-page 58
  1999 Microchip Technology Inc.



PIC12C5XX
11.0  ELECTRICAL CHARACTERISTICS - PIC12C508/PIC12C509
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 +7.5 V

Voltage on MCLR with respect to VSS...............................................................................................................0 to +14 V

Voltage on all other pins with respect to VSS ............................................................................... –0.6 V to (VDD + 0.6 V)

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 (GPIO) .................................................................................................100 mA

Max. Output Current sunk by I/O port (GPIO )......................................................................................................100 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 "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.
 1999 Microchip Technology Inc. DS40139E-page 65



PIC12C5XX
11.1 DC CHARACTERISTICS: PIC12C508/509 (Commercial, Industrial, Extended)

DC Characteristics
Power Supply Pins

Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C ≤ TA ≤ +70°C (commercial)

–40°C ≤ TA ≤ +85°C (industrial)
–40°C ≤ TA ≤ +125°C (extended)

Parm
No.

Characteristic Sym Min Typ(1) Max Units Conditions

D001 Supply Voltage VDD 2.5

3.0

5.5

5.5

V

V

FOSC = DC to 4 MHz (Commercial/
Industrial)
FOSC = DC to 4 MHz (Extended)

D002 RAM Data Retention

Voltage(2)
VDR 1.5* V Device in SLEEP mode

D003 VDD Start Voltage to 
ensure Power-on Reset

VPOR VSS V See section on Power-on Reset for details

D004 VDD Rise Rate to ensure 
Power-on Reset

SVDD 0.05
*

V/ms See section on Power-on Reset for details

D010

D010C

D010A

Supply Current(3)

IDD —

—

—

—

—

.78

1.1

10

14

14

2.4

2.4

27

35

35

mA

mA

µA

µA

µA

XT and EXTRC options (4)

FOSC = 4 MHz, VDD = 5.5V
INTRC Option
FOSC = 4 MHz, VDD = 5.5V
LP OPTION, Commercial Temperature
FOSC = 32 kHz, VDD = 3.0V, WDT disabled
LP OPTION, Industrial Temperature
FOSC = 32 kHz, VDD = 3.0V, WDT disabled
LP OPTION, Extended Temperature
FOSC = 32 kHz, VDD = 3.0V, WDT disabled

D020
D021
D021B

Power-Down Current (5)

IPD —
—
—

0.25
0.25

2

4
5

18

µA
µA
µA

VDD = 3.0V, Commercial WDT disabled
VDD = 3.0V, Industrial WDT disabled
VDD = 3.0V, Extended WDT disabled

D022 ∆IWDT —
—
—

3.75
3.75
3.75

8
9

14

µA
µA
µA

VDD = 3.0V, Commercial
VDD = 3.0V, Industrial
VDD = 3.0V, Extended

* 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.

a) The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tristated, pulled to 
Vss, T0CKI = VDD, MCLR = VDD; WDT enabled/disabled as specified. 

b) For standby current measurements, the conditions are the same, except that 
the device is in SLEEP mode.

4: Does not include current through Rext. The current through the resistor can be estimated by the 
formula: IR = VDD/2Rext (mA) with Rext in kOhm.

5: 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 hi-impedance state and tied to VDD or 
VSS.
DS40139E-page 66  1999 Microchip Technology Inc.



PIC12C5XX
11.4 Timing Diagrams and Specifications

FIGURE 11-2: EXTERNAL CLOCK TIMING - PIC12C508/C509     

TABLE 11-2: EXTERNAL CLOCK TIMING REQUIREMENTS - PIC12C508/C509 

AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C ≤ TA ≤ +70°C (commercial),

–40°C ≤ TA ≤ +85°C (industrial),
–40°C ≤ TA ≤ +125°C (extended)

Operating Voltage VDD range is described in Section 11.1

Parameter 
No.

Sym Characteristic Min Typ(1) Max Units Conditions

FOSC External CLKIN Frequency(2)

DC — 4 MHz XT osc mode

DC — 200 kHz LP osc mode 

Oscillator Frequency(2)

0.1 — 4 MHz XT osc mode 

DC — 200 kHz LP osc mode

1 TOSC External CLKIN Period(2) 250 — — ns EXTRC osc mode

250 — — ns XT osc mode

5 — — ms LP osc mode 

Oscillator Period(2) 250 — — ns EXTRC osc mode 

250 — 10,000 ns XT osc mode 

5 — — ms LP osc mode

2 Tcy Instruction Cycle Time(3) — 4/FOSC — —

3 TosL, TosH Clock in (OSC1) Low or High Time 50* — — ns XT oscillator

2* — — ms 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 oper-

ating 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.

3: Instruction cycle period (TCY) equals four times the input oscillator time base period.

