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PIC12F683

3.7.3 CHECKING TWO-SPEED CLOCK
STATUS

Checking the state of the OSTS bit of the OSCCON
register will confirm if the microcontroller is running
from the external clock source, as defined by the
FOSC<2:0> bits in the Configuration Word register
(CONFIG), or the internal oscillator.

FIGURE 3-7: TWO-SPEED START-UP
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REGISTER 4-4: WPU: WEAK PULL-UP REGISTER

U-0 u-0 R/W-1 R/W-1 U-0 R/W-1 R/W-1 R/W-1
— — WPU5 WPU4 — WPU2 WPU1 WPUO
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 Unimplemented: Read as ‘0’
bit 5-4 WPU<5:4>: Weak Pull-up Control bits

1 = Pull-up enabled
0 = Pull-up disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WPU<2:0>: Weak Pull-up Control bits

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global GPPU must be enabled for individual pull-ups to be enabled.
2. The weak pull-up device is automatically disabled if the pin is in Output mode (TRISIO = 0).
3:  The GP3 pull-up is enabled when configured as MCLR and disabled as an I/O in the Configuration Word.
4: WPU<5:4> always reads ‘1’ in XT, HS and LP OSC modes.

REGISTER 4-5: IOC: INTERRUPT-ON-CHANGE GPIO REGISTER

U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — 10C5 I0C4 10C3 10C2 I0C1 I0CO
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 Unimplemented: Read as ‘0’
bit 5-0 IOC<5:0>: Interrupt-on-change GPIO Control bits

1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

Note 1. Global Interrupt Enable (GIE) must be enabled for individual interrupts to be recognized.
2. 10C<5:4> always reads ‘0’ in XT, HS and LP OSC modes.
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4.2.4 ULTRA LOW-POWER WAKE-UP

The Ultra Low-Power Wake-up (ULPWU) on GPO
allows a slow falling voltage to generate an inter-
rupt-on-change on GPO without excess current con-
sumption. The mode is selected by setting the
ULPWUE bit of the PCON register. This enables a
small current sink which can be used to discharge a
capacitor on GPO.

To use this feature, the GPO pin is configured to output
‘1’ to charge the capacitor, interrupt-on-change for GPO
is enabled and GPO is configured as an input. The ULP-
WUE bit is set to begin the discharge and a SLEEP
instruction is performed. When the voltage on GPO
drops below ViL, an interrupt will be generated which will
cause the device to wake-up. Depending on the state of
the GIE bit of the INTCON register, the device will either
jump to the interrupt vector (0004h) or execute the next
instruction when the interrupt event occurs. See
Section 4.2.3 “Interrupt-on-Change” and
Section 12.4.3 “GPIO Interrupt” for more information.

This feature provides a low-power technique for period-
ically waking up the device from Sleep. The time-out is
dependent on the discharge time of the RC circuit
on GP0O. See Example 4-2 for initializing the Ultra
Low-Power Wake-up module.

The series resistor provides overcurrent protection for
the GPO pin and can allow for software calibration of the
time-out (see Figure 4-1). A timer can be used to mea-
sure the charge time and discharge time of the capaci-
tor. The charge time can then be adjusted to provide the
desired interrupt delay. This technique will compensate
for the affects of temperature, voltage and component
accuracy. The Ultra Low-Power Wake-up peripheral
can also be configured as a simple Programmable
Low-Voltage Detect or temperature sensor.

Note:

For more information, refer to the Applica-
tion Note AN879, “Using the Microchip
Ultra Low-Power Wake-up Module”
(DS00879).

