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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC16F627A/628A/648A
TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION

Name Function Input Type Output Type Description

RA0/AN0 RA0 ST CMOS Bidirectional I/O port
AN0 AN — Analog comparator input

RA1/AN1 RA1 ST CMOS Bidirectional I/O port
AN1 AN — Analog comparator input

RA2/AN2/VREF RA2 ST CMOS Bidirectional I/O port
AN2 AN — Analog comparator input
VREF — AN VREF output

RA3/AN3/CMP1 RA3 ST CMOS Bidirectional I/O port
AN3 AN — Analog comparator input

CMP1 — CMOS Comparator 1 output
RA4/T0CKI/CMP2 RA4 ST OD Bidirectional I/O port

T0CKI ST — Timer0 clock input
CMP2 — OD Comparator 2 output

RA5/MCLR/VPP RA5 ST — Input port

MCLR ST — Master clear. When configured as MCLR, this 
pin is an active low Reset to the device. 
Voltage on MCLR/VPP must not exceed VDD 
during normal device operation.

VPP — — Programming voltage input
RA6/OSC2/CLKOUT RA6 ST CMOS Bidirectional I/O port

OSC2 — XTAL Oscillator crystal output. Connects to crystal 
or resonator in Crystal Oscillator mode.

CLKOUT — CMOS In RC/INTOSC mode, OSC2 pin can output 
CLKOUT, which has 1/4 the frequency of 
OSC1.

RA7/OSC1/CLKIN RA7 ST CMOS Bidirectional I/O port
OSC1 XTAL — Oscillator crystal input
CLKIN ST — External clock source input. RC biasing pin.

RB0/INT RB0 TTL CMOS Bidirectional I/O port. Can be software 
programmed for internal weak pull-up.

INT ST — External interrupt
RB1/RX/DT RB1 TTL CMOS Bidirectional I/O port. Can be software 

programmed for internal weak pull-up.
RX ST — USART receive pin
DT ST CMOS Synchronous data I/O

RB2/TX/CK RB2 TTL CMOS Bidirectional I/O port. Can be software 
programmed for internal weak pull-up.

TX — CMOS USART transmit pin
CK ST CMOS Synchronous clock I/O

RB3/CCP1 RB3 TTL CMOS Bidirectional I/O port. Can be software 
programmed for internal weak pull-up.

CCP1 ST CMOS Capture/Compare/PWM I/O
Legend:     O = Output CMOS = CMOS Output P = Power

   — = Not used I = Input ST = Schmitt Trigger Input
TTL = TTL Input OD = Open Drain Output AN = Analog
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PIC16F627A/628A/648A
RB4/PGM RB4 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. 
Can be software programmed for internal 
weak pull-up.

PGM ST — Low-voltage programming input pin. When 
low-voltage programming is enabled, the 
interrupt-on-pin change and weak pull-up 
resistor are disabled.

RB5 RB5 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. 
Can be software programmed for internal 
weak pull-up. 

RB6/T1OSO/T1CKI/PGC RB6 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. 
Can be software programmed for internal 
weak pull-up.

T1OSO — XTAL Timer1 oscillator output
T1CKI ST — Timer1 clock input
PGC ST —  ICSP™ programming clock

RB7/T1OSI/PGD RB7 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. 
Can be software programmed for internal 
weak pull-up.

T1OSI XTAL — Timer1 oscillator input
PGD ST CMOS ICSP data I/O

VSS VSS Power — Ground reference for logic and I/O pins
VDD VDD Power — Positive supply for logic and I/O pins

TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION (CONTINUED)

Name Function Input Type Output Type Description

Legend:     O = Output CMOS = CMOS Output P = Power
   — = Not used I = Input ST = Schmitt Trigger Input
TTL = TTL Input OD = Open Drain Output AN = Analog
DS40044G-page 14 © 2009 Microchip Technology Inc.



