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MicrocHr PIC12F510/16F506

8/14-Pin, 8-Bit Flash Microcontroller

Devices Included In This Data Sheet:

» PIC16F506
» PIC12F510

High-Performance RISC CPU:

* Only 33 Single-Word Instructions to Learn

» All Single-Cycle Instructions except for Program
Branches, which are Two-Cycle

» 12-Bit Wide Instructions
» Two-Level Deep Hardware Stack

» Direct, Indirect and Relative Addressing modes
for Data and Instructions

« 8-Bit Wide Data Path

» 10 Special Function Hardware Registers
(PIC12F510)

» 13 Special Function Hardware Registers
(PIC16F506)

» Operating Speed:
- DC - 8 MHz Crystal Oscillator (PIC12F510)
- DC -500 ns instruction cycle (PIC12F510)
- DC - 20 MHz Crystal Oscillator (PIC16F506)
- DC - 200 ns instruction cycle (PIC16F506)

Special Microcontroller Features:

* 4 or 8 MHz Selectable Precision Internal
Oscillator:

- Factory calibrated to +1%
¢ In-Circuit Serial Programming™ (ICSP™)
* In-Circuit Debugging (ICD) Support
* Power-on Reset (POR)
» Device Reset Timer (DRT):

- Short DRT (1.125 ms, typical) for INTOSC,
EXTRC and EC

- DRT (18 ms, typical) for HS, XT and LP

» Watchdog Timer (WDT) with Dedicated On-Chip
RC Oscillator for Reliable Operation

» Programmable Code Protection

¢ Multiplexed MCLR Input Pin

» Selectable Internal Weak Pull-Ups on I/O Pins
* Power-Saving Sleep mode

» Wake-up from Sleep on Pin Change

» Wake-up from Sleep on Comparator Change

» Selectable Oscillator Options:

- INTOSC: 4/8 MHz precision Internal
oscillator

- EXTRC: External low-cost RC oscillator

- XT: Standard crystal/resonator

- LP: Power-saving, low-frequency crystal

- HS: High-speed crystal/resonator
(PIC16F506 only)

- EC: High-speed external clock input
(PIC16F506 only)

» Analog-to-Digital (A/D) Converter:

- 8-bit resolution

- 4-input channels (1 channel is dedicated to
conversion of the internal 0.6V absolute
voltage reference)

» High Current Sink/Source for Direct LED Drive

« 8-Bit Real-Time Clock/Counter (TMRO) with 8-Bit
Programmable Prescaler

Low-Power Features/CMOS Technology:

* Operating Current:
- <175 uA @ 2V, 4 MHz, typical
« Standby Current:
- 100 nA @ 2V, typical
» Low-Power, High-Speed Flash Technology:

- 100,000 cycle Flash endurance
- > 40-year retention

» Fully Static Design
» Wide Operating Voltage Range: 2.0V to 5.5V
* Wide Temperature Range:

- Industrial: -40°C to +85°C
- Extended: -40°C to +125°C

Peripheral Features (PIC12F510):

* 61/0 Pins:
- 51/0 pins with individual direction control
- 1 input only pin
* 1 Analog Comparator with Absolute Reference

Peripheral Features (PIC16F506):

* 121/O Pins:
- 11 1/O pins with individual direction control
- 1 input only pin

» 2 Analog Comparators with Absolute Reference
and Programmable Reference

© 2007 Microchip Technology Inc.
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PIC12F510/16F506

3.1 Clocking Schemel/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

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).

execution flow is shown in Figure 3-3 and 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 3-3: CLOCK/INSTRUCTION CYCLE

Q1 | Q2 | @ | @4 1 Q1 | Q2 | @3 | @ 1 Q1 | Q2 | @3 | Q4 |
osCt \_/ \/ / /[ /]

Q1 y— 1\ //\ I\ |
Q2 | / | /T \ | / \ | ISLGarS:I
Q3 T\ i A\ i A | | Clock
) A, A, L]

PC Ix PC IX PC +1 IX PC +2
|

|
Fetch INST (PC) |
Execute INST (PC—1) Fetch INST (PC + 1)
[ Execute INST (PC)

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

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 03H Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB_1 Fetch 3 Execute 3
4. BSF PORTB, BIT1 Fetch 4 Flush

Fetch SUB_1| Execute SUB_1

Allinstructions 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.
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4.4 OPTION Register

The OPTION register is a 8-bit wide, write-only register,
that contains various control bits to configure the
TimerO/WDT prescaler and TimerO.