EXAMPLE 4-2: ULTRA LOW-POWER

WAKE-UP INITIALIZATION

BANKSEL
MOVLW
MOVWF
BANKSEL
BCF

BCF
BANKSEL
BSF
CALL
BANKSEL
BSF

BSF

BSF
MOVLW
MOVWF
SLEEP
NOP

CMCONO ;

H'7' ;Turn off

CMCONO ;jcomparators

ANSEL ;

ANSEL, 0 ;RAO to digital I/0

TRISA,O ;Output high to

PORTA ;

PORTA, 0 ;charge capacitor

CapDelay ;

PCON ;

PCON, ULPWUE ;Enable ULP Wake-up

I0CA, 0 ;Select RAO IOC

TRISA,O ;RAO0 to input

B’10001000’ ;Enable interrupt

INTCON ; and clear flag
;Wait for IOC

© 2007 Microchip Technology Inc.
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4256 GP5/T1CKI/OSC1/CLKIN FIGURE 4-6: BLOCK DIAGRAM OF GP5
Figure 4-6 shows the diagram for this pin. The GP5 pin INNTIOdSC
is configurable to function as one of the following: Data ce TMRILPEN®
« ageneral purpose I/O Bus o Ip @ ?/ VDD
« aTimer1 clock input wr | ek o :}—d |:—|:Neak
* a crystal/resonator connection WPU N
e aclock input RD 4 PPU
WPU
Circuit
0sc2
D Q Voo

WR_| L\ CK =
cro TP Q

1/0 pin

9D Q
WR

trRisio1P K Qe
J INTOSC
RD 1 Mode
TRISIO

RD _‘ﬁ

GPIO

1

?
lw)
O

WR _|]
10C d

FR
ol

RD
10C

EN

Interrupt-on-
change

RD GPIO

To Timerl or CLKGEN

Note 1: Timerl LP oscillator enabled.

2: When using Timerl with LP oscillator, the
Schmitt Trigger is bypassed.

TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH GPIO

. . . . . . . - Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
' Resets

ANSEL — ADCS2 ADCS1 ADCSO0 ANS3 ANS2 ANS1 ANSO -000 1111 -000 1111
CCP1CON — — DC1B1 DC1BO CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO --00 0000 --00 0000
CMCONO — CouT — CINV CIs CM2 CM1 CMO -0-0 0000 -0-0 0000
PCON = — ULPWUE | SBOREN = — POR BOR --01 --qq --0u --uu
INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 0000 000x
10C — — 10C5 10C4 10C3 10C2 10C1 10C0 --00 0000 --00 0000
OPTION_REG GPPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
GPIO — — GP5 GP4 GP3 GP2 GP1 GPO --XX XXXX --x0 x000
T1CON TIGINV | TMRIGE | TICKPS1 | TICKPSO | TLOSCEN | TISYNC | TMRICS | TMR1ON 0000 0000 0000 0000
TRISIO — — TRISIOS | TRISIO4 | TRISIO3 | TRISIO2 | TRISIO1 | TRISIOO --11 1111 --11 1111
WPU — — WPU5 WPU4 — WPU2 WPU1 WPUO --11 -111 --11 -111
Legend: x = unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by GPIO.
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5.0 TIMERO MODULE

The TimerO module is an 8-bit timer/counter with the
following features:

« 8-hit timer/counter register (TMRO)

« 8-bit prescaler (shared with Watchdog Timer)

« Programmable internal or external clock source

« Programmable external clock edge selection

« Interrupt on overflow

Figure 5-1 is a block diagram of the TimerO module.

FIGURE 5-1:

5.1 Timer0Q Operation

When used as a timer, the TimerO module can be used
as either an 8-bit timer or an 8-bit counter.

5.1.1 8-BIT TIMER MODE

When used as a timer, the TimerO0 module will
increment every instruction cycle (without prescaler).
Timer mode is selected by clearing the TOCS bit of the
OPTION register to ‘0’.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

Note:  The value written to the TMRO register can
be adjusted, in order to account for the two
instruction cycle delay when TMRO is
written.

51.2 8-BIT COUNTER MODE

When used as a counter, the Timer0 module will
increment on every rising or falling edge of the TOCKI
pin. The incrementing edge is determined by the TOSE
bit of the OPTION register. Counter mode is selected by
setting the TOCS bit of the OPTION register to ‘1'.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

Fosc/a

3:  WDTE bit is in the Configuration Word register.