PIC16F627A/628A/648A

4.3 PCL and PCLATH
The Program Counter (PC) is 13-bits wide. The low
byte comes from the PCL register, which is a readable
and writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any Reset, the PC is cleared. Figure 4-4 shows the
two situations for loading the PC. The upper example
in Figure 4-4 shows how the PC is loaded on a write to
PCL (PCLATH<4:0> → PCH). The lower example in
Figure 4-4 shows how the PC is loaded during a CALL
or GOTO instruction (PCLATH<4:3> → PCH).

FIGURE 4-4: LOADING OF PC IN 
DIFFERENT SITUATIONS

4.3.1 COMPUTED GOTO
A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block). Refer to the
Application Note AN556 “Implementing a Table Read”
(DS00556).

4.3.2 STACK
The PIC16F627A/628A/648A family has an 8-level
deep x 13-bit wide hardware stack (Figure 4-1). The
stack space is not part of either program or data space
and the Stack Pointer is not readable or writable. The
PC is PUSHed onto the stack when a CALL instruction
is executed or an interrupt causes a branch. The stack
is POPed in the event of a RETURN, RETLW or a
RETFIE instruction execution. PCLATH is not affected
by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
PUSH overwrites the value that was stored from the
first PUSH. The tenth PUSH overwrites the second
PUSH (and so on). 

4.4 Indirect Addressing, INDF and 
FSR Registers   

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing. 

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the File Select
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no-operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 4-5. 

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-1.

EXAMPLE 4-1: INDIRECT ADDRESSING

PC

12 8 7 0

5
PCLATH<4:0>

PCLATH

Instruction with

ALU result

GOTO, CALL

Opcode <10:0>

8

PC

12 11 10 0

11PCLATH<4:3>

PCH PCL

8 7

2

PCLATH

PCH PCL

PCL as 
Destination

Note 1: There are no Status bits to indicate stack
overflow or stack underflow conditions. 

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an
interrupt address.

MOVLW 0x20 ;initialize pointer
MOVWF FSR ;to RAM

NEXT CLRF INDF ;clear INDF register
INCF FSR ;inc pointer
BTFSS FSR,4 ;all done?
GOTO NEXT ;no clear next

;yes continue
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9.1 Capture Mode
In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RB3/CCP1. An event is defined as:

• Every falling edge
• Every rising edge
• Every 4th rising edge
• Every 16th rising edge

An event is selected by control bits CCP1M<3:0>
(CCP1CON<3:0>). When a capture is made, the
interrupt request flag bit CCP1IF (PIR1<2>) is set. It
must be cleared in software. If another capture occurs
before the value in register CCPR1 is read, the old
captured value will be lost.

9.1.1 CCP PIN CONFIGURATION
In Capture mode, the RB3/CCP1 pin should be config-
ured as an input by setting the TRISB<3> bit.

FIGURE 9-1: CAPTURE MODE 
OPERATION BLOCK 
DIAGRAM

9.1.2 TIMER1 MODE SELECTION
Timer1 must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work. 

9.1.3 SOFTWARE INTERRUPT
When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in Operating mode.

9.1.4 CCP PRESCALER
There are four prescaler settings, specified by bits
CCP1M<3:0>. Whenever the CCP module is turned
off, or the CCP module is not in Capture mode, the
prescaler counter is cleared. This means that any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will not
be cleared, therefore the first capture may be from a
non-zero prescaler. Example 9-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

EXAMPLE 9-1: CHANGING BETWEEN 
CAPTURE PRESCALERS

9.2 Compare Mode
In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RB3/CCP1 pin is:

• Driven high
• Driven low
• Remains unchanged

The action on the pin is based on the value of control
bits CCP1M<3:0> (CCP1CON<3:0>). At the same
time, interrupt flag bit CCP1IF is set.

FIGURE 9-2: COMPARE MODE 
OPERATION BLOCK 
DIAGRAM

Note: If the RB3/CCP1 is configured as an
output, a write to the port can cause a
capture condition. 

