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PIC12C5XX

Pin Diagram - PIC12C508/509

PDIP, 208 mil SOIC, Windowed Ceramic Side Brazed

VDD —»1 T 8 [— Vss
GP5/0SCL/CLKIN <——Dz 22 4 F<«—sGPO
0 58 ]
GP4/0SC2 —[]3 2 6[J«—»GP1
GPIMCLRNVPP — »[]4 B & 5 [J«— GP2/TOCKI

PIC12CE518/519

Pin Diagram - PIC12C508A/509A,

PDIP, 150 & 208 mil SOIC, Windowed CERDIP

VDD;»DI EEEESD';VSS
GPS/OSCL/CLKIN =—={]2 22 % g7 [0« GPo
GP4/0SC2 «—»]3 Q Q0 Q6 [J«—sGP1
GP3/MCLRIVPP —»4 & & % & 5 [J=—> GP2/TOCKI
©ow P>
Pin Diagram - PIC12CR509A
PDIP, 150 & 208 mil SOIC
VoD —»{1 T g[J——Vss
GP5/0SCL/CLKIN =—[]2 g 7 [J~—>GPO
GP4/0SC2 -—[]3 Q  6[J«—=GP1
GP3/MCLRIVPP —»-[]4 ‘é 5 [J<—> GP2/TOCKI
>
Device Differences
Volt Oscillator Process
Device oltage Oscillator Calibration? Technology
Range ; .
(Bits) (Microns)
PIC12C508A 3.0-5.5 See Note 1 6 0.7
PIC12LC508A 2.5-5.5 See Note 1 6 0.7
P1C12C508 2.5-5.5 See Note 1 4 0.9
PIC12C509A 3.0-5.5 See Note 1 6 0.7
PIC12LC509A 2.5-5.5 See Note 1 6 0.7
P1C12C509 2.5-5.5 See Note 1 4 0.9
PIC12CR509A 2555 See Note 1 6 0.7
PIC12CE518 3.0-5.5 - 6 0.7
PIC12LCE518 2555 - 6 0.7
PIC12CE519 3.0-5.5 - 6 0.7
PIC12LCE519 2555 - 6 0.7

Note 1: If you change from the PIC12C50X to the PIC12C50XA or to the PIC12CR50XA, please verify
oscillator characteristics in your application.

Note 2: See Section 7.2.5 for OSCCAL implementation differences.
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NOTES:
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PIC12C5XX

FIGURE 3-1: PIC12C5XX BLOCK DIAGRAM
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PIC12C5XX

5.0 /O PORT

As with any other register, the 1/0 register can be
written and read under program control. However, read
instructions (e.g., MOVF GPI O, W always read the 1/O
pins independent of the pin’s input/output modes. On
RESET, all /O ports are defined as input (inputs are at
hi-impedance) since the 1/0 control registers are all
set. See Section 7.0 for SCL and SDA description for
PIC12CE5XX.

51 GPIO

GPIO is an 8-bit I/O register. Only the low order 6 bits
are used (GP5:GPO0). Bits 7 and 6 are unimplemented
and read as '0's. Please note that GP3 is an input only
pin. The configuration word can set several I/O’s to
alternate functions. When acting as alternate functions
the pins will read as ‘0’ during port read. Pins GPO,
GP1, and GP3 can be configured with weak pull-ups
and also with wake-up on change. The wake-up on
change and weak pull-up functions are not pin
selectable. If pin 4 is configured as MCLR, weak pull-
up is always on and wake-up on change for this pin is
not enabled.

5.2 TRIS Register

The output driver control register is loaded with the
contents of the W register by executing the TRI S f
instruction. A '1' from a TRIS register bit puts the
corresponding output driver in a hi-impedance mode.
A '0' puts the contents of the output data latch on the
selected pins, enabling the output buffer. The
exceptions are GP3 which is input only and GP2 which
may be controlled by the option register, see Figure 4-
5.

Note: A read of the ports reads the pins, not the
output data latches. That is, if an output
driver on a pin is enabled and driven high,
but the external system is holding it low, a
read of the port will indicate that the pin is
low.

The TRIS registers are “write-only” and are set (output
drivers disabled) upon RESET.