By executing the OPTION instruction, the contents of
the W register will be transferred to the OPTION
register. A Reset sets the OPTION<7:0> bits.

Note 1:

If TRIS bit is set to ‘0’, the wake-up on
change and pull-up functions are
disabled for that pin (i.e., note that TRIS
overrides Option control of GPPU/RBPU
and GPWU/RBWU).

If the TOCS bit is set to ‘1’, it will override
the TRIS function on the TOCKI pin.

REGISTER 4-3: OPTION_REG: OPTION REGISTER (PIC12F510)

W-1 W-1 W-1 W-1 W-1 W-1 W-1 W-1
GPWU GPPU TOCS TOSE | PSA ‘ PS2 ‘ PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 GPWU: Enable Wake-up On Pin Change bit (GP0, GP1, GP3)
1 = Disabled
0 = Enabled
bit 6 GPPU: Enable Weak Pull-Ups bit (GP0, GP1, GP3)
1 = Disabled
0 = Enabled
bit 5 TOCS: Timer0 Clock Source Select bit
1= Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: Timer0 Source Edge Select bit
1= Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1= Prescaler assigned to the WDT
0 = Prescaler assigned to Timer0
bit 2-0 PS<2:0>: Prescaler Rate Select bits

Bit Value  TimerQ Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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REGISTER 4-4:

OPTION_REG: OPTION REGISTER (PIC16F506)

W-1 W-1 W-1 W-1 W-1 W-1 W-1 W-1
RBWU RBPU TOCS TOSE PSA ‘ PS2 ‘ PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 RBWU: Enable Wake-up On Pin Change bit (RBO, RB1, RB3, RB4)
1 = Disabled
0 = Enabled
bit 6 RBPU: Enable Weak Pull-Ups bit (RBO, RB1, RB3, RB4)
1 = Disabled
0 = Enabled
bit 5 TOCS: Timer0 Clock Source Select bit

1=
0=

bit 4 TOSE: TimerO Source Edge Select bit

1=
0=

bit 3 PSA: Prescaler Assignment bit
Prescaler assigned to the WDT

1=
0=

Transition on TOCKI pin
Internal instruction cycle clock (CLKOUT)

Increment on high-to-low transition on TOCKI pin
Increment on low-to-high transition on TOCKI pin

Prescaler assigned to Timer0
bit 2-0 PS<2:0>: Prescaler Rate Select bits

Bit Value  TimerQ Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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4.8 Indirect Data Addressing: INDF

and FSR Registers

The INDF register is not a physical register. Addressing
INDF actually addresses the register whose address is
contained in the FSR register (FSR is a pointer). This is
indirect addressing.

4.8.1 INDIRECT ADDRESSING EXAMPLE

Register file 07 contains the value 10h
Register file 08 contains the value 0Ah

Load the value 07 into the FSR register

A read of the INDF register will return the value
of 10h

Increment the value of the FSR register by one
(FSR = 08)

A read of the INDR register now will return the
value of OAh.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no operation (although Status bits may be affected).

A simple program to clear RAM locations 10h-1Fh
using indirect addressing is shown in Example 4-1.

EXAMPLE 4-1: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
MOVLW 0x10 ;initialize pointer
MOVWF FSR ;to RAM
NEXT CLRF INDF ;clear INDF register
INCF FSR,F ;inc pointer
BTFSC FSR, 4 ;all done?
GOTO NEXT ;NO, clear next
CONTINUE
;YES, continue

The FSR is a 5-bit wide register. It is used in conjunc-
tion with the INDF register to indirectly address the data
memory area.

The FSR<4:0> bits are used to select data memory
addresses 00h to 1Fh.

PIC16F506 — Uses FSR<6:5>. Selects from Bank 0 to
Bank 3. FSR<7> is unimplemented, read as ‘1.

