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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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mean that we are guaranteeing the product as “unbreakable.”
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intellectual property rights.
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PIC16F630/676
2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization
The PIC16F630/676 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Only the first 1K x 14 (0000h-03FFh)
for the PIC16F630/676 devices is physically imple-
mented. Accessing a location above these boundaries
will cause a wrap around within the first 1K x 14 space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figure 2-1).

FIGURE 2-1: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16F630/676 

2.2 Data Memory Organization
The data memory (see Figure 2-2) is partitioned into
two banks, which contain the General Purpose Regis-
ters and the Special Function Registers. The Special
Function Registers are located in the first 32 locations
of each bank. Register locations 20h-5Fh are General
Purpose Registers, implemented as static RAM and
are mapped across both banks. All other RAM is
unimplemented and returns ‘0’ when read. RP0
(STATUS<5>) is the bank select bit. 

• RP0 = 0 Bank 0 is selected
• RP0 = 1 Bank 1 is selected

2.2.1 GENERAL PURPOSE REGISTER 
FILE

The register file is organized as 64 x 8 in the
PIC16F630/676 devices. Each register is accessed,
either directly or indirectly, through the File Select
Register FSR (see Section 2.4 “Indirect Addressing,
INDF and FSR Registers”).

PC<12:0>

13

000h

0004
0005

03FFh
0400h

1FFFh

Stack Level 1

Stack Level 8

Reset Vector

Interrupt Vector

On-chip Program
Memory 

CALL, RETURN
RETFIE, RETLW

Stack Level 2

Note: The IRP and RP1 bits STATUS<7:6> are
reserved and should always be maintained
as ‘0’s.
 2010 Microchip Technology Inc. DS40039F-page 9



PIC16F630/676

2.2.2.1 STATUS Register
The STATUS register, shown in Register 2-1, contains:

• the arithmetic status of the ALU
• the Reset status
• the bank select bits for data memory (SRAM)

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended. 

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u u1uu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not affect-
ing any Status bits, see Section 10.0 “Instruction Set
Summary”.   

REGISTER 2-1: STATUS — STATUS REGISTER (ADDRESS: 03h OR 83h)                 

Note 1: Bits IRP and RP1 (STATUS<7:6>) are not
used by the PIC16F630/676 and should
be maintained as clear. Use of these bits
is not recommended, since this may affect
upward compatibility with future products.

2: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF
instructions for examples.

Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RP0 TO PD Z DC C

bit 7 bit 0

bit 7 IRP: This bit is reserved and should be maintained as ‘0’
bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit 5 RP0: Register Bank Select bit (used for direct addressing)

1 = Bank 1 (80h-FFh)
0 = Bank 0 (00h-7Fh)

bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred

bit 3 PD: Power-Down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions) 
For borrow, the polarity is reversed.
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note: For borrow the polarity is reversed. A subtraction is executed by adding the two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.

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
 2010 Microchip Technology Inc. DS40039F-page 13
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2.2.2.6 PCON Register
The Power Control (PCON) register contains flag bits
to differentiate between a:

• Power-on Reset (POR)
• Brown-out Detect (BOD)
• Watchdog Timer Reset (WDT)
• External MCLR Reset

The PCON Register bits are shown in Register 2-6.

REGISTER 2-6: PCON — POWER CONTROL REGISTER (ADDRESS: 8Eh)                 

2.2.2.7 OSCCAL Register
The Oscillator Calibration register (OSCCAL) is used to
calibrate the internal 4 MHz oscillator. It contains 6 bits
to adjust the frequency up or down to achieve 4 MHz. 

The OSCCAL register bits are shown in Register 2-7.