5.3 I/O Interfacing

The equivalent circuit for an 1/0O port pin is shown in
Figure 5-1. All port pins, except GP3 which is input
only, may be used for both input and output operations.
For input operations these ports are non-latching. Any
input must be present until read by an input instruction
(e.g., MOVF GPI O, W. The outputs are latched and
remain unchanged until the output latch is rewritten. To
use a port pin as output, the corresponding direction
control bit in TRIS must be cleared (= 0). For use as an
input, the corresponding TRIS bit must be set. Any 1/O
pin (except GP3) can be programmed individually as
input or output.

FIGURE 5-1: EQUIVALENT CIRCUIT
FOR A SINGLE I/O PIN

Data
Bus
D Q
Data
WR Latch Voo

Port | cKk O ‘D*‘ 5

w :D*\ N 110
R int3)
eg D Q p

TRIS

Latch vss
TRIS 'f cK Q

Reset

| @

RD Port

Note 1: 1/O pins have protection diodes to VbD
and Vss.

Note 2: See Table 3-1 for buffer type.

Note 3: See Section 7.0 for SCL and SDA
description for PIC12CE5XX

[ 1999 Microchip Technology Inc.
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6.1 Using TimerQ with an External Clock

When an external clock input is used for TimerO, it
must meet certain requirements. The external clock
requirement is due to internal phase clock (Tosc)
synchronization. Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

6.1.1 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks
(Figure 6-4). Therefore, it is necessary for TOCKI to be
high for at least 2Tosc (and a small RC delay of 20 ns)
and low for at least 2Tosc (and a small RC delay of
20 ns). Refer to the electrical specification of the
desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple counter-type
prescaler so that the prescaler output is symmetrical.
For the external clock to meet the sampling
requirement, the ripple counter must be taken into
account. Therefore, it is necessary for TOCKI to have a
period of at least 4Tosc (and a small RC delay of
40 ns) divided by the prescaler value. The only
requirement on TOCKI high and low time is that they
do not violate the minimum pulse width requirement of
10 ns. Refer to parameters 40, 41 and 42 in the
electrical specification of the desired device.

6.1.2  TIMERO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the TimerO
module is actually incremented. Figure 6-4 shows the
delay from the external clock edge to the timer
incrementing.

6.1.3  OPTION REGISTER EFFECT ON GP2 TRIS

If the option register is set to read TIMERO from the pin,
the port is forced to an input regardless of the TRIS reg-
ister setting.

FIGURE 6-4: TIMERO TIMING WITH EXTERNAL CLOCK
Q11 Q21 Q31 Q4 |Q1l Q21 Q31 Q4 | QLI Q2I Q3! Q4 | Q1! Q21 Q3I Q4
External Clock Input or | Small pulsej
Prescaler Output (2) JALNAAN W\ /\__misses sampling
1
External Clock/Prescaler ‘\(3) * @ L 4 A * A
Output After Sampling |
Y
Increment Timer0 (Q4)
Timer0 X T0+1 [ TO+2

Note 1:

N

Delay from clock input change to Timer0 increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on TimerO0 input = + 4Tosc max.
External clock if no prescaler selected, Prescaler output otherwise.

3: The arrows indicate the points in time where sampling occurs.

[ 1999 Microchip Technology Inc.
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8.2 Oscillator Configurations

8.2.1 OSCILLATOR TYPES

The PIC12C5XX can be operated in four different
oscillator modes. The user can program two
configuration bits (FOSC1:FOSCO0) to select one of
these four modes:

e LP: Low Power Crystal
e XT: Crystal/Resonator
¢ INTRC: Internal 4 MHz Oscillator

* EXTRC: External Resistor/Capacitor

8.2.2 CRYSTAL OSCILLATOR / CERAMIC

RESONATORS

In XT or LP modes, a crystal or ceramic resonator is
connected to the GP5/OSC1/CLKIN and GP4/0OSC2
pins to establish oscillation (Figure 8-2). The
PIC12C5XX oscillator design requires the use of a
parallel cut crystal. Use of a series cut crystal may give
a frequency out of the crystal manufacturers
specifications. When in XT or LP modes, the device
can have an external clock source drive the GP5/
OSC1/CLKIN pin (Figure 8-3).