PIC12F510 — Uses FSR<5>. Selects from Bank 0 to
Bank 1. FSR<7:6> are unimplemented, read as ‘11’.

FIGURE 4-5: DIRECT/INDIRECT ADDRESSING (PIC12F510)
Direct Addressing Indirect Addressing
(FSR) (opcode) (FSR)
6 5 4 3 2 1 0 6 5 4 3 2 1 0
\ J - N
Bank Select  Location Select

C |

Bank
Select

Location Select

-

Addresses map back to

-

dresses in Bank 0.

=00 01
00h
ad

Data OFh
Memory“) 10h

1Fh 3Fh

Bank 0 Bank 1
Note 1: For register map detail, see Figure 4-2.

2:

Grey boxes are unimplemented and read as *

1.

© 2007 Microchip Technology Inc.
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FIGURE 4-6: DIRECT/INDIRECT ADDRESSING (PIC16F506)
Direct Addressing Indirect Addressing
(FSR) (opcode) (FSR)
6 5 4 3210 6 543 210
Bank Select Location|SeIect |B k | Location Select
N _ an ocation Selec
» 00 01 10 1‘1 )
l 00h
Addresses
map back to
addresses
in Bank 0.
Data OFh I
Memory("  10h v
1Fh 3Fh 5Fh 7Fh

Bank0 Bank1 Bank2 Bank3

Note 1: For register map detail, see Figure 4-3.
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FIGURE 5-12: BLOCK DIAGRAM OF RC4 FIGURE 5-13: BLOCK DIAGRAM OF RC5
C20UT —o 1/0 PinM
Data :: ’-IE Data /0 Pin(®
Bus Bus
D Q 1 D Q —| >
Data Data @
WR Latch WR Latch
Port CK 6 Port CK 6
C20UTEN—¢
w w
Reg D Q Reg D Q
TRIS TRIS
. Latch o Latch
TRIS ‘f CK a ) — TRIS f CK a
TOCS

Reset Reset

: <

RD Port TOCKI —

Note 1: 1/O pins have protection diodes to VDD and Note 1: 1/O pins have protection diodes to VDD and
Vss. Vss.
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6.0 TMRO MODULE AND TMRO
REGISTER

The TimerO module has the following features:

 8-bit timer/counter register, TMRO
* Readable and writable
» 8-bit software programmable prescaler
« Internal or external clock select:
- Edge select for external clock

- External clock from either the TOCKI pin or
from the output of the comparator

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

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In Timer mode, the TimerQ module will
increment every instruction cycle (without prescaler). If
TMRO register is written, the increment is inhibited for
the following two cycles (Figure 6-2 and Figure 6-3).
The user can work around this by writing an adjusted
value to the TMRO register.

There are two types of Counter mode. The first Counter
mode uses the TOCKI pin to increment TimerO. It is
selected by setting the TOCKI bit (OPTION<5>), setting
the C1TOCS bit (CM1CONO0<4>) and setting the
C10UTEN bit (CM1CONO0<6>). In this mode, Timer0
will increment either on every rising or falling edge of
pin TOCKI. The TOSE bit (OPTION<4>) determines the
source edge. Clearing the TOSE bit selects the rising
edge. Restrictions on the external clock input are
discussed in detail in Section 6.1 “Using Timer0 With
An External Clock”.

The second Counter mode uses the output of the com-
parator to increment TimerO. It can be entered in two
different ways. The first way is selected by setting the
TOCS bit (OPTION<5>), and clearing the C1TOCS bit
(CM1CONO0<4>) (C1OUTEN [CM1CONO0<6>] does not
affect this mode of operation). This enables an internal
connection between the comparator and the TimerO.

The second way is selected by setting the TOCS bit
(OPTION<5>), setting the C1TOCS bit (CM1CONO)
and clearing the C1OUTEN bit (CM1CONO0<6>). This
allows the output of the comparator onto the TOCKI pin,
while keeping the TOCKI input active. Therefore, any
comparator change on the COUT pin is fed back into
the TOCKI input. The TOSE bit (OPTION<4>) deter-
mines the source edge. Clearing the TOSE bit selects
the rising edge. Restrictions on the external clock input
as discussed in Section 6.1 “Using Timer0 With An
External Clock”.