CCPR1H CCPR1L

TMR1H TMR1L

Set flag bit CCP1IF
(PIR1<2>)

Capture
Enable

Q’s
CCP1CON<3:0>

RB3/CCP1

Prescaler
³ 1, 4, 16

and
edge detect

pin

CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT_PS;Load the W reg with

; the new prescaler
; mode value and CCP ON

MOVWF CCP1CON ;Load CCP1CON with this
; value

CCPR1H CCPR1L

TMR1H TMR1L

Comparator
Q S

R

Output
Logic

Set flag bit CCP1IF
(PIR1<2>)

matchRB3/CCP1

TRISB<3>
CCP1CON<3:0>
Mode Select

Output Enable

pin

Note: Special event trigger will reset Timer1, but not
set interrupt flag bit TMR1IF (PIR1<0>).
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FIGURE 12-5: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT

FIGURE 12-6: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST 

FIGURE 12-7: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST FOLLOWED BY 
VALID DATA BYTE

Start
bit bit 1bit 0 bit 8 bit 0Stop

bit

Start
bit bit 8 Stop

bit

RB1/RX/DT (Pin)

RCV Buffer Reg

RCV Shift Reg

Read RCV
Buffer Reg
RCREG

RCIF
(interrupt flag)

Word 1
RCREG

bit 8 = 0, Data Byte bit 8 = 1, Address Byte

       

ADEN = 1
(Address Match 
 Enable)

‘1’ ‘1’

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG
(Receive Buffer) because ADEN = 1 and bit 8 = 0.

Start
bit bit 1bit 0 bit 8 bit 0Stop

bit

Start
bit bit 8 Stop

bit

RB1/RX/DT (pin)

RCV Buffer Reg

RCV Shift Reg

Read RCV
Buffer Reg
RCREG

RCIF
(Interrupt Flag)

Word 1
RCREG

bit 8 = 1, Address Byte bit 8 = 0, Data Byte

ADEN = 1
(Address Match 
 Enable)

‘1’ ‘1’

Note: This timing diagram shows an address byte followed by an data byte. The data byte is not read into the RCREG
(receive buffer) because ADEN was not updated (still = 1) and bit 8 = 0.

Start
bit bit 1bit 0 bit 8 bit 0Stop

bit

Start
bit bit 8 Stop

bit

RB1/RX/DT (pin)

Reg
RCV Buffer Reg

RCV Shift

Read RCV
Buffer Reg
RCREG

RCIF
(Interrupt Flag)

Word 2
RCREG

bit 8 = 1, Address Byte bit 8 = 0, Data Byte

ADEN
(Address Match 
 Enable)

Word 1
RCREG

Note: This timing diagram shows an address byte followed by an data byte. The data byte is read into the RCREG
(Receive Buffer) because ADEN was updated after an address match, and was cleared to a ‘0’, so the contents
of the Receive Shift Register (RSR) are read into the Receive Buffer regardless of the value of bit 8.
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12.4 USART Synchronous Master 

Mode
In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is set in order to
configure the RB2/TX/CK and RB1/RX/DT I/O pins to
CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

12.4.1 USART SYNCHRONOUS MASTER 
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and
interrupt bit, TXIF (PIR1<4>) is set. The interrupt can
be enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR
register is empty. The TSR is not mapped in data
memory so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is
stable around the falling edge of the synchronous clock
(Figure 12-8). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 12-9). This is advantageous when slow
baud rates are selected, since the BRG is kept in Reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to high-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a high-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic however is not
reset although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting since bit TXEN is still set.
The DT line will immediately switch from high-imped-
ance Receive mode to transmit and start driving. To
avoid this, bit TXEN should be cleared. 

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Follow these steps when setting up a Synchronous
Master Transmission:

1. TRISB<1> and TRISB<2>  should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1 “USART Baud Rate
Generator (BRG)”).

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

4. If interrupts are desired, then set enable bit
TXIE.

5. If 9-bit transmission is desired, then set bit TX9.
6. Enable the transmission by setting bit TXEN.
7. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.
8. Start each transmission by loading data to the

TXREG register.
DS40044G-page 86 © 2009 Microchip Technology Inc.
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FIGURE 12-10: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

12.5 USART Synchronous Slave Mode
Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB2/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in Sleep mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

12.5.1 USART SYNCHRONOUS SLAVE 
TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical except in the case of the Sleep
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit. 

b) The second word will remain in TXREG register. 
c) Flag bit TXIF will not be set. 
d) When the first word has been shifted out of TSR,

the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set. 

e) If enable bit TXIE is set, the interrupt will wake
the chip from Sleep and if the global interrupt is
enabled, the program will branch to the interrupt
vector (0004h).