REGISTER 2-7: OSCCAL — INTERNAL OSCILLATOR CALIBRATION REGISTER (ADDRESS: 90h)                 

U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-x

— — — — — — POR BOD
bit 7 bit 0

bit 7-2 Unimplemented: Read as ‘0’
bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOD: Brown-out Detect Status bit
1 = No Brown-out Detect occurred
0 = A Brown-out Detect occurred (must be set in software after a Brown-out Detect occurs)

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

R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0

CAL5 CAL4 CAL3 CAL2 CAL1 CAL0 — —
bit 7 bit 0

bit 7-2 CAL5:CAL0: 6-bit Signed Oscillator Calibration bits
111111 = Maximum frequency
100000 = Center frequency
000000 = Minimum frequency

bit 1-0 Unimplemented: Read as ‘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
DS40039F-page 18   2010 Microchip Technology Inc.
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4.4 Prescaler
An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. For simplicity, this counter will be referred to as
“prescaler” throughout this Data Sheet. The prescaler
assignment is controlled in software by the control bit
PSA (OPTION_REG<3>). Clearing the PSA bit will
assign the prescaler to Timer0. Prescale values are
selectable via the PS2:PS0 bits (OPTION_REG<2:0>).

The prescaler is not readable or writable. When
assigned to the Timer0 module, all instructions writing
to the TMR0 register (e.g., CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. 

4.4.1 SWITCHING PRESCALER 
ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on the fly” during
program execution). To avoid an unintended device
Reset, the following instruction sequence (Example 4-
1) must be executed when changing the prescaler
assignment from Timer0 to WDT.

EXAMPLE 4-1: CHANGING PRESCALER 
(TIMER0WDT)

To change prescaler from the WDT to the TMR0
module, use the sequence shown in Example 4-2. This
precaution must be taken even if the WDT is disabled. 

EXAMPLE 4-2: CHANGING PRESCALER 
(WDTTIMER0)

TABLE 4-1: REGISTERS ASSOCIATED WITH TIMER0    

BCF STATUS,RP0 ;Bank 0

CLRWDT ;Clear WDT

CLRF TMR0 ;Clear TMR0 and

; prescaler

BSF STATUS,RP0 ;Bank 1

MOVLW b’00101111’ ;Required if desired

MOVWF OPTION_REG ; PS2:PS0 is 

CLRWDT ; 000 or 001

;

MOVLW b’00101xxx’ ;Set postscaler to

MOVWF OPTION_REG ; desired WDT rate

BCF STATUS,RP0 ;Bank 0

CLRWDT ;Clear WDT and

; postscaler

BSF STATUS,RP0 ;Bank 1

MOVLW b’xxxx0xxx’ ;Select TMR0, 

; prescale, and 

; clock source

MOVWF OPTION_REG ; 

BCF STATUS,RP0 ;Bank 0

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on
POR, BOD

Value on
all other
Resets

01h TMR0 Timer0 Module Register xxxx xxxx uuuu uuuu

0Bh/8Bh INTCON GIE PEIE T0IE INTE RAIE T0IF INTF RAIF 0000 0000 0000 000u

81h OPTION_REG RAPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

85h TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 --11 1111 --11 1111

Legend:  – = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. 
Shaded cells are not used by the Timer0 module.
 2010 Microchip Technology Inc. DS40039F-page 33



PIC16F630/676

REGISTER 5-1: T1CON — TIMER1 CONTROL REGISTER (ADDRESS: 10h)           

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON

bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’
bit 6 TMR1GE: Timer1 Gate Enable bit

If TMR1ON = 0:
This bit is ignored
If TMR1ON = 1:
1 = Timer1 is on if T1G pin is low
0 = Timer1 is on

bit 5-4 T1CKPS1:T1CKPS0: Timer1 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 Timer1 clock
0 = LP oscillator is off
Else:
This bit is ignored

bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
TMR1CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMR1CS = 0:
This bit is ignored. Timer1 uses the internal clock.

bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from T1OSO/T1CKI pin (on the rising edge)
0 = Internal clock (FOSC/4)

bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

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
DS40039F-page 36   2010 Microchip Technology Inc.
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6.5 Comparator Reference
The comparator module also allows the selection of an
internally generated voltage reference for one of the
comparator inputs. The internal reference signal is
used for four of the eight Comparator modes. The
VRCON register, Register 6-2, controls the voltage
reference module shown in Figure 6-5.