The prescaler may be used by either the TimerO
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 TimerO0 module, prescale values of 1:2, 1:4,...,
1:256 are selectable. Section 6.2 “Prescaler” details
the operation of the prescaler.

A summary of registers associated with the TimerQ
module is found in Table 6-1.

FIGURE 6-1: TIMERO BLOCK DIAGRAM
TOCKI
Pin Data Bus
Fosc/4 —— 0 PSOUT 8
Internal * 1 Sync with
Comparator 1 — Internal TMRO Reg
Output ’7 Programmable 0 Clocks PSouT
Prescaler(?

c1Tocs®

Tocs™

PS2, PS1, PsoM  psal)

Note 1: Bits TOCS, TOSE, PSA, PS2, PS1 and PSO0 are located in the OPTION register.
2: The prescaler is shared with the Watchdog Timer (Figure 6-5).
3: Bit C1TOCS is located in the CM1CONO register, CM1CONO0<4>.

(2 Tey delay) Sync

© 2007 Microchip Technology Inc.
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REGISTER 7-2: CM1CONO: COMPARATOR C1 CONTROL REGISTER (PIC16F506)
R-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
C10UT C10UTEN C1POL C1T0CS C10ON C1NREF ‘ C1PREF | C1wu
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 C10UT: Comparator Output bit
1 =VIN+ > VIN-
0 = VIN+ < VIN-
bit 6 C10UTEN: Comparator Output Enable bit(1): (2)
1 = Output of comparator is NOT placed on the C10UT pin
0 = Output of comparator is placed in the C1OUT pin
bit 5 C1POL: Comparator Output Polarity bit(2)
1 = Output of comparator is not inverted
0 = Output of comparator is inverted
bit 4 C1TOCS: Comparator TMRO Clock Source bit(2)
1 = TMRO clock source selected by TOCS control bit
0 = Comparator output used as TMRO clock source
bit 3 C10N: Comparator Enable bit
1 = Comparator is on
0 = Comparator is off
bit 2 C1NREF: Comparator Negative Reference Select bit(2)
1 = C1IN- pin
0 = 0.6V internal reference
bit 1 C1PREF: Comparator Positive Reference Select bit(2)
1 = C1IN+ pin
0 = C1IN- pin
bit 0 C1WU: Comparator Wake-up On Change Enable bit(2)
1 = Wake-up On Comparator Change is disabled
0 = Wake-up On Comparator Change is enabled
Note 1: Overrides TOCS bit for TRIS control of RB2.

2: When comparator is turned on, these control bits assert themselves. Otherwise, the other registers have
precedence.

DS41268D-page 44
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9.1.6 ANALOG CONVERSION RESULT
REGISTER

The ADRES register contains the results of the last
conversion. These results are present during the sam-
pling period of the next analog conversion process.
After the sampling period is over, ADRES is cleared
(= 0). A ‘leading one’ is then right shifted into the
ADRES to serve as an internal conversion complete
bit. As each bit weight, starting with the MSB, is con-
verted, the leading one is shifted right and the con-
verted bit is stuffed into ADRES. After a total of 9 right

shifts of the ‘leading one’ have taken place, the conver-
sion is complete; the ‘leading one’ has been shifted out
and the GO/DONE bit is cleared.

If the GO/DONE bit is cleared in software during a con-
version, the conversion stops. The data in ADRES is
the partial conversion result. This data is valid for the bit
weights that have been converted. The position of the
‘leading one’ determines the number of bits that have
been converted. The bits that were not converted
before the GO/DONE was cleared are unrecoverable.