Follow these steps when setting up a Synchronous
Slave Transmission:

1. TRISB<1> and TRISB<2>  should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

3. Clear bits CREN and SREN.
4. If interrupts are desired, then set enable bit

TXIE.
5. If 9-bit transmission is desired, then set bit TX9.
6. Enable the transmission by setting enable bit

TXEN.
7. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.
8. Start transmission by loading data to the TXREG

register.

CREN bit

RB1/RX/DT pin

RB2/TX/CK pin

WRITE to
Bit SREN

SREN bit

RCIF bit
(Interrupt)

Read 
RXREG

Q3Q4Q1Q2Q3Q4Q1Q2Q3Q4Q2 Q1Q2Q3Q4Q1Q2Q3Q4 Q1Q2Q3Q4Q1Q2Q3 Q4Q1Q2Q3Q4Q1Q2Q3Q4Q1Q2Q3Q4

‘0’

bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7

‘0’

Q1Q2Q3Q4

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRG = 0.
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13.1 EEADR 
The PIC16F648A EEADR register addresses 256
bytes of data EEPROM. All eight bits in the register
(EEADR<7:0>) are required.

The PIC16F627A/628A EEADR register addresses
only the first 128 bytes of data EEPROM so only seven
of the eight bits in the register (EEADR<6:0>) are
required. The upper bit is address decoded. This
means that this bit should always be ‘0’ to ensure that
the address is in the 128 byte memory space. 

13.2 EECON1 and EECON2 Registers
EECON1 is the control register with four low order bits
physically implemented. The upper-four bits are non-
existent 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 and rewrite the location. The
data and address will be unchanged in the EEDATA
and EEADR registers.

Interrupt flag bit EEIF in the PIR1 register is set when
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 13-3: EECON1 – EEPROM CONTROL REGISTER 1 (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 BOR Reset)

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:
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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TABLE 15-2: PIC16F627A/628A/648A INSTRUCTION SET 

Mnemonic,
Operands Description Cycles

14-Bit Opcode Status
Affected Notes

MSb LSb

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF
ANDWF
CLRF
CLRW
COMF
DECF
DECFSZ
INCF
INCFSZ
IORWF
MOVF
MOVWF
NOP
RLF
RRF
SUBWF
SWAPF
XORWF

f, d
f, d

f
—
f, d
f, d
f, d
f, d
f, d
f, d
f, d

f
—
f, d
f, d
f, d
f, d
f, d

Add W and f
AND W with f
Clear f
Clear W
Complement f
Decrement f
Decrement f, Skip if 0
Increment f
Increment f, Skip if 0
Inclusive OR W with f
Move f
Move W to f
No Operation
Rotate Left f through Carry
Rotate Right f through Carry
Subtract W from f
Swap nibbles in f
Exclusive OR W with f

1
1
1
1
1
1

1(2)

1
1(2)

1
1
1
1
1
1
1
1
1

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0111
0101
0001
0001
1001
0011
1011
1010
1111
0100
1000
0000
0000
1101
1100
0010
1110
0110

dfff
dfff
lfff
0xxx
dfff
dfff
dfff
dfff
dfff
dfff
dfff
lfff
0xx0
dfff
dfff
dfff
dfff
dfff

ffff
ffff
ffff
xxxx
ffff
ffff
ffff
ffff
ffff
ffff
ffff
ffff
0000
ffff
ffff
ffff
ffff
ffff