6.5.1 CONFIGURING THE VOLTAGE 
REFERENCE

The voltage reference can output 32 distinct voltage
levels, 16 in a high range and 16 in a low range.

The following equations determine the output voltages:

VRR = 1 (low range): CVREF = (VR3:VR0 / 24) x VDD 

VRR = 0 (high range): CVREF = (VDD / 4) + (VR3:VR0 x
VDD / 32)

6.5.2 VOLTAGE REFERENCE 
ACCURACY/ERROR

The full range of VSS to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 6-5) keep CVREF from approaching VSS or
VDD. The Voltage Reference is VDD derived and there-
fore, the CVREF output changes with fluctuations in
VDD. The tested absolute accuracy of the Comparator
Voltage Reference can be found in Section 12.0
“Electrical Specifications”.

FIGURE 6-5: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

6.6 Comparator Response Time
Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is ensured to have a valid level. If
the internal reference is changed, the maximum delay
of the internal voltage reference must be considered
when using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(Table 12-7).

6.7 Operation During Sleep
Both the comparator and voltage reference, if enabled
before entering Sleep mode, remain active during
Sleep. This results in higher Sleep currents than shown
in the power-down specifications. The additional cur-
rent consumed by the comparator and the voltage ref-
erence is shown separately in the specifications. To
minimize power consumption while in Sleep mode, turn
off the comparator, CM2:CM0 = 111, and voltage refer-
ence, VRCON<7> = 0.

While the comparator is enabled during Sleep, an inter-
rupt will wake-up the device. If the device wakes up
from Sleep, the contents of the CMCON and VRCON
registers are not affected.

6.8 Effects of a Reset
A device Reset forces the CMCON and VRCON
registers to their Reset states. This forces the
comparator module to be in the Comparator Reset
mode, CM2:CM0 = 000 and the voltage reference to its
off state. Thus, all potential inputs are analog inputs
with the comparator and voltage reference disabled to
consume the smallest current possible.

VRR8R

VR3:VR0

16-1 Analog

8R R R R R

CVREF to

16 Stages

Comparator
Input

VREN

VDD

MUX
 2010 Microchip Technology Inc. DS40039F-page 43
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REGISTER 7-3: ANSEL — ANALOG SELECT REGISTER (ADRESS: 91h) (PIC16F676 ONLY)                          

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANS0

bit 7 bit 0

bit 7-0: ANS<7:0>: Analog Select between analog or digital function on pins AN<7:0>, respectively.
1 = Analog input. Pin is assigned as analog input.(1)

0 = Digital I/O. Pin is assigned to port or special function.
Note 1: Setting a pin to an analog input automatically disables the digital input circuitry, 

weak pull-ups, and interrupt-on-change if available. The corresponding TRIS bit 
must be set to Input mode in order to allow external control of the voltage on the pin.

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
DS40039F-page 48   2010 Microchip Technology Inc.
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8.1 EEADR 
The EEADR register can address up to a maximum of
128 bytes of data EEPROM. Only seven of the eight
bits in the register (EEADR<6:0>) are required. The
MSb (bit 7) is ignored.

The upper bit should always be ‘0’ to remain upward
compatible with devices that have more data EEPROM
memory.

8.2 EECON1 AND EECON2 
REGISTERS

EECON1 is the control register with four low order bits
physically implemented. The upper four bits are non-
implemented and read as ‘0’s.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion

of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit
is set when a write operation is interrupted by a MCLR
Reset, or a WDT Time-out Reset during normal
operation. In these situations, following Reset, the
user can check the WRERR bit, clear it, and rewrite
the location. The data and address will be cleared,
therefore, the EEDATA and EEADR registers will
need to be re-initialized.