FIGURE 8-2: CRYSTAL OPERATION (OR
CERAMIC RESONATOR) (XT
ORLP OSC
CONFIGURATION)

0sC1 PIC12C5XX

SLEEP

To internal
logic

c2®

Note 1: See Capacitor Selection tables for

recommended values of C1 and C2.

2: Aseries resistor (RS) may be required for
AT strip cut crystals.

3: RF approximate value = 10 MQ.

FIGURE 8-3: EXTERNAL CLOCK INPUT
OPERATION (XT OR LP OSC

CONFIGURATION)

Clock from
ext. system

Open «—— OSC2

OSC1
PIC12C5XX

TABLE 8-1: CAPACITOR SELECTION
FOR CERAMIC RESONATORS
- PIC12C5XX
Osc Resonator | Cap. Range | Cap. Range
Type Freq C1l C2
XT 4.0 MHz 30 pF 30 pF

These values are for design guidance only. Since
each resonator has its own characteristics, the user
should consult the resonator manufacturer for
appropriate values of external components.

TABLE 8-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR -
PIC12C5XX
Osc Resonator | Cap.Range | Cap. Range
Type Freq C1l C2
LP 32 kHz™D 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF

Note 1: For VbD > 4.5V, C1 =C2 =30 pFis
recommended.
These values are for design guidance only. Rs may
be required to avoid overdriving crystals with low
drive level specification. Since each crystal has its
own characteristics, the user should consult the crys-
tal manufacturer for appropriate values of external
components.

DS40139E-page 36
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PIC12C5XX

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
VoD, and the pin is assigned to be a GPIO. See
Figure 8-7. When pin GP3/MCLR/VPP is configured as
MCLR, the internal pull-up is always on.

FIGURE 8-7:  MCLR SELECT

MCLRE

WEAK
PULL-UP

A INTERNAL MCLR
GP3/MCLR/VPP

8.4 Power-On Reset (POR)

The PIC12C5XX family incorporates 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 opera-
tion. 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. An internal
weak pull-up resistor is implemented using a transistor.
Refer to Table 11-1 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
VoD is specified. See Electrical Specifications for
details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
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 8-8.

The Power-On Reset circuit and the Device Reset
Timer (Section 8.5) 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, 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 8-9. VpDp is allowed to rise and
stabilize before bringing MCLR high. The chip will
actually come out of reset TDRT msec after MCLR
goes high.

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

Note:  When the device starts normal operation
(exits the reset condition), device operating
parameters (voltage, frequency, tempera-
ture, etc.) must be meet to ensure opera-
tion. If these conditions are not met, the
device must be held in reset until the oper-
ating conditions are met.

For additional information refer to Application Notes
“Power-Up Considerations” - AN522 and “Power-up
Trouble Shooting” - AN607.

DS40139E-page 40
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FIGURE 8-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

Power-Up
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FIGURE 8-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR PULLED LOW)
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FIGURE 8-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): FAST VDD RISE TIME
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8.12 In-Circuit Serial Programming

The PIC12C5XX microcontrollers with EPROM pro-
gram memory 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 cus-
tomers to manufacture boards with unprogrammed
devices, and then program the microcontroller just
before shipping the product. This also allows the most
recent firmware or a custom firmware to be pro-
grammed.

The device is placed into a program/verify mode by
holding the GP1 and GPO pins low while raising the
MCLR (VPP) pin from VIL to VIHH (see programming
specification). GP1 becomes the programming clock
and GPO becomes the programming data. Both GP1
and GPO 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 pro-
gram 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 PIC12C5XX Programming Specifications.

A typical in-circuit serial programming connection is
shown in Figure 8-16.