REGISTER 9-1: ADCONO: A/D CONTROL REGISTER (PIC12F510)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-0 R/W-0
ANS1 ANSO ADCS1 ADCSO | CHS1 | CHSO | GO/DONE | ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6

ANS<1:0>: ADC Analog Input Pin Select bits(1): (2)
00 = No pins configured for analog input

01 = AN2 configured as an analog input

10 = AN2 and ANO configured as analog inputs

11 = AN2, AN1 and ANO configured as analog inputs

bit 5-4 ADCS<1:0>: ADC Conversion Clock Select bits

00 = Fosc/16
01 = Fosc/8
10 = Fosc/4
11 = INTOSC/4
bit 3-2 CHS<1:0>: ADC Channel Select bits
00 = Channel ANO
01 = Channel AN1
10 = Channel AN2
11 = 0.6V absolute voltage reference

bit 1 GO/DONE: ADC Conversion Status bit(4)

1= ADC conversion in progress. Setting this bit starts an ADC conversion cycle. This bit is
automatically cleared by hardware when the ADC is done converting.

0 = ADC conversion completed/not in progress. Manually clearing this bit while a conversion is in
process terminates the current conversion.

bit 0 ADON: ADC Enable bit
1 = ADC module is operating

0 = ADC module is shut-off and consumes no power

Note 1: When the ANS bits are set, the channels selected will automatically be forced into Analog mode, regard-
less of the pin function previously defined. The only exception to this is the comparator, where the analog
input to the comparator and the ADC will be active at the same time. It is the users responsibility to ensure
that the ADC loading on the comparator input does not affect their application.

2: The ANS<1:0> bits are active regardless of the condition of ADON.

»

CHS<1:0> bits default to 11 after any Reset.

4: If the ADON bit is clear, the GO/DONE bit cannot be set.

© 2007 Microchip Technology Inc.
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10.3 Reset
The device differentiates between various kinds of
Reset:

* Power-on Reset (POR)

« MCLR Reset during normal operation

+ MCLR Reset during Sleep

« WDT Time-out Reset during normal operation
« WDT Time-out Reset during Sleep

» Wake-up from Sleep Reset on pin change

» Wake-up from Sleep Reset on comparator
change

Some registers are not reset in any way, they are
unknown on POR and unchanged in any other Reset.
Most other registers are reset to “Reset state” on
Power-on Reset (POR), MCLR, WDT or Wake-up from
Sleep Reset on pin change or wake-up from Sleep
Reset on comparator change. The exceptions are TO,
PD, CWUF and RBWUF/GPWUF bits. They are set or
cleared differently in different Reset situations. These
bits are used in software to determine the nature of
Reset. See Table 10-4 for a full description of Reset
states of all registers.

TABLE 10-3: RESET CONDITIONS FOR REGISTERS - PIC12F510

m Reset, WDT Time-out,
Register Address Power-on Reset Wake-up On Pin Change, Wake-up on
Comparator Change
W — agaq gqaqul? agag gqaqul?
INDF 00h XXXX XXXX uuuu uuuu
TMRO 01h XXXX XXXX uuuu uuuu
PCL 02h 1111 1111 1111 1111
STATUS 03h 0001 1xxx gqog quuu®
FSR 04h 110X xXXXX 1luu uuuu
OSCCAL 05h 1111 111- uuuu uuu-
GPIO 06h - -XX XXXX --uu uuuu
CM1CONO 07h 1111 1111 uuuu uuuu
ADCONO 08h 1111 1100 uull 1100
ADRES 09h XXXX XXXX uuuu uuuu
OPTION — 1111 1111 1111 1111
TRISIO — --11 1111 --11 1111
Legend: u =unchanged, x = unknown, — = unimplemented bit, read as ‘0’, g = value depends on condition.
Note 1: Bits <7:2> of W register contain oscillator calibration values due to MOVLW XX instruction at top of
memory.

2: See Table 10-5 for Reset value for specific conditions.
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10.3.1 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/0. See

Figure 10-6.

FIGURE 10-6: MCLR SELECT
GPWU/RBWU
] (GP3/RB3)/MCLR/VPP
MCLRE Internal MCLR

10.4 Power-on Reset (POR)

The PIC12F510/16F506 devices incorporate 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 oper-
ation. The POR is active regardless of the state of the
MCLR enable bit. An internal weak pull-up resistor is
implemented using a transistor (refer to Table 13-3 for
the pull-up resistor ranges). This will eliminate external
RC components usually needed to create an external
Power-on Reset. A maximum rise time for VDD is spec-
ified. See Section 13.0 “Electrical Characteristics”
for details.