C,DC,Z
Z
Z
Z
Z
Z

Z

Z
Z

C
C
C,DC,Z

Z

1, 2
1, 2
2

1, 2
1, 2

1, 2, 3
1, 2

1, 2, 3
1, 2
1, 2

1, 2
1, 2
1, 2
1, 2
1, 2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF
BSF
BTFSC
BTFSS

f, b
f, b
f, b
f, b

Bit Clear f
Bit Set f
Bit Test f, Skip if Clear
Bit Test f, Skip if Set

1
1

1(2)

1(2)

01
01
01
01

00bb
01bb
10bb
11bb

bfff
bfff
bfff
bfff

ffff
ffff
ffff
ffff

1, 2
1, 2
3
3

LITERAL AND CONTROL OPERATIONS

ADDLW
ANDLW
CALL
CLRWDT
GOTO
IORLW
MOVLW
RETFIE
RETLW
RETURN
SLEEP
SUBLW
XORLW

k
k
k
—
k
k
k
—
k
—
—
k
k

Add literal and W
AND literal with W
Call subroutine
Clear Watchdog Timer
Go to address
Inclusive OR literal with W
Move literal to W
Return from interrupt
Return with literal in W 
Return from Subroutine
Go into Standby mode
Subtract W from literal
Exclusive OR literal with W

1
1
2
1
2
1
1
2
2
2
1
1
1

11
11
10
00
10
11
11
00
11
00
00
11
11

111x
1001
0kkk
0000
1kkk
1000
00xx
0000
01xx
0000
0000
110x
1010

kkkk
kkkk
kkkk
0110
kkkk
kkkk
kkkk
0000
kkkk
0000
0110
kkkk
kkkk

kkkk
kkkk
kkkk
0100
kkkk
kkkk
kkkk
1001
kkkk
1000
0011
kkkk
kkkk

C,DC,Z
Z

TO,PD

Z

TO,PD
C,DC,Z
Z

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF PORTB, 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: If this instruction is executed on the TMR0 register (and, where applicable, d = 1), the prescaler will be cleared if assigned to the 
Timer0 Module.

3: If 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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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

Encoding: 01 11bb bfff ffff

Description: If bit ‘b’ in register ‘f’ is ‘1’, then 
the next instruction is skipped.
If bit ‘b’ is ‘1’, then the next 
instruction fetched during the 
current instruction execution, is 
discarded and a NOP is executed 
instead, making this a two-cycle 
instruction.

Words: 1

Cycles: 1(2)

Example HERE
FALSE
TRUE

BTFSS
GOTO
•
•
•

REG1
PROCESS_CODE

Before Instruction
PC = address HERE

After Instruction
if FLAG<1> = 0,
PC = address FALSE

if FLAG<1> = 1,
PC = address TRUE

CALL Call Subroutine

Syntax: [ label ]   CALL   k

Operands: 0 ≤ k ≤ 2047

Operation: (PC)+ 1→ TOS,
k → PC<10:0>,
(PCLATH<4:3>) → PC<12:11>

Status Affected: None

Encoding: 10 0kkk kkkk kkkk

Description: Call Subroutine. First, return 
address (PC + 1) is pushed onto 
the stack. The eleven bit imme-
diate address is loaded into PC 
bits <10:0>. The upper bits of 
the PC are loaded from 
PCLATH. CALL is a two-cycle 
instruction.

Words: 1

Cycles: 2

Example HERE CALL THERE

Before Instruction
PC = Address HERE

After Instruction
PC = Address THERE
TOS = Address HERE+1

CLRF Clear f

Syntax: [ label ]  CLRF    f

Operands: 0 ≤ f ≤ 127

Operation: 00h → (f)
1 → Z

Status Affected: Z

Encoding: 00 0001 1fff ffff

Description: The contents of register ‘f’ are 
cleared and the Z bit is set.