The Interrupt flag bit EEIF in the PIR1 register is set
when the write is complete. This bit must be cleared in
software.

EECON2 is not a physical register. Reading EECON2
will read all ‘0’s. The EECON2 register is used
exclusively in the data EEPROM write sequence.

REGISTER 8-3: EECON1 — EEPROM CONTROL REGISTER (ADDRESS: 9Ch)                 
U-0 U-0 U-0 U-0 R/W-x R/W-0 R/S-0 R/S-0
— — — — WRERR WREN WR RD

bit 7 bit 0

bit 7-4 Unimplemented: Read as ‘0’
bit 3 WRERR: EEPROM Error Flag bit

1 =A write operation is prematurely terminated (any MCLR Reset, any WDT Reset during 
normal operation or BOD detect)

0 =The write operation completed
bit 2 WREN: EEPROM Write Enable bit

1 = Allows write cycles
0 = Inhibits write to the data EEPROM

bit 1 WR: Write Control bit
1 = Initiates a write cycle (The bit is cleared by hardware once write is complete. The WR bit 

can only be set, not cleared, in software.)
0 = Write cycle to the data EEPROM is complete

bit 0 RD: Read Control bit
1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit

can only be set, not cleared, in software.)
0 = Does not initiate an EEPROM read

Legend:
S = Bit can only be set

 

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
DS40039F-page 52   2010 Microchip Technology Inc.
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8.7 DATA EEPROM OPERATION 

DURING CODE-PROTECT
Data memory can be code-protected by programming
the CPD bit to ‘0’.

When the data memory is code-protected, the CPU is
able to read and write data to the data EEPROM. It is
recommended to code-protect the program memory
when code protecting data memory. This prevents
anyone from programming zeroes over the existing
code (which will execute as NOPs) to reach an added
routine, programmed in unused program memory,
which outputs the contents of data memory.
Programming unused locations to ‘0’ will also help
prevent data memory code protection from becoming
breached.

TABLE 8-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM   

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on 
POR, BOD

Value on all 
other 

Resets 

0Ch PIR1 EEIF ADIF — — CMIF — — TMR1IF 00-- 0--0 00-- 0--0

9Ah EEDATA EEPROM Data Register 0000 0000 0000 0000

9Bh EEADR — EEPROM Address Register -000 0000 -000 0000

9Ch EECON1 — — — — WRERR WREN WR RD ---- x000 ---- q000

9Dh EECON2(1) EEPROM Control Register 2 ---- ---- ---- ----

Legend: x = unknown, u = unchanged, – = unimplemented read as ‘0’, q = value depends upon condition. 
Shaded cells are not used by the data EEPROM module.

Note 1: EECON2 is not a physical register.
DS40039F-page 54   2010 Microchip Technology Inc.



PIC16F630/676

9.1 Configuration Bits
The Configuration bits can be programmed (read as
‘0’), or left unprogrammed (read as ‘1’) to select various
device configurations, as shown in Register 9-1. These
bits are mapped in program memory location 2007h.

REGISTER 9-1: CONFIG — CONFIGURATION WORD (ADDRESS: 2007h)          

Note: Address 2007h is  beyond the user program
memory space. It belongs to the special con-
figuration memory space (2000h-3FFFh),
which can be accessed only during program-
ming. See PIC16F630/676 Programming
Specification for more information.

R/P-1 R/P-1 U-0 U-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

BG1 BG0 — — — CPD CP BODEN MCLRE PWRTE WDTE F0SC2 F0SC1 F0SC0
bit 13 bit 0

bit 13-12 BG1:BG0: Bandgap Calibration bits for BOD and POR voltage(1)

00 = Lowest bandgap voltage
11 = Highest bandgap voltage

bit 11-9 Unimplemented: Read as ‘0’
bit 8 CPD: Data Code Protection bit(2)

1 = Data memory code protection is disabled
0 = Data memory code protection is enabled

bit 7 CP: Code Protection bit(3)