Data Bus
0
8
° 1 \
S
1 - 2)}25 >  TMRO
TOCKI 0 _l
pin
TOCS T Set Flag bit TOIF
TOSE P 8 b'tl on Overflow
rescaler PSA
b
8
WDTE PSA
SWDTEN —
PS<2:0> 1
| —» WDT
16-bit Time-out
0
Prescaler 16
31 kHz Watchdog
INTOSC Timer PSA

WDTPS<3:0>

Note 1: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION register.
2:  SWDTEN and WDTPS<3:0> are bits in the WDTCON register.

© 2007 Microchip Technology Inc.
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6.0 TIMER1 MODULE WITH GATE
CONTROL

The Timerl module is a 16-bit timer/counter with the
following features:
« 16-bit timer/counter register pair (TMR1H: TMR1L)
« Programmable internal or external clock source
e 3-hit prescaler
< Optional LP oscillator
e Synchronous or asynchronous operation
« Timerl gate (count enable) via comparator or
T1G pin
« Interrupt on overflow

« Wake-up on overflow (external clock,
Asynchronous mode only)

« Special Event Trigger (with CCP)

« Comparator output synchronization to Timerl
clock

Figure 6-1 is a block diagram of the Timer1 module.

6.1 Timerl Operation

The Timerl module is a 16-bit incrementing counter
which is accessed through the TMR1H: TMRLL register
pair. Writes to TMR1H or TMR1L directly update the
counter.

When used with an internal clock source, the module is
a timer. When used with an external clock source, the
module can be used as either a timer or counter.

6.2 Clock Source Selection

The TMR1CS bit of the TLCON register is used to select
the clock source. When TMR1CS = 0, the clock source
is Fosc/4. When TMRICS = 1, the clock source is
supplied externally.

Clock Source TMRI1CS
Fosc/4 0
T1CKI pin 1

FIGURE 6-1: TIMER1 BLOCK DIAGRAM
t T1GINV

Set flag bit

TMRL1IF on To Comparator Module

Overflow TMR1® Timerl Clock _

0 Synchronized
TMR1H ™R1L T clock input
1|+—
, . Oscillator Q) TISYNC
oscuTickl X——9—¢— 2> 1 —
; : Prescaler Synchronize®
' Fosc/4 1,2,4,8
! ' Internal 0 S det
osc216 Xe——e—— Clock j(z
T1CKPS<1:0>
TMR1CS
1
INTOSC
T10SCEN cout 0
T1GSS
Note 1: ST Bufferis low power type when using LP oscillator, or high speed type when using T1CKI.
2:  Timerl register increments on rising edge.
3:  Synchronize does not operate while in Sleep.

DS41211D-page 44
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6.11 Timerl Control Register

The Timerl Control register (T1CON), shown in
Register 6-1, is used to control Timerl and select the
various features of the Timerl module.

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T1GINVDY | TMR1IGE® | T1CKPS1 | T1CKPSO | T1OSCEN | TI1SYNC TMR1CS | TMR1ON
bit 7 bit 0

Legend:

R = Readable hit 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 T1GINV: Timerl Gate Invert bit®)

1 = Timerl gate is active-high (Timerl counts when gate is high)
0 = Timerl gate is active-low (Timerl counts when gate is low)

bit 6 TMR1GE: Timerl Gate Enable bit®
If TMR1ON = 0:
This bit is ignored
If TMRION = 1:
1 = Timerl is on if Timerl gate is not active
0 =Timerl is on
bit 5-4 T1CKPS<1:0>: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale Value
10 = 1:4 Prescale Value
01 = 1:2 Prescale Value
00 = 1:1 Prescale Value

bit 3 T1OSCEN: LP Oscillator Enable Control bit

If INTOSC without CLKOUT oscillator is active:
1 = LP oscillator is enabled for Timerl clock
0 = LP oscillator is off

Else:
This bit is ignored. LP oscillator is disabled.

bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRICS =1:

1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMRICS = o:
This bit is ignored. Timerl uses the internal clock
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from T1CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit
1 = Enables Timerl
0 = Stops Timerl

Note 1: TI1GINV bit inverts the Timerl gate logic, regardless of source.