When the devices start normal operation (exit the
Reset condition), device operating parameters (volt-
age, 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 10-7.

The Power-on Reset circuit and the Device Reset
Timer (see Section 10.5 “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, internal or
external, to be high. After the time-out period, 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 10-8. VDD 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 10-9, the on-chip Power-on Reset feature is
being used (MCLR and VDD are tied together or the pin
is programmed to be (GP3/RB3). The VDD is stable
before the Start-up timer times out and there is no prob-
lem in getting a proper Reset. However, Figure 10-10
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 10-9).

Note:  When the devices start normal operation
(exit the Reset condition), device operat-
ing parameters (voltage, frequency,
temperature, 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.

For additional information, refer to Application Notes
ANS22, “Power-Up Considerations” (DS00522) and
ANG607, “Power-up Trouble Shooting” (DS00607).
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FIGURE 10-11: WATCHDOG TIMER BLOCK DIAGRAM
From Timer0 Clock Source
(Figure 6-5)
LO.
M > Postscale
Watchdog 1l u > r
Timer =1 X ¢
¢ T 8-to-1 MUX  lg— PS<2:0>
WDTE PSA
¢—— To Timer0 (Figure 6-4)
oY Y2
MUX «— PSA
WDT Time-out
Note 1: TOCS, TOSE, PSA, PS<2:0> are bits in the OPTION register.
TABLE 10-7: SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER
Value on Value on
Address Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Power-On All Other
Reset Resets

N/A OPTION™| GPWU | GPPU | TOCS | TOSE | PSA | PS2 | PS1 | PSO | 1111 1111 | 1111 1111
N/A OPTION®@ | RBWU | RBPU | TOCS | TOSE | PSA | PS2 | PS1 | PSO | 1111 1111 | 1111 1111

Legend: Shaded boxes = Not used by Watchdog Timer. — = unimplemented, read as ‘0’, u = unchanged.
PIC12F510 only.
PIC16F506 only.

Note 1:
2:
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TRIS Load TRIS Register XORWF Exclusive OR W with f
Syntax: [label] TRIS f Syntax: [label] XORWF fd
Operands: f=6 Operands: 0<f<31
Operation: (W) — TRIS register f de [0,1]
Status Affected: None Operation: (W) .XOR. (f) — (dest)
Description: TRIS register f (f=6or7)is Status Affected: Z

:ZZ?;:rWith the contents of the W Description: Exclusive OR the contents of the

W register with register f'. If ‘d’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register f’.

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k

Operands: 0<k<255

Operation: (W) .XOR. k = (W)

Status Affected: Z

Description: The contents of the W register are

XOR’ed with the eight-bit literal ‘k’.
The result is placed in the W
register.
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13.2 DC Characteristics: PIC12F510/16F506 (Extended)

DC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature 40°C < TA < +125°C (extended)
P:r:m Sym Characteristic Min Typ“) Max | Units Conditions
D001 |VDD Supply Voltage 2.0 5.5 \% See Figure 14-1
D002 |VDR RAM Data Retention Voltage(z) — 1.5% — Vv Device in Sleep mode
D003 |VPOR |VDD Start Voltage to ensure — Vss — Vv See Section 10.4 “Power-on
Power-on Reset Reset (PORY)” for details
D004 |SvbD |VDD Rise Rate to ensure 0.05* — — | V/Ims |See Section 10.4 “Power-on
Power-on Reset Reset (PORY)” for details
D010 |Ibp Supply Current(®4) — | 175 | 275 | pA |Fosc =4 MHz, Vop = 2.0V
— | 0625 | 11 mA |Fosc =4 MHz, Vbp = 5.0V
— 250 | 450 UA |Fosc =8 MHz, VbD = 2.0V
— 1.0 1.5 mA |Fosc =8 MHz, VbD = 5.0V
— 1.4 2.0 mA |Fosc =20 MHz, VbD = 5.0V
— 11 16 uA |[Fosc = 32 kHz, VDD = 2.0V
— 38 54 uA |[Fosc = 32 kHz, VDD = 5.0V
D020 |lpD Power-down Current(®) — | 01 | 90| pA |VbD=2.0V
— 0.35 | 15,0 | pA |VDD=5.0V
D022 |IwbT |WDT Current(® — | 10 | 18 | puA |Vbp=2.0V
— 7.0 22 uA | VDD =5.0V
D023 |ICMP |Comparator Current(® — 15 25 UA | VDD = 2.0V (per comparator)
— 55 75 WA | VDD = 5.0V (per comparator)
D022 |IcvReF | CVREF Current(S) — 30 | 65 | WA [VDD=2.0V (high range)
— 75 135 UA | VDD = 5.0V (high range)
D023 |IFVR Internal 0.6V Fixed Voltage — 85 130 UA | VDD = 2.0V (0.6V reference and
Reference Current(®) 1 comparator enabled)
— 175 | 220 UA | VDD = 5.0V (0.6V reference and
1 comparator enabled)
D024 |AlAD | A/D Conversion Current(® — | 120 | 150 | pA |2.0V
— 200 | 250 uA  |5.0V