OSC1

Q4 Q1 Q2 Q3 Q4 Q1

1 3 3 4 4

2
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PIC12C5XX
TABLE 11-5: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC12C508/C509 

TABLE 11-6: DRT (DEVICE RESET TIMER PERIOD - PIC12C508/C509)

AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C ≤ TA ≤ +70°C (commercial)

–40°C ≤ TA ≤ +85°C (industrial)
–40°C ≤ TA ≤ +125°C (extended)

Operating Voltage VDD range is described in Section 11.1

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

30 TmcL MCLR Pulse Width (low) 2000* — — ns VDD = 5 V

31 Twdt Watchdog Timer Time-out Period 
(No Prescaler) 

9* 18* 30* ms VDD = 5 V (Commercial)

32 TDRT Device Reset Timer Period(2) 9* 18* 30* ms VDD = 5 V (Commercial)

34 TioZ I/O Hi-impedance from MCLR Low — — 2000* ns

* 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.
Note 2: See Table 11-6.

Oscillator Configuration POR Reset Subsequent Resets

IntRC & ExtRC 18 ms (typical) 300 µs (typical)

XT & LP 18 ms (typical) 18 ms (typical)
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12.0 DC AND AC CHARACTERISTICS - PIC12C508/PIC12C509
The graphs and tables provided in this section are for design guidance and are not tested.  In some graphs or tables
the data presented are outside specified operating range (e.g., outside specified VDD range). This is for information
only and devices will operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean + 3σ) and (mean – 3σ)
respectively, where σ is standard deviation.
FIGURE 12-1: CALIBRATED INTERNAL RC 
FREQUENCY RANGE VS. 
TEMPERATURE (VDD = 2.5V)
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FIGURE 12-2: CALIBRATED INTERNAL RC 
FREQUENCY RANGE VS. 
TEMPERATURE (VDD = 5.0V)

4.50

4.10

4.00

3.90

3.80

3.70

3.60

-40 25 85 125
Temperature (Deg.C)

Fr
eq

ue
nc

y 
(M

H
z)

Min.

Max.

4.40

4.30

4.20

3.50
DS40139E-page 75



PIC12C5XX
TABLE 13-1: PULL-UP RESISTOR RANGES* - PIC12C508A, PIC12C509A, PIC12CR509A, 
PIC12CE518, PIC12CE519, PIC12LC508A, PIC12LC509A, PIC12LCR509A, 
PIC12LCE518 and PIC12LCE519 

VDD (Volts) Temperature (°C) Min Typ Max Units

GP0/GP1

2.5 –40 38K 42K 63K Ω
25 42K 48K 63K Ω
85 42K 49K 63K Ω

125 50K 55K 63K Ω
5.5 –40 15K 17K 20K Ω

25 18K 20K 23K Ω
85 19K 22K 25K Ω

125 22K 24K 28K Ω
GP3

2.5 –40 285K 346K 417K Ω
25 343K 414K 532K Ω
85 368K 457K 532K Ω

125 431K 504K 593K Ω
5.5 –40 247K 292K 360K Ω

25 288K 341K 437K Ω
85 306K 371K 448K Ω

125 351K 407K 500K Ω
* These parameters are characterized but not tested.
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13.5 Timing Parameter Symbology and Load Conditions - PIC12C508A, PIC12C509A,  
PIC12CR509A, PIC12CE518, PIC12CE519,  PIC12LC508A, PIC12LC509A, PIC12LCR509A, 
PIC12LCE518 and PIC12LCE519

The timing parameter symbols have been created following one of the following formats:

    

1. TppS2ppS

2. TppS

T

F Frequency T Time

Lowercase subscripts (pp) and their meanings:

pp

2 to mc MCLR

ck CLKOUT osc oscillator

cy cycle time os OSC1

drt device reset timer t0 T0CKI

io I/O port wdt watchdog timer

Uppercase letters and their meanings:

S

F Fall P Period

H High R Rise

I Invalid (Hi-impedance) V Valid

L Low Z Hi-impedance

FIGURE 13-1: LOAD CONDITIONS - PIC12C508A/C509A,  PIC12CE518/519,  PIC12LC508A/509A, 
PIC12LCE518/519, PIC12LCR509A

CL

VSS

Pin CL = 50 pF for all pins except OSC2 

15 pF for OSC2 in XT, HS or LP 
modes when external clock 
is used to drive OSC1
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FIGURE 13-3:  I/O TIMING - PIC12C508A, PIC12C509A,  PIC12CE518, PIC12CE519,  PIC12LC508A, 
PIC12LC509A, PIC12LCR509A, PIC12LCE518 and PIC12LCE519 

TABLE 13-4: TIMING REQUIREMENTS - PIC12C508A, PIC12C509A,  PIC12CE518, PIC12CE519,  
PIC12LC508A, PIC12LC509A, PIC12LCR509A, PIC12LCE518 and PIC12LCE519 

AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C ≤ TA ≤ +70°C (commercial)

–40°C ≤ TA ≤ +85°C (industrial)
–40°C ≤ TA ≤ +125°C (extended)

Operating Voltage VDD range is described in Section 13.1

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

17 TosH2ioV OSC1↑ (Q1 cycle) to Port out valid(3) — — 100* ns

18 TosH2ioI OSC1↑ (Q2 cycle) to Port input invalid
(I/O in hold time)

TBD — — ns

19 TioV2osH Port input valid to OSC1↑ 
(I/O in setup time)

TBD — — ns

20 TioR Port output rise time(2, 3) — 10 25** ns

21 TioF Port output fall time(2, 3) — 10 25** ns

* These parameters are characterized but not tested.
** These parameters are design targets and are not tested. No characterization data available at this time.

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 13-1 for loading conditions.

OSC1

I/O Pin
(input)

I/O Pin
(output)

Q4 Q1 Q2 Q3

17

20, 21

18

Old Value New Value

Note: All tests must be done with specified capacitive loads (see data sheet) 50 pF on I/O pins and CLKOUT.

19
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Package Type: K04-057 8-Lead Plastic Small Outline (SN) – Narrow, 150 mil

MINDimension Limits

Mold Draft Angle Bottom
Mold Draft Angle Top
Lower Lead Width

Radius Centerline

Gull Wing Radius
Shoulder Radius
Chamfer Distance
Outside Dimension
Molded Package Width
Molded Package Length

Shoulder Height
Overall Pack. Height

Lead Thickness

Foot Angle
Foot Length

Standoff

Number of Pins
Pitch

β
α

c
B†

φ

X

A2
A1
A
n
p

E‡

R2

L1

L

R1

E1

D‡

Units
MAXNOMMINMAXNOM

8

12
12

0.017
0.009

0
0

0.014
0.008

0.020
0.010

15
15

0.005

0.016
0.005
0.005
0.015
0.237
0.154
0.193
0.007
0.035
0.061

0.050

0.150

0.005

0.000

0.011
0

0.005
0.010
0.229

0.189
0.004
0.027
0.054

0.157

0.010

0.021
0.010
0.010
0.020
0.244

4 8

0.196
0.010
0.044
0.069

8

0.36
0.19

0
0

12
12

0.43
0.22

15
15

0.51
0.25

3.81

0.00

0.28
0.13
0.13
0.25
5.82

0

4.80
0.10
0.69
1.37

3.993.90

0.13

4
0.13

0.41

0.38
0.13

6.01

0.25

0.25

0.53

0.51
0.25

6.20

0.18
4.89

0.90

8
1.56

1.27

0.25
4.98

1.11
1.75

INCHES* MILLIMETERS

n 1

2

R2

R1

D

p

B

E1

E

L1

X

L

β

c

45 °

φ

A1

α

A

A2

*    Controlling Parameter.
† Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 

(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”
‡ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 

exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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Package Type: K04-084 8-Lead Ceramic Side Brazed Dual In-line with Window (JW) – 300 mil 

n 1

2

0.260
0.440
0.161
0.310
0.280
0.510
0.130
0.025
0.103
0.145
0.008
0.050
0.016
0.098

MIN

Window Diameter
Overall Row Spacing

Package Length
Tip to Seating Plane
Base to Seating Plane
Top of Body to Seating Plane
Top to Seating Plane

Upper Lead Width
Lower Lead Width

PCB Row Spacing
Dimension Limits

Lid Length
Lid Width

Package Width

Lead Thickness

Number of Pins
Pitch

Units

T
U

D

W
eB
E

A2
A1

L

B

A
c
B1

p
n

0.450
0.270

0.520

0.166
0.338
0.290

0.140
0.035
0.123

0.460
0.280

0.171
0.365
0.300
0.530
0.150
0.045
0.143

8

NOM

0.018

0.165
0.010
0.055

0.100

0.300
MAX

0.185
0.012
0.060
0.020
0.102

6.86
11.43
4.22
8.57
7.37

13.21
3.56
0.89
3.12

11.18
6.60

12.95

4.09
7.87
7.11

3.30
0.64
2.62

11.68
7.11

13.46

4.34
9.27
7.62

3.81
1.14
3.63

4.19
0.25
1.40
0.46
2.54

7.62
NOM

MILLIMETERS
MIN

0.41

3.68
0.20
1.27

2.49

MAX

8

0.51

4.70
0.30
1.52

2.59

DT

E

U

W

c

eB

L

A1

B

B1

A

A2

p

INCHES*

* Controlling Parameter.
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NOTES:
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PIC12C5XX
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 (602) 786-7578.

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

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 data sheet easy to follow? If not, why?

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

5. What deletions from the data sheet 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?

8. How would you improve our software, systems, and silicon products?

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: (______) _________ - _________
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