1 = Program Memory code protection is disabled
0 = Program Memory code protection is enabled

bit 6 BODEN: Brown-out Detect Enable bit(4)

1 = BOD enabled
0 = BOD disabled

bit 5 MCLRE: RA3/MCLR pin function select bit(5)

1 = RA3/MCLR pin function is MCLR 
0 = RA3/MCLR pin function is digital I/O, MCLR internally tied to VDD

bit 4 PWRTE: Power-up Timer Enable bit 
1 = PWRT disabled
0 = PWRT enabled

bit 3 WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled

bit 2-0 FOSC2:FOSC0: Oscillator Selection bits
111 = RC oscillator: CLKOUT function on RA4/OSC2/CLKOUT pin, RC on RA5/OSC1/CLKIN 
110 = RC oscillator: I/O function on RA4/OSC2/CLKOUT pin, RC on RA5/OSC1/CLKIN
101 = INTOSC oscillator: CLKOUT function on RA4/OSC2/CLKOUT pin, I/O function on RA5/OSC1/CLKIN
100 = INTOSC oscillator: I/O function on RA4/OSC2/CLKOUT pin, I/O function on RA5/OSC1/CLKIN
011 = EC: I/O function on RA4/OSC2/CLKOUT pin, CLKIN on RA5/OSC1/CLKIN
010 = HS oscillator: High speed crystal/resonator on RA4/OSC2/CLKOUT and RA5/OSC1/CLKIN
001 = XT oscillator: Crystal/resonator on RA4/OSC2/CLKOUT and RA5/OSC1/CLKIN
000 = LP oscillator: Low power crystal on RA4/OSC2/CLKOUT and RA5/OSC1/CLKIN

Note 1: The Bandgap Calibration bits are factory programmed and must be read and saved prior to erasing 
the device as specified in the PIC16F630/676 Programming Specification. These bits are reflected 
in an export of the Configuration Word. Microchip Development Tools maintain all calibration bits to 
factory settings.

2: The entire data EEPROM will be erased when the code protection is turned off.
3: The entire program memory will be erased, including OSCCAL value, when the code protection is 

turned off.
4: Enabling Brown-out Detect does not automatically enable Power-up Timer.
5: When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.

Legend:
P = Programmed using ICSP™

 

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
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FIGURE 9-12: WATCHDOG TIMER BLOCK DIAGRAM

TABLE 9-9: SUMMARY OF WATCHDOG TIMER REGISTERS

T0CKI

T0SE
pin

CLKOUT

TMR0 

Watchdog
Timer

WDT
Time-out

PS0 - PS2

WDTE

Data Bus

Set Flag bit T0IF
on Overflow

T0CS

Note 1: T0SE, T0CS, PSA, PS0-PS2 are bits in the OPTION register.

0

1

0

1

0

1

SYNC 2
Cycles

8

8

8-bit
Prescaler

0

1

(= FOSC/4)

PSA

PSA

PSA

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on 
POR, BOD

Value on all 
other 

Resets

81h OPTION_REG RAPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

2007h Config. bits CP BODEN MCLRE PWRTE WDTE F0SC2 F0SC1 F0SC0 uuuu uuuu uuuu uuuu

Legend: u = Unchanged, shaded cells are not used by the Watchdog Timer.
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9.7 Power-Down Mode (Sleep)
The Power-down mode is entered by executing a
SLEEP instruction. 

If the Watchdog Timer is enabled:

• WDT will be cleared but keeps running
• PD bit in the STATUS register is cleared
• TO bit is set
• Oscillator driver is turned off
• I/O ports maintain the status they had before 
SLEEP was executed (driving high, low, or 
high-impedance).

For lowest current consumption in this mode, all I/O
pins should be either at VDD, or VSS, with no external
circuitry drawing current from the I/O pin and the
comparators and CVREF should be disabled. I/O pins
that are high-impedance inputs should be pulled high
or low externally to avoid switching currents caused by
floating inputs. The T0CKI input should also be at VDD
or VSS for lowest current consumption. The
contribution from on-chip pull-ups on PORTA should be
considered.