Words: 1

Cycles: 1

Example CLRF REG1

Before Instruction
REG1 = 0x5A

After Instruction
REG1 = 0x00
Z = 1
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IORLW Inclusive OR Literal with W

Syntax: [ label ]    IORLW   k

Operands: 0 ≤ k ≤ 255

Operation: (W) .OR. k → (W)

Status Affected: Z

Encoding: 11 1000 kkkk kkkk

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

Words: 1

Cycles: 1

Example IORLW 0x35

Before Instruction
W = 0x9A

After Instruction
W = 0xBF
Z = 0

IORWF Inclusive OR W with f

Syntax: [ label ]    IORWF    f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (W) .OR. (f) → (dest)

Status Affected: Z

Encoding: 00 0100 dfff ffff

Description: Inclusive OR the W register with 
register ‘f’. If ‘d’ is ‘0’, the result 
is placed in the W register. If ‘d’ 
is ‘1’, the result is placed back in 
register ‘f’.

Words: 1

Cycles: 1

Example IORWF REG1, 0

Before Instruction
REG1 = 0x13
W = 0x91

After Instruction
REG1 = 0x13
W = 0x93
Z = 1

MOVLW Move Literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → (W)

Status Affected: None

Encoding: 11 00xx kkkk kkkk

Description: The eight bit literal ‘k’ is loaded 
into W register. The “don’t 
cares” will assemble as ‘0’s.

Words: 1

Cycles: 1

Example MOVLW 0x5A

After Instruction
W = 0x5A

MOVF Move f

Syntax: [ label ]    MOVF   f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (f) → (dest)

Status Affected: Z

Encoding: 00 1000 dfff ffff

Description: The contents of register ‘f’ is 
moved to a destination 
dependent upon the status of 
‘d’. If d = 0, destination is W 
register. If d = 1, the destination 
is file register f itself. d = 1 is 
useful to test a file register since 
status flag Z is affected.

Words: 1

Cycles: 1

Example MOVF REG1, 0

After Instruction
W= value in REG1 register
Z = 1
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RETLW Return with Literal in W

Syntax: [ label ]    RETLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → (W); 
TOS → PC

Status Affected: None

Encoding: 11 01xx kkkk kkkk

Description: The W register is loaded with 
the eight-bit literal ‘k’. The 
program counter is loaded from 
the top of the stack (the return 
address). This is a two-cycle 
instruction.

Words: 1

Cycles: 2

Example

TABLE

CALL TABLE;W contains table
;offset value

• ;W now has table value
•
•
ADDWF PC;W = offset
RETLW k1;Begin table
RETLW k2;
•
•
•
RETLW kn; End of table

Before Instruction
W = 0x07

After Instruction
W = value of k8

RETURN Return from Subroutine

Syntax: [ label ]    RETURN

Operands: None

Operation: TOS → PC

Status Affected: None

Encoding: 00 0000 0000 1000

Description: Return from subroutine. The 
stack is POPed and the top of 
the stack (TOS) is loaded into 
the program counter. This is a 
two-cycle instruction.

Words: 1

Cycles: 2

Example RETURN

After Interrupt
PC = TOS

RLF Rotate Left f through Carry

Syntax: [ label ] RLF    f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: See description below

Status Affected: C

Encoding: 00 1101 dfff ffff

Description: The contents of register ‘f’ are 
rotated one bit to the left through 
the Carry Flag. If ‘d’ is ‘0’, the 
result is placed in the W register. 
If ‘d’ is ‘1’, the result is stored 
back in register ‘f’.

Words: 1

Cycles: 1

Example RLF REG1, 0

Before Instruction
REG1=1110 0110
C = 0

After Instruction
REG1=1110 0110
W = 1100 1100
C = 1

REGISTER FC
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XORLW Exclusive OR Literal with W

Syntax: [ label ] XORLW   k

Operands: 0 ≤ k ≤ 255

Operation: (W) .XOR. k → (W)

Status Affected: Z

Encoding: 11 1010 kkkk kkkk

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

Words: 1

Cycles: 1

Example: XORLW 0xAF

Before Instruction

W = 0xB5

After Instruction

W = 0x1A

XORWF Exclusive OR W with f

Syntax: [ label ] XORWF    f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (W) .XOR. (f) → (dest)

Status Affected: Z

Encoding: 00 0110 dfff ffff

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’.