2:  TMRI1GE bit must be set to use either T1G pin or COUT, as selected by the T1GSS bit of the CMCON1
register, as a Timerl gate source.

© 2007 Microchip Technology Inc. DS41211D-page 47
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9.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive
approximation and stores the conversion result into the
ADC result registers (ADRESL and ADRESH).

FIGURE 9-1: ADC BLOCK DIAGRAM

The ADC voltage reference is software selectable to
either VDD or a voltage applied to the external reference
pins.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

Figure 9-1 shows the block diagram of the ADC.

VDD

VCEG =0 ,

VREF VCEG=1
GPO/ANO
GP1/AN1/VREF —e—
GP2/AN2 AID
GP4/AN3 GO/DONE—>| 10
0 = Left Justify
cHS | ADFM =11 _ Right Justify

ADON 10

ADRESH | ADRESL |

9.1 ADC Configuration

When configuring and using the ADC the following
functions must be considered:

* GPIO configuration

¢ Channel selection

« ADC voltage reference selection

« ADC conversion clock source

« Interrupt control

« Results formatting

9.11 GPIO CONFIGURATION

The ADC can be used to convert both analog and digital
signals. When converting analog signals, the /0O pin
should be configured for analog by setting the associated
TRIS and ANSEL bits. See the corresponding GPIO
section for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

9.1.2 CHANNEL SELECTION

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 9.2
“ADC Operation” for more information.

© 2007 Microchip Technology Inc.
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9.15 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC interrupt flag is the ADIF bit in the
PIR1 register. The ADC interrupt enable is the ADIE bit
in the PIE1 register. The ADIF bit must be cleared in
software.

Note:  The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the global interrupt must be disabled. If the
global interrupt is enabled, execution will switch to the
interrupt service routine.

Please see Section 12.4 “Interrupts” for more
information.

9.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCONO register controls the output format.

Figure 9-3 shows the two output formats.

FIGURE 9-3: 10-BIT A/D CONVERSION RESULT FORMAT
ADRESH ADRESL
worm=o) [mss| | [ [ [ | L sl [ [ [ T [ |
bit 7 bit 0 bit 7 bit 0
—~ ~
10-bit A/D Result Unimplemented: Read as ‘0’
worv=n [ | | [ [ [ qwsef | | | [ [ | [ [ [is8]
bit 7 bit 0 bit 7 bit 0
Unimplemented: Read as ‘0’ 10-bit A/D Result

9.2 ADC Operation

9.2.1 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONO register must be set to a ‘1’. Setting the
GO/DONE bit of the ADCONO register to a ‘1’ will start
the Analog-to-Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 9.2.6 “A/D Conversion

Procedure”.

9.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:
¢ Clear the GO/DONE bit

« Set the ADIF flag bit

¢ Update the ADRESH:ADRESL registers with new
conversion result

9.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRESH:ADRESL registers will not be updated with
the partially complete Analog-to-Digital conversion
sample. Instead, the ADRESH:ADRESL register pair
will retain the value of the previous conversion. Addi-
tionally, a 2 TAD delay is required before another acqui-
sition can be initiated. Following this delay, an input
acquisition is automatically started on the selected
channel.

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is
terminated.

© 2007 Microchip Technology Inc.
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11.3 PWM Mode

The PWM mode generates a Pulse-Width Modulated
signal on the CCP1 pin. The duty cycle, period and
resolution are determined by the following registers:

* PR2

* T2CON

* CCPR1L

+ CCP1CON

In Pulse-Width Modulation (PWM) mode, the CCP
module produces up to a 10-bit resolution PWM output
on the CCP1 pin. Since the CCP1 pin is multiplexed

with the PORT data latch, the TRIS for that pin must be
cleared to enable the CCP1 pin output driver.