The MCLR pin must be at a logic high level (VIHMC).

9.7.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin
2. Watchdog Timer Wake-up (if WDT was enabled)
3. Interrupt from RA2/INT pin, PORTA change, or

a peripheral interrupt.

The first event will cause a device Reset. The two latter
events are considered a continuation of program exe-
cution. The TO and PD bits in the STATUS register can
be used to determine the cause of device Reset. The
PD bit, which is set on power-up, is cleared when Sleep
is invoked. TO bit is cleared if WDT Wake-up occurred.

When the SLEEP instruction is being executed, the
next instruction (PC + 1) is pre-fetched. For the device
to wake-up through an interrupt event, the correspond-
ing interrupt enable bit must be set (enabled). Wake-up
is regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction, then branches to the interrupt
address (0004h). In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have an NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

FIGURE 9-13: WAKE-UP FROM SLEEP THROUGH INTERRUPT

Note: It should be noted that a Reset generated
by a WDT time-out does not drive MCLR
pin low.

Note: If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the correspond-
ing interrupt flag bits set, the device will
immediately wake-up from Sleep. The
SLEEP instruction is completely executed.

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
OSC1

CLKOUT(4)

INT pin
INTF flag

(INTCON<1>)

GIE bit
(INTCON<7>)

INSTRUCTION FLOW
PC

Instruction
Fetched
Instruction
Executed

PC PC+1 PC+2

Inst(PC) = Sleep

Inst(PC - 1)

Inst(PC + 1)

Sleep

Processor in
Sleep

Interrupt Latency
(Note 3)

Inst(PC + 2)

Inst(PC + 1)

Inst(0004h) Inst(0005h)

Inst(0004h)Dummy cycle

PC + 2 0004h 0005h

Dummy cycle

TOST(2)

PC+2

Note 1: XT, HS or LP Oscillator mode assumed.
2: TOST = 1024TOSC (drawing not to scale). Approximately 1 s delay for RC Oscillator mode. See Section 12 for wake-up from Sleep 

delay in INTOSC mode.
3: GIE = 1 assumed. In this case after wake-up, the processor jumps to the interrupt routine. If GIE = 0, execution will continue in-line.
4: CLKOUT is not available in XT, HS, LP or EC Osc modes, but shown here for timing reference.
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10.0 INSTRUCTION SET SUMMARY
The PIC16F630/676 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 10-1, while the
various opcode fields are summarized in Table 10-1.

Table 10-2 lists the instructions recognized by the
MPASMTM assembler. A complete description of each
instruction is also available in the PIC® Mid-Range Ref-
erence Manual (DS33023).

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 ‘f’ 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 normal
instruction execution time of 1 s. 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 ‘0xhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit. 

10.1 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
result of clearing the condition that set the RAIF flag.

TABLE 10-1: OPCODE FIELD 
DESCRIPTIONS  

FIGURE 10-1: GENERAL FORMAT FOR 
INSTRUCTIONS    

Note: To maintain upward compatibility with
future products, do not use the OPTION
and TRIS instructions.

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

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

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

PC Program Counter
TO Time-out bit
PD Power-down bit

Byte-oriented file register operations
13                          8     7    6                              0

d = 0 for destination W

OPCODE                 d              f (FILE #)

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

13                                  8    7                             0
OPCODE                              k (literal)

k = 8-bit immediate value

13                 11    10                                          0
OPCODE                        k (literal)

k = 11-bit immediate value

General

CALL and GOTO instructions only
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10.2 Instruction Descriptions 

ADDLW Add Literal and W

Syntax: [label]  ADDLW     k

Operands: 0  k  255

Operation: (W) + k  (W)

Status Affected: C, DC, Z

Description: The contents of the W register 
are added to the eight-bit literal ‘k’ 
and the result is placed in the W 
register.