Note 1:

These parameters are characterized but not tested.

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.

This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.

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.

The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to Vss, TOCKI = Vbb, MCLR = VDD;
WDT enabled/disabled as specified.

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.
Does not include current through REXT. The current through the resistor can be estimated by the formula:
| = VDD/2REXT (mA) with REXT in kQ.
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TABLE 13-5:

CALIBRATED INTERNAL RC FREQUENCIES

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)

Operating Temperature

-40°C < TA < +85°C (industrial),
-40°C < TA £ +125°C (extended)

Param Sym Characteristic Freq. Min | Typ(" | Max* | Units Conditions
No. Tolerance
F10 Fosc |Internal Calibrated INTOSC 1% 7.92 | 8.00 | 8.08 | MHz |VDD =3.5V TA=25°C
Frequency(") +2% | 7.84 | 8.00 | 8.16 | MHz [2.5V <VDD < 5.5V
0°C<TA<+85°C
+5% 7.60 | 8.00 | 840 | MHz |2.0V <VDD <5.5V
-40°C < TA < +85°C (Ind.)
-40°C < TA < +125°C (Ext.)

* These parameters are characterized but not tested.

Note 1: Data inthe Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.
FIGURE 13-7: 1/0 TIMING
Q4 o Q1 : Q2 | Q3 |
/O Pin ' o . T
(input) o\ C ,
e 17— ' 15 ~18». !
/0 Pin ! K/ T l l
(output) Old Value : X : | New Value |
; 20,21 : : :
Note:  All tests must be done with specified capacitive loads (see data sheet) 50 pF on I/O pins and CLKOUT.
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TABLE 13-9: PULL-UP RESISTOR RANGES

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

RBO (GP0)/RB1 (GP1)

2.0 -40 73K 105K 186K Q
25 73K 113K 187K Q
85 82K 123K 190K Q
125 86K 132k 190K Q

5.5 -40 15K 21K 33K Q
25 15K 22K 34K Q
85 19K 26k 35K Q
125 23K 29K 35K Q

RB3 (GP3)

2.0 -40 63K 81K 96K Q
25 77K 93K 116K Q
85 82K 96k 116K Q
125 86K 100K 119K Q

5.5 -40 16K 20k 22K Q
25 16K 21K 23K Q
85 24K 25k 28K Q
125 26K 27K 29K Q

© 2007 Microchip Technology Inc.
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NOTES:
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8-Lead Plastic Micro Small Outline Package (MS) [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

1000

aadiiijl

|
7y
e e R iy

Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Pins N 8
Pitch e 0.65 BSC
Overall Height A - - 1.10
Molded Package Thickness A2 0.75 0.85 0.95
Standoff A1 0.00 - 0.15
Overall Width E 4.90BSC
Molded Package Width E1 3.00 BSC
Overall Length D 3.00 BSC
Foot Length L 0.40 0.60 0.80
Footprint L1 0.95 REF
Foot Angle [} 0° - 8°
Lead Thickness c 0.08 - 0.23
Lead Width b 0.22 - 0.40

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-111B
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