Note: Clearing the CCP1CON register will

relinquish CCP1 control of the CCP1 pin.

Figure 11-1 shows a simplified block diagram of PWM
operation.

Figure 11-4 shows a typical waveform of the PWM
signal.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 11.3.7
“Setup for PWM Operation”.

FIGURE 11-3: SIMPLIFIED PWM BLOCK
DIAGRAM
CCP1CON<5:4>
Duty Cycle Registers ’/
‘ CCPR1L ‘
‘ CCPR1H® (Slave)é ‘ ccP1
U ' Pin
‘ Comparator i R Q
‘ TMR2 ‘(1) ‘ 1
TRIS
Comparator
Clear Timer2,

toggle CCP1 pin and
latch duty cycle

Note 1. The 8-bittimer TMR2 register is concatenated
with the 2-bit internal system clock (Fosc), or
2 bits of the prescaler, to create the 10-bit time
base.
2:  In PWM mode, CCPR1H is a read-only register.

The PWM output (Figure 11-4) has a time base
(period) and a time that the output stays high (duty
cycle).

FIGURE 11-4: CCP PWM OUTPUT

Period
| ]

Pulse Width
<«—TMR2 = PR2

LI

.
'

' «—TMR2 = CCPR1L:CCP1CON<5:4>

<—TMR2=0
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REGISTER 12-2: WDTCON: WATCHDOG TIMER CONTROL REGISTER

uU-0 uU-0 uU-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0
— — — WDTPS3 WDTPS2 WDTPS1 WDTPSO0 SWDTEN
bit 7 bit 0
Legend:
R = Readable hit 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 7-5 Unimplemented: Read as ‘0’
bit 4-1 WDTPS<3:0>: Watchdog Timer Period Select bits
Bit Value = Prescale Rate
0000 = 1:32
0001 = 1:64
0010 = 1:128
0011 = 1:256
0100 = 1:512 (Reset value)
0101 = 1:1024
0110 = 1:2048
0111 = 1:4096
1000 = 1:8192
1001 = 1:16384
1010 = 1:32768
1011 = 1:65536
1100 = Reserved
1101 = Reserved
1110 = Reserved
1111 = Reserved
bit 0 SWDTEN: Software Enable or Disable the Watchdog Timer®

1 =WDT is turned on
0 = WDT is turned off (Reset value)

Note 1. If WDTE Configuration bit = 1, then WDT is always enabled, irrespective of this control bit. If WDTE
Configuration bit = 0, then it is possible to turn WDT on/off with this control bit.

TABLE 12-8: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER

. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
Resets
WDTCON = = — |wpTPsS3|WDTPS2|WSTPS1|WDTPSO|SWDTEN| ---0 1000 | ---0 1000
OPTION_REG | GPPU | INTEDG| TOCS | TOSE PSA PS2 PS1 PSO | 1111 1111 | 1111 1111
CONFIG CPD CP | MCLRE | PWRTE | WDTE | FOSC2 | FOSC1 | FOSCO — —

Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: See Register 12-1 for operation of all Configuration Word register bits.

© 2007 Microchip Technology Inc. DS41211D-page 97
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13.0 INSTRUCTION SET SUMMARY

The PIC12F683 instruction set is highly orthogonal and
is comprised of three basic categories:

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

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 13-1, while the various opcode
fields are summarized in Table 13-1.

Table 13-2 lists the instructions recognized by the
MPASM™ assembler.

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

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

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

For literal and control operations, ‘k’ represents an
8-bit or 11-bit constant, or literal value.

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a
nominal instruction execution time of 1pus. All
instructions are executed within a single instruction
cycle, unless a conditional test is true, or the program
counter is changed as a result of an instruction. When
this occurs, the execution takes two instruction cycles,
with the second cycle executed as a NOP.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

13.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a CLRF PORTA instruction will read
PORTA, clear all the data bits, then write the result back
to PORTA. This example would have the unintended
consequence of clearing the condition that set the RAIF
flag.