FIGURE 8-16: TYPICAL IN-CIRCUIT SERIAL
PROGRAMMING
CONNECTION

To Normal
External Connections —
Connector PIC12C5XX
Signals J
+5V A4 VDD
ov Vss
2 MCLR/VpPP
CLK GP1
Data I/0 L GPO
VDD
To Normal
Connections
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BSF Bit Set f BTFSS Bit Test f, Skip if Set
Syntax: [ label] BSF fb Syntax: [ label] BTFSS fb
Operands: 0<f<31 Operands: 0<f<31
0<b<7 0<b<7
Operation: 1 - (f<b>) Operation: skip if (f<b>) = 1
Status Affected: None Status Affected: None
Encoding: [o101 [bbbf [ffif | Encoding: [o121 [bobf [ffff |
Description: Bit 'b’ in register 'f' is set. Description: If bit b’ in register 'f' is "1’ then the next
Words: 1 |nst.ruct|_on is skipped. _ .
If bit 'b’ is '1’, then the next instruction
Cycles: 1 fetched during the current instruction
Example: BSF FLAG REG, 7 execution, is discarded and an NOP is
' - executed instead, making this a 2 cycle
Before Instruction instruction.
FLAG_REG = 0x0A Words: 1
After Instruction
FLAG_REG = Ox8A Cycles: 12
Example: HERE BTFSS FLAG 1
FALSE GOTO PROCESS_CODE
BTFSC Bit Test f, Skip if Clear TRUE . *
Syntax: [ label] BTFSC fb .
Operands: 0<f<31 Before Instruction
0<bs7 PC =  address ( HERE)
Operation: skip if (f<b>) = 0 After Instruction
. If FLAG<1> = O,
Status Affected: None pC = address (FALSE) ;
Encoding: ’ 0110 | bbbt | fFEEf ’ if FLAG<1> = 1,
Description: If bit 'b’in register ’f'is 0 then the next PC = address (TRUE)
instruction is skipped.
If bit ‘b’ is 0 then the next instruction
fetched during the current instruction
execution is discarded, and an NOP is
executed instead, making this a 2 cycle
instruction.
Words: 1
Cycles: 1(2)
Example: HERE BTFSC FLAG,1
FALSE GOTO  PROCESS_CODE
TRUE .

Before Instruction

PC = address (HERE)
After Instruction

if FLAG<1> = 0,

PC = address ( TRUE) ;

if FLAG<1> = 1,

PC =  address( FALSE)

DS40139E-page 50
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COMF Complement f DECFSz Decrement f, Skip if 0
Syntax: [ label] COMF fd Syntax: [ label] DECFSz fd
Operands: 0<f<31 Operands: 0<f<31
do[o,1] doo,1]
Operation: () - (dest) Operation: f)—1 - d; skipifresult=0
Status Affected: Z Status Affected: None
Encoding: [oot0 [ozdf [ffif | Encoding: (o010 [11df [ffif |
Description: The contents of register 'f' are comple- Description: The contents of register 'f' are decre-
mented. If 'd’ is O the result is stored in mented. If 'd"is O the result is placed in
the W register. If 'd’ is 1 the result is the W register. If 'd’is 1 the result is
stored back in register 'f'. placed back in register ’f'.
Words: 1 If the result is 0, the next instruction,
which is already fetched, is discarded
Cycles: 1 and an NOP is executed instead mak-
Example: COVE REGL, 0 ing it a two cycle instruction.
Before Instruction Words: 1
REG1 = 0x13 Cycles: 1(2)
After Instruction Example: HERE DECFSZ  CNT, 1
REG1 = 0x13 GOoTo LoorP
W = OxEC CONTINUE »
DECF Decrement f Before Instruction
Syntax: [ label] DECF fd PC = address (HERE)
Operands: 0<f<31 Afterclirﬁtructlnzn CNT - 1:
dofp.i] ifCNT = 0,
Operation: (f)—1 - (dest) PC = address (CONTINUE);
. ifCNT  # 0,
Status Affected: Z Pe = address (HERE+1)
Encoding: | 0000 | 11df | 113, |
Description: Decrement register 'f'. If 'd’ is 0 the
result is stored in the W register. If 'd’ is GOTO Unconditional Branch
1 the result is stored back in register 'f'. Syntax. [label] GOTO k
Words: 1
Operands: O0<ks<b511
Cycles: 1 .
y Operation: k - PC<8:0>;
Example: DECF  ONT, 1 STATUS<6:5> . PC<10:9>
Before Instruction Status Affected: None
CNT = 0x01 .
z - 0 Encoding: EE
After Instruction Description: GO.T.OS an gnconditiohal branch. The
CNT = 0x00 9-—b|t immediate value |s.I0aded into PC
7 — bits <8:0>. The upper bits of PC are
loaded from STATUS<6:5>. GOTQs a
two cycle instruction.
Words: 1
Cycles: 2
Example: GOTO THERE