Words: 1

Cycles: 1

Example XORWF REG1, 1

Before Instruction

REG1 = 0xAF
W = 0xB5

After Instruction

REG1 = 0x1A
W = 0xB5
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16.11 PICkit 2 Development 
Programmer/Debugger and 
PICkit 2 Debug Express

The PICkit™ 2 Development Programmer/Debugger is
a low-cost development tool with an easy to use inter-
face for programming and debugging Microchip’s Flash
families of microcontrollers. The full featured
Windows® programming interface supports baseline
(PIC10F, PIC12F5xx, PIC16F5xx), midrange
(PIC12F6xx, PIC16F), PIC18F, PIC24, dsPIC30,
dsPIC33, and PIC32 families of 8-bit, 16-bit, and 32-bit
microcontrollers, and many Microchip Serial EEPROM
products. With Microchip’s powerful MPLAB Integrated
Development Environment (IDE) the PICkit™ 2
enables in-circuit debugging on most PIC® microcon-
trollers. In-Circuit-Debugging runs, halts and single
steps the program while the PIC microcontroller is
embedded in the application. When halted at a break-
point, the file registers can be examined and modified. 

The PICkit 2 Debug Express include the PICkit 2, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.

16.12 MPLAB PM3 Device Programmer
The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an MMC card for file
storage and data applications.

16.13 Demonstration/Development 
Boards, Evaluation Kits, and 
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®

evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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17.1 DC Characteristics: PIC16F627A/628A/648A (Industrial, Extended)

PIC16LF627A/628A/648A (Industrial)

PIC16LF627A/628A/648A
(Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ Ta ≤ +85°C for industrial 

PIC16F627A/628A/648A
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ Ta ≤ +85°C for industrial and 

-40°C ≤ Ta ≤ +125°C for extended

Param
No. Sym Characteristic/Device Min Typ† Max Units Conditions

VDD Supply Voltage
D001 PIC16LF627A/628A/648A 2.0 — 5.5 V

PIC16F627A/628A/648A 3.0 — 5.5 V
D002 VDR RAM Data Retention 

Voltage(1)
— 1.5* — V Device in Sleep mode

D003 VPOR VDD Start Voltage 
to ensure Power-on Reset

— VSS — V See Section 14.4 “Power-
on Reset (POR), Power-up 
Timer (PWRT), Oscillator 
Start-up Timer (OST) and 
Brown-out Reset 
(BOR)”on Power-on Reset 
for details

D004 SVDD VDD Rise Rate 
to ensure Power-on Reset

0.05* — — V/ms See Section 14.4 “Power-
on Reset (POR), Power-up 
Timer (PWRT), Oscillator 
Start-up Timer (OST) and 
Brown-out Reset (BOR)” 
on Power-on Reset for 
details

D005 VBOR Brown-out Reset Voltage 3.65

3.65

4.0

4.0

4.35

4.4

V

V

BOREN configuration bit is 
set
BOREN configuration bit is 
set, Extended

Legend:  Rows with standard voltage device data only are shaded for improved readability.

* These parameters are characterized but not tested.

† Data in “Typ” column is at 5.0V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.
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TABLE 17-5:  PRECISION INTERNAL OSCILLATOR PARAMETERS 

Legend: TBD = To Be Determined.
* Characterized but not tested.

FIGURE 17-5: CLKOUT AND I/O TIMING

Parameter 
No. Sym Characteristic Min Typ Max Units Conditions

F10 FIOSC Oscillator Center frequency — 4 — MHz

F13 ΔIOSC Oscillator Accuracy 3.96 4 4.04 MHz VDD = 3.5 V, 25°C
3.92 4 4.08 MHz 2.0V ≤ VDD ≤ 5.5V

0°C ≤ TA ≤ +85°C
3.80 4 4.20 MHz 2.0V ≤ VDD ≤ 5.5V

-40°C ≤ TA ≤ +85°C (IND)
-40°C ≤ TA ≤ +125°C (EXT)

F14* TIOSCST Oscillator Wake-up from Sleep 
start-up time

— 6 8 μs VDD = 2.0V, -40°C to +85°C
— 4 6 μs VDD = 3.0V, -40°C to +85°C
— 3 5 μs VDD = 5.0V, -40°C to +85°C

OSC1

CLKOUT

I/O Pin
(input)

I/O Pin
(output)

Q4 Q1 Q2 Q3

10

13

14

17

20, 21

22
23

19 18

15

11

12

16

Old Value New Value
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APPENDIX A: DATA SHEET 
REVISION HISTORY

Revision A
This is a new data sheet.

