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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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PIC16F627A/628A/648A
18-pin Flash-Based, 8-Bit CMOS Microcontrollers

 with nanoWatt Technology
High-Performance RISC CPU:
• Operating speeds from DC – 20 MHz
• Interrupt capability
• 8-level deep hardware stack
• Direct, Indirect and Relative Addressing modes
• 35 single-word instructions:

- All instructions single cycle except branches

Special Microcontroller Features:
• Internal and external oscillator options:

- Precision internal 4 MHz oscillator factory 
calibrated to ±1%

- Low-power internal 48 kHz oscillator
- External Oscillator support for crystals and 

resonators
• Power-saving Sleep mode
• Programmable weak pull-ups on PORTB
• Multiplexed Master Clear/Input-pin
• Watchdog Timer with independent oscillator for 

reliable operation
• Low-voltage programming
• In-Circuit Serial Programming™ (via two pins)
• Programmable code protection
• Brown-out Reset
• Power-on Reset
• Power-up Timer and Oscillator Start-up Timer 
• Wide operating voltage range (2.0-5.5V)
• Industrial and extended temperature range
• High-Endurance Flash/EEPROM cell:

- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- 40 year data retention

Low-Power Features:
• Standby Current:

- 100 nA @ 2.0V, typical
• Operating Current:

- 12 μA @ 32 kHz, 2.0V, typical
- 120 μA @ 1 MHz, 2.0V, typical

• Watchdog Timer Current:
- 1 μA @ 2.0V, typical

• Timer1 Oscillator Current:
- 1.2 μA @ 32 kHz, 2.0V, typical

• Dual-speed Internal Oscillator:
- Run-time selectable between 4 MHz and 

48 kHz
- 4 μs wake-up from Sleep, 3.0V, typical

Peripheral Features:
• 16 I/O pins with individual direction control
• High current sink/source for direct LED drive
• Analog comparator module with:

- Two analog comparators
- Programmable on-chip voltage reference 

(VREF) module
- Selectable internal or external reference
- Comparator outputs are externally accessible

• Timer0: 8-bit timer/counter with 8-bit 
programmable prescaler

• Timer1: 16-bit timer/counter with external crystal/
clock capability

• Timer2: 8-bit timer/counter with 8-bit period 
register, prescaler and postscaler

• Capture, Compare, PWM module:
- 16-bit Capture/Compare
- 10-bit PWM

• Addressable Universal Synchronous/Asynchronous 
Receiver/Transmitter USART/SCI

Device

Program 
Memory Data Memory

I/O CCP
(PWM) USART Comparators Timers

8/16-bitFlash
(words)

 SRAM 
(bytes)

EEPROM 
(bytes)

PIC16F627A 1024 224 128 16 1 Y 2 2/1
PIC16F628A 2048 224 128 16 1 Y 2 2/1
PIC16F648A 4096 256 256 16 1 Y 2 2/1
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PIC16F627A/628A/648A
3.0 ARCHITECTURAL OVERVIEW
The high performance of the PIC16F627A/628A/648A
family can be attributed to a number of architectural
features commonly found in RISC microprocessors. To
begin with, the PIC16F627A/628A/648A uses a
Harvard architecture in which program and data are
accessed from separate memories using separate
busses. This improves bandwidth over traditional Von
Neumann architecture where program and data are
fetched from the same memory. Separating program
and data memory further allows instructions to be sized
differently than 8-bit wide data word. Instruction
opcodes are 14-bits wide making it possible to have all
single-word instructions. A 14-bit wide program mem-
ory access bus fetches a 14-bit instruction in a single
cycle. A two-stage pipeline overlaps fetch and execu-
tion of instructions. Consequently, all instructions (35)
execute in a single-cycle (200 ns @ 20 MHz) except for
program branches. 

Table 3-1 lists device memory sizes (Flash, Data and
EEPROM).

TABLE 3-1: DEVICE MEMORY LIST  

The PIC16F627A/628A/648A can directly or indirectly
address its register files or data memory. All Special
Function Registers (SFR), including the program
counter, are mapped in the data memory. The
PIC16F627A/628A/648A have an orthogonal (symmet-
rical) instruction set that makes it possible to carry out
any operation, on any register, using any addressing
mode. This symmetrical nature and lack of ‘special
optimal situations’ makes programming with the
PIC16F627A/628A/648A simple yet efficient. In
addition, the learning curve is reduced significantly.

The PIC16F627A/628A/648A devices contain an 8-bit
ALU and working register. The ALU is a general
purpose arithmetic unit. It performs arithmetic and
Boolean functions between data in the working register
and any register file.

The ALU is 8-bits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two’s
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the Status Register. The C and DC bits
operate as Borrow and