ADDWF Add W and f

Syntax: [label]  ADDWF     f,d

Operands: 0  f  127
d 

Operation: (W) + (f)  (destination)

Status Affected: C, DC, Z

Description: Add 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’.

ANDLW AND Literal with W

Syntax: [label]  ANDLW     k

Operands: 0  k  255

Operation: (W) .AND. (k)  (W)

Status Affected: Z

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

ANDWF AND W with f

Syntax: [label]  ANDWF     f,d

Operands: 0  f  127
d 

Operation: (W) .AND. (f)  (destination)

Status Affected: Z

Description: AND 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’.

BCF Bit Clear f

Syntax: [label] BCF     f,b

Operands: 0  f  127
0  b  7

Operation: 0  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is cleared.

BSF Bit Set f

Syntax: [label] BSF    f,b

Operands: 0  f  127
0  b  7

Operation: 1  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is set.

BTFSS Bit Test f, Skip if Set

Syntax: [label] BTFSS   f,b

Operands: 0  f  127
0  b < 7

Operation: skip if (f<b>) = 1

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘0’, the next 
instruction is executed.
If bit ‘b’ is ‘1’, then the next instruc-
tion is discarded and a NOP is 
executed instead, making this a 
2-cycle instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label] BTFSC   f,b

Operands: 0  f  127
0  b  7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘1’, the next 
instruction is executed.
If bit ‘b’, in register ‘f’, is ‘0’, the 
next instruction is discarded, and 
a NOP is executed instead, making 
this a 2-cycle instruction.
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12.9 AC CHARACTERISTICS: PIC16F630/676 (INDUSTRIAL, EXTENDED)

FIGURE 12-5: EXTERNAL CLOCK TIMING

TABLE 12-1: EXTERNAL CLOCK TIMING REQUIREMENTS

Param
No. Sym Characteristic Min Typ† Max Units Conditions

FOSC External CLKIN Frequency(1) DC — 37 kHz LP Osc mode 
DC — 4 MHz XT mode
DC — 20 MHz HS mode
DC — 20 MHz EC mode

Oscillator Frequency(1) 5 — 37 kHz LP Osc mode
— 4 — MHz INTOSC mode
DC — 4 MHz RC Osc mode
0.1 — 4 MHz XT Osc mode
1 — 20 MHz HS Osc mode 

1 TOSC External CLKIN Period(1) 27 —  s LP Osc mode
50 —  ns HS Osc mode
50 —  ns EC Osc mode

250 —  ns XT Osc mode

Oscillator Period(1) 27 200 s LP Osc mode
— 250 — ns INTOSC mode

250 — — ns RC Osc mode
250 — 10,000 ns XT Osc mode
50 — 1,000 ns HS Osc mode

2 TCY Instruction Cycle Time(1) 200 TCY DC ns TCY = 4/FOSC                             
3 TosL,

TosH
External CLKIN (OSC1) High
External CLKIN Low

2* — — s LP oscillator, TOSC L/H duty cycle
20* — — ns HS oscillator, TOSC L/H duty cycle

100 * — — ns XT oscillator, TOSC L/H duty cycle
4 TosR,

TosF
External CLKIN Rise
External CLKIN Fall

— — 50* ns LP oscillator
— — 25* ns XT oscillator
— — 15* ns HS oscillator

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are 
based on characterization data for that particular oscillator type under standard operating conditions with the 
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or 
higher than expected current consumption. All devices are tested to operate at “min” values with an external 
clock applied to OSC1 pin. When an external clock input is used, the “max” cycle time limit is “DC” (no clock) 
for all devices.

OSC1

CLKOUT

Q4 Q1 Q2 Q3 Q4 Q1

1

2
3 3 4 4
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FIGURE 13-17: TYPICAL WDT PERIOD vs. VDD (-40C TO +125C)
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14.2 Package Details
The following sections give the technical details of the
packages.
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