After Instruction

PC =

address (THERE)
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TABLE 11-4: 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® Max Units

17 TosH2ioV  |0scC1t (Q1 cycle) to Port out valid® - — 100* ns

18 TosH2iol OSC11 (Q2 cycle) to Port input invalid TBD — — ns
(/O in hold time)

19 TioV2osH Port input valid to OSC11 TBD — — ns
(I/O in setup time)

20 TioR Port output rise time@ 3 - 10 25* ns

21 TioF Port output fall ime( 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 11-1 for loading conditions.

FIGURE 11-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING - PIC12C508/C509

{¢

VoD ] »

] «

. »

MCLR / - ,

' :‘* 30 — ' 0

Internal 2

POR : : ‘
32 , ; ' 32 ‘ : 32

-—

— -— >,
Timeout ' .
(Note 2) X , ! :
Internal .
RESET '
Watchdog ; . : : ( !
Timer ' . . : .
RESET : . - ‘ ‘

— 34—, — 34 -—

1/0 pin . : I : é
(Note 1) ' ' ! .

Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software.
2: Runs in MCLR or WDT reset only in XT and LP modes.
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13.3

DC CHARACTERISTICS: PIC12C508A/509A (Commercial, Industrial, Extended)
PIC12C518/519 (Commercial, Industrial, Extended)
PIC12CR509A (Commercial, Industrial, Extended)

DC 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 as described in DC spec Section 13.1 and

Section 13.2.
Param Characteristic Sym Min Typt| Max |Units Conditions
No.
Input Low Voltage
1/0 ports ViL
D030 with TTL buffer Vss - 0.8v V |For 4.5V <VpD<5.5V
Vss - |0.15VbD| V |otherwise
D031 with Schmitt Trigger buffer Vss - 0.2VDD \%
D032 [MCLR, GP2/TOCKI (in EXTRC mode) Vss - 0.2VDD \%
D033 |OSC1 (in EXTRC mode) Vss - 0.2VDD Note 1
D033 |OSC1 (in XT and LP) Vss - 0.3VDD V |Note 1
Input High Voltage
1/0 ports VIH -
D040 with TTL buffer 0.25VDD +| - VDD V |45V <VDD<5.5V
0.8V
D040A 2.0V - VDD V |otherwise
D041 with Schmitt Trigger buffer 0.8VDD - VDD V |For entire VDD range
D042 |MCLR, GP2/TOCKI 0.8VDD - VDD \%
D042A |OSC1 (XT and LP) 0.7VDD - VDD V |Note 1
D043 |OSC1 (in EXTRC mode) 0.9VDpD - VDD \%
D070 |GPIO weak pull-up current (Note 4) IPUR 30 250 400 HA |VDD =5V, VPIN = Vss
MCLR pull-up current - - - 30 HA VDD =5V, VPIN = Vss
Input Leakage Current (Notes 2, 3)
D060 |I/O ports liL - - +1 HA |Vss < VPIN < VDD, Pin at hi-
impedance
D061 |[TOCKI - - +5 HA |Vss < VPIN £ VDD
D063 |OSC1 - - +5 HA |Vss < VPIN < VDD, XT and LP osc
configuration
Output Low Voltage
D080 |I/O ports VoL - - 0.6 V |loL=85mA, VbD = 4.5V,
—40°C to +85°C
DO80A - - 0.6 V |loL=7.0 mA, VDD = 4.5V,
—40°C to +125°C
Output High Voltage
D090 (I/O ports (Note 3) VoH | VbD - 0.7 - - V |loH =-3.0 mA, VDD = 4.5V,
—40°C to +85°C
D090A VbD-0.7| - - V |loH =-2.5 mA, VDD = 4.5V,
—40°C to +125°C
Capacitive Loading Specs on
Output Pins
D100 [OSC2 pin COSsC2 - - 15 pF |In XT and LP modes when exter-
nal clock is used to drive OSC1.
D101 |All I/O pins Cio - - 50 pF
1t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: In EXTRC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC12C5XX be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as coming out of the pin.
4: This spec. applies when GP3/MCLR is configured as MCLR. The leakage current of the MCLR circuit is higher than the

standard I/O logic.
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13.4

DC CHARACTERISTICS:

PIC12LC508A/509A (Commercial, Industrial)
PIC12LC518/519 (Commercial, Industrial)
PIC12LCR509A (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)

Operating temperature

0°C < TA < +70°C (commercial)
—40°C < TAa < +85°C (industrial)
Operating voltage VDD range as described in DC spec Section 13.1 and

Section 13.2.
Param Characteristic Sym Min Typt| Max [Units Conditions
No.
Input Low Voltage
1/0 ports VIL
D030 with TTL buffer Vss - 0.8V V |For 4.5V <VDD<5.5V
Vss - |0.15VpD| V |otherwise
D031 with Schmitt Trigger buffer Vss - | 0.2VpD \%
D032 MCLR, GP2/TOCKI (in EXTRC mode) Vss - | 02VvbD| V
D033 OSCL1 (in EXTRC mode) Vss - | 0.2VpD V |Note 1
D033 OSCL1 (in XT and LP) Vss - | 0.3VDD V |Note 1
Input High Voltage
1/0 ports VIH -
D040 with TTL buffer 0.25VDD +| - VDD V |45V <VDD<55V
0.8V
DO40A 2.0v - VDD V  |otherwise
D041 with Schmitt Trigger buffer 0.8VDD - VDD V |For entire VDD range
D042 MCLR, GP2/TOCKI 0.8VDbD - VDD \%
D042A |OSC1 (XT and LP) 0.7VDD - VDD V |Note 1
D043 OSCL1 (in EXTRC mode) 0.9VDD - VDD \%
D070 GPIO weak pull-up current (Note 4) IPUR 30 250| 400 WA VDD =5V, VPIN = Vss
MCLR pull-up current - - - 30 WA VDD =5V, VPIN = Vss
Input Leakage Current (Notes 2, 3)
D060 1/0 ports liL - - +1 HA |Vss < VPIN < VDD, Pin at hi-imped-
ance
D061 TOCKI - - +5 HA |Vss < VPIN < VDD
D063 0OSC1 - - +5 HA [Vss < VPIN < VDD, XT and LP osc
configuration
Output Low Voltage
D080 1/0 ports VoL - - 0.6 V [loL=8.5mA, VDD = 4.5V,
—40°C to +85°C
DO8OA - - 0.6 V (loL=7.0 mA, VDD = 4.5V,
—40°C to +125°C
Output High Voltage
D090 1/0 ports (Note 3) VOH | VDD-0.7 | - - V |loH =-3.0 mA, VDD = 4.5V,
—40°C to +85°C
D0O90A VbD-0.7 | - - V |loH=-2.5mA, VDD = 4.5V,
—40°C to +125°C
Capacitive Loading Specs on
Output Pins
D100 OSC2 pin COsC - - 15 pF |In XT and LP modes when exter-
2 nal clock is used to drive OSC1.
D101 All /O pins Cio - - 50 pF
1t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: In EXTRC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC12C5XX be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as coming out of the pin.
4: This spec. applies when GP3/MCLR is configured as MCLR. The leakage current of the MCLR circuit is higher than the

standard 1/O logic.
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TABLE 13-1: PULL-UP RESISTOR RANGES* - PIC12C508A, PIC12C509A, PIC12CR509A,
PIC12CE518, PIC12CE519, PIC12LC508A, PIC12LC509A, PIC12LCR509A,
PIC12LCE518 and PIC12LCE519

VoD (Volts) Temperature (°C) Min Typ Max Units
GPO/GP1
25 -40 38K 42K 63K Q
25 42K 48K 63K Q
85 42K 49K 63K Q
125 50K 55K 63K Q
5.5 -40 15K 17K 20K Q
25 18K 20K 23K Q
85 19K 22K 25K Q
125 22K 24K 28K Q
GP3
25 -40 285K 346K 417K Q
25 343K 414K 532K Q
85 368K 457K 532K Q
125 431K 504K 593K Q
5.5 -40 247K 292K 360K Q
25 288K 341K 437K Q
85 306K 371K 448K Q
125 351K 407K 500K Q

* These parameters are characterized but not tested.
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13.6 Timing Diagrams and Specifications