TABLE 13-1: OPCODE FIELD
DESCRIPTIONS

Field Description

f | Register file address (0x00 to Ox7F)

Bit address within an 8-bit file register

W | Working register (accumulator)
b
k

Literal field, constant data or label

x | Don't care location (= 0 or 1).

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

d | Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1.

PC | Program Counter

TO |Time-out bit

C | Carry bit
DC | Digit carry bit
Zero bit

PD | Power-down bit

FIGURE 13-1: GENERAL FORMAT FOR

INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0

OPCODE | d | f(FILE #)

d = o for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0
OPCODE |b (BIT #)| f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations
General

13 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

© 2007 Microchip Technology Inc.
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TABLE 13-2: PIC12F683 INSTRUCTION SET

Mnemonic, . 14-Bit Opcode Status

Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, d Add W and f 1 00 0111 dfff ffff| C,DC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 1fff ffff z 2
CLRW - Clear W 1 00 0001 O0xxXX XXXX z
COMF f, d Complement f 1 00 1001 dfff ffff z 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff Zz 1,2
DECFSz f, d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff z 1,2
INCFSZ f, d Increment f, Skip if 0 1(2) 00 1111 dfff ffff 1,2,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff z 1,2
MOVF f, d Move f 1 00 1000 dfff ffff z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff| C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff A 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b Bit Clear f 1 0l 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01l Olbb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL k Call Subroutine 2 10 Okkk kkkk kkkk |
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01xx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into Standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z
Note 1: When an |/O register is modified as a function of itself (e.g., MOVF GPIO, 1),the value used will be that value present

on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a ‘0.
2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerO module.
3: If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
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DECFSz Decrement f, Skip if O

Syntax: [label] DECFSz f.d

Operands: 0<f<127
de [0,1]

Operation: (f) - 1 — (destination);
skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are
decremented. If ‘'d’ is ‘07, the result
is placed in the W register. If ‘d’ is
‘1’, the result is placed back in
register ‘f.
If the result is ‘1’, the next
instruction is executed. If the
resultis ‘0’, then a NOP is
executed instead, making it a
2-cycle instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k — PC<10:0>
PCLATH<4:3> — PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GoTO is a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF f,d

Operands: 0<f<127
de [0,1]

Operation: () + 1 — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are

incremented. If ‘d’ is ‘0’, the result
is placed in the W register. If ‘d’ is
‘1", the result is placed back in
register ‘f.

INCFSZ Increment f, Skip if 0

Syntax: [label] INCFSz fd

Operands: 0<f<127
de [0,1]

Operation: (f) + 1 — (destination),
skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are
incremented. If 'd’ is ‘0’, the result
is placed in the W register. If ‘d" is
‘1", the result is placed back in
register ‘f'.
If the result is ‘1’, the next
instruction is executed. If the
result is ‘0’, a NOP is executed
instead, making it a 2-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] 1ORLW k

Operands: 0<k<255

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

Status Affected: Z

Description: The contents of the W register are
OR’ed with the eight-bit literal ‘k’.
The result is placed in the
W register.

IORWF Inclusive OR W with f

Syntax: [label] I1ORWF f,d

Operands: 0<f<127
de [0,1]

Operation: (W) .OR. (f) — (destination)

Status Affected: Z

Description: Inclusive OR the W register with

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

© 2007 Microchip Technology Inc.
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FIGURE 15-1: PIC12F683 VOLTAGE-FREQUENCY GRAPH,
-40°C <TA <£+125°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

FIGURE 15-2: HFINTOSC FREQUENCY ACCURACY OVER DEVICE Vbb AND TEMPERATURE
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FIGURE 15-9:

CAPTURE/COMPARE/PWM TIMINGS (ECCP)