Revision B
Revised 28-Pin QFN Pin Diagram
Revised Figure 5-4 Block Diagram
Revised Register 7-1 TMR1ON
Revised Example 13-4 Data EEPROM Refresh Routine
Revised Instruction Set SUBWF, Example 1
Revised DC Characteristics 17-2 and 17-3
Revised Tables 17-4 and 17-6
Corrected Table and Figure numbering in Section 17.0

Revision C
General revisions throughout. Revisions to Section
14.0 – Special Features of the CPU. Section 18,
modified graphs.

Revision D
Revise Example 13-2, Data EEPROM Write
Revise Sections 17.2, Param No. D020 and 17.3,
Param No. D020E
Revise Section 18.0 graphs

Revision E
Section 19.0 Packaging Information: Replaced
package drawings and added note.

Revision F (03/2007)
Replaced Package Drawings (Rev. AM); Replaced
Development Support Section; Revised Product ID
System.

Revision G (10/2009)
Corrected 28-lead QFN Package in Section 19.1.

APPENDIX B: DEVICE 
DIFFERENCES

The differences between the PIC16F627A/628A/648A
devices listed in this data sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES   

Device
 Memory

Flash 
Program

RAM 
Data

EEPROM 
Data

PIC16F627A 1024 x 14 224 x 8 128 x 8
PIC16F628A 2048 x 14 224 x 8 128 x 8
PIC16F648A 4096 x 14 256 x 8 256 x 8
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THE MICROCHIP WEB SITE
Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

• Product Support – Data sheets and errata, 
application notes and sample programs, design 
resources, user’s guides and hardware support 
documents, latest software releases and archived 
software

• General Technical Support – Frequently Asked 
Questions (FAQ), technical support requests, 
online discussion groups, Microchip consultant 
program member listing

• Business of Microchip – Product selector and 
ordering guides, latest Microchip press releases, 
listing of seminars and events, listings of 
Microchip sales offices, distributors and factory 
representatives

CUSTOMER CHANGE NOTIFICATION 
SERVICE
Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT
Users of Microchip products can receive assistance
through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support
• Development Systems Information Line

Customers should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help
customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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READER RESPONSE
It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct.  If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

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

To: Technical Publications Manager

RE: Reader Response
Total Pages Sent ________

From: Name

Company
Address
City / State / ZIP / Country

Telephone: (_______) _________ - _________

Application (optional):

Would you like a reply?       Y         N

Device: Literature Number: 

Questions:

FAX: (______) _________ - _________

DS40044GPIC16F627A/628A/648A

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

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

5. What deletions from the document could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PIC16F627A/628A/648A

PRODUCT IDENTIFICATION SYSTEM 
To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X /XX XXX

PatternPackageTemperature
Range

Device

   

Device: PIC16F627A/628A/648A:Standard VDD range 3.0V to 
5.5V
PIC16F627A/628A/648AT:VDD range 3.0V to 5.5V 
(Tape and Reel)
PIC16LF627A/628A/648A:VDD range 2.0V to 5.5V
PIC16LF627A/628A/648AT:VDD range 2.0V to 5.5V 
(Tape and Reel)

Temperature 
Range:

I =  -40°C to +85°C
E = -40°C to+125°C

Package: P = PDIP
SO = SOIC (Gull Wing, 7.50 mm body)
SS = SSOP (5.30 mm
ML = QFN (28 Lead)

Examples:

a) PIC16F627A - E/P 301 = Extended
Temp.,
PDIP package, 20 MHz, normal VDD lim-
its, QTP pattern #301.

b) PIC16LF627A - I/SO = Industrial Temp.,
SOIC package, 20 MHz, extended VDD
limits.