FIGURE 13-2: EXTERNAL CLOCK TIMING - PIC12C508A, PIC12C509A, PIC12CR509A,
PIC12CE518, PIC12CE519, PIC12LC508A, PIC12LC509A, PIC12LCRS509A,
PIC12LCE518 and PIC12LCE519

Q4 . Q1 . Q2 . Q3 . Q4 1 Q1

0OsC1

Ca—— 1 — : :¢3»j -3 -

- 2 >

TABLE 13-2: EXTERNAL CLOCK TIMING REQUIREMENTS - PIC12C508A, PIC12C509A,
PIC12CE518, PIC12CE519, PIC12LC508A, PIC12LC509A, PIC12LCRS509A,
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

Pariln;eter Sym Characteristic Min | Typ® | Max | Units Conditions
Fosc  |External CLKIN Frequency®
DC — 4 MHz |XT osc mode
DC — 200 kHz [LP osc mode
Oscillator Frequency@ DC — 4 MHz |EXTRC osc mode
0.1 — 4 MHz |XT osc mode
DC — 200 kHz [LP osc mode
1 Tosc  |External CLKIN Period®
250 — — ns |XT osc mode
5 — — ms |LP osc mode
Oscillator Period® 250 — — ns |EXTRC osc mode
250 — ]10,000| ns |XT osc mode
5 — — ms |LP osc mode
2 Tey Instruction Cycle Time®) — |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.
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Package Type: K04-018 8-Lead Plastic Dual In-line (P) — 300 mil

R
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[ r
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— IR o
@ s iiine

B ” |} p—
p

eB B
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.300 7.62
Number of Pins n 8 8
Pitch p 0.100 2.54
Lower Lead Width B 0.014 0.018 0.022 0.36 0.46 0.56
Upper Lead Width B1f 0.055 0.060 0.065 1.40 1.52 1.65
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.006 0.012 0.015 0.20 0.29 0.38
Top to Seating Plane A 0.140 0.150 0.160 3.56 3.81 4.06
Top of Lead to Seating Plane Al 0.060 0.080 0.100 1.52 2.03 2.54
Base to Seating Plane A2 0.005 0.020 0.035 0.13 0.51 0.89
Tip to Seating Plane L 0.120 0.130 0.140 3.05 3.30 3.56
Package Length D¥ 0.355 0.370 0.385 9.02 9.40 9.78
Molded Package Width E* 0.245 0.250 0.260 6.22 6.35 6.60
Radius to Radius Width El 0.267 0.280 0.292 6.78 7.10 7.42
Overall Row Spacing eB 0.310 0.342 0.380 7.87 8.67 9.65
Mold Draft Angle Top o] 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

*

Controlling Parameter.

Dimension “B1” 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 “B1.”

* 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: K04-057 8-Lead Plastic Small Outline (SN) — Narrow, 150 mil
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B — ] L1 A2
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.050 1.27
Number of Pins n 8 8
Overall Pack. Height A 0.054 0.061 0.069 1.37 1.56 1.75
Shoulder Height Al 0.027 0.035 0.044 0.69 0.90 1.11
Standoff A2 0.004 0.007 0.010 0.10 0.18 0.25
Molded Package Length p¥ 0.189 0.193 0.196 4.80 4.89 4.98
Molded Package Width EF 0.150 0.154 0.157 3.81 3.90 3.99
Outside Dimension El 0.229 0.237 0.244 5.82 6.01 6.20
Chamfer Distance X 0.010 0.015 0.020 0.25 0.38 0.51
Shoulder Radius R1 0.005 0.005 0.010 0.13 0.13 0.25
Gull Wing Radius R2 0.005 0.005 0.010 0.13 0.13 0.25
Foot Length L 0.011 0.016 0.021 0.28 0.41 0.53
Foot Angle () 0 4 8 0 4 8
Radius Centerline L1 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.008 0.009 0.010 0.19 0.22 0.25
Lower Lead Width BT 0.014 0.017 0.020 0.36 0.43 0.51
Mold Draft Angle Top a 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

*

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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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.

To:
RE:

From:

Technical Publications Manager Total Pages Sent

Reader Response

Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC12C5XX Literature Number: DS40139E

Questions:

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?
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