(Capture mode)

roe m

\«——CCOl—= '«—CCO2—>. :
ccos :
Note: Refer to Figure 15-3 for load conditions.
TABLE 15-6: CAPTURE/COMPARE/PWM REQUIREMENTS (ECCP)
Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA<+125°C
Pilr:m Sym Characteristic Min Typt | Max | Units | Conditions
CCO01* |TccL CCP1 Input Low Time No Prescaler 05Tcy +20 | — — ns
With Prescaler 20 — — ns
CC02* |TccH CCP1 Input High Time No Prescaler 0.5Tcy +20 | — — ns
With Prescaler 20 — — ns
CC03* |TccP CCP1 Input Period 3Tcy + 40 — — ns |N = prescale
N value (1, 4 or
16)

* These parameters are characterized but not tested.

t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

© 2007 Microchip Technology Inc.
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NOTES:
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FIGURE 16-10: IbD vs. VDD (LP MODE)

70

Typical: Statistical Mean @25°C : : : :
60 [---| Maximum: Mean (Worst-case Temp) + 3G [« == ==s=ssmtrmmummmm e eman e LI EEE LR P LR PP EE Y S ERTERY
(-40°C to 125°C) : : : :

S E— ; : : ; : e —

L ; | | R s e e

DD (UA)

g — : : : : R s H—

20 feemmmememeeaa. ot R ST 32 kHz Typical ----

.
.
.
.
]

.............. P L L T T T

eedeccnmnmndennnnns
[ e
[T R

10 fereeen T T S

2.0 25 3.0 35 4.0 4.5 5.0 55
VoD (V)

FIGURE 16-11: TYPICAL IpD vs. Fosc OVER VDD (HFINTOSC MODE)
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17.2 Package Details

The following sections give the technical details of the packages.

8-Lead Plastic Dual In-Line (P or PA) — 300 mil Body [PDIP]

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

NOTE 1 —\_
‘e

17 [
A1 J _iL c
I
b1 —=— || l=— ‘ eB ‘
b —1 |~=—
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 8
Pitch e .100 BSC
Top to Seating Plane A - — .210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane Al .015 — -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1l .240 .250 .280
Overall Length D .348 .365 .400
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width bl .040 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located with the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-018B
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APPENDIX A: DATA SHEET
REVISION HISTORY

Revision A

This is a new data sheet.

Revision B

Rewrites of the Oscillator and Special Features of the
CPU sections. General corrections to Figures and
formatting.

Revision C

Revisions throughout document. Incorporated Golden
Chapters.

Revision D

Replaced Package Drawings; Revised Product ID
Section (SN package to 3.90 mm); Replaced PICmicro
with PIC; Replaced Dev Tool Section.

APPENDIX B:

MIGRATING FROM
OTHER PIC®

DEVICES

This discusses some of the issues in migrating from
other PIC devices to the PIC12F683 device.

B.1 PIC16F676 to PIC12F683

TABLE B-1: FEATURE COMPARISON
Feature PIC16F676 PIC12F683
Max Operating 20 MHz 20 MHz
Speed
Max Program 1024 2048
Memory (Words)
SRAM (bytes) 64 128
A/D Resolution 10-bit 10-bit
Data EEPROM 128 256
(Bytes)
Timers (8/16-bit) 1/1 2/1
Oscillator Modes 8 8
Brown-out Reset Y Y
Internal Pull-ups RAOQ/1/2/4/5 | GPO0/1/2/4/5,
MCLR
Interrupt-on-change | RA0/1/2/3/4/5 | GP0/1/2/3/4/5
Comparator 1 1
ECCP N N
Ultra Low-Power N Y
Wake-Up
Extended WDT N Y
Software Control N Y
Option of WDT/BOR
INTOSC 4 MHz 32 kHz-
Frequencies 8 MHz
Clock Switching N Y

Note:  This device has been designed to perform
to the parameters of its data sheet. It has
been tested to an electrical specification
designed to determine its conformance
with these parameters. Due to process
differences in the manufacture of this
device, this device may have different
performance characteristics than its earlier
version. These differences may cause this
device to perform differently in your
application than the earlier version of this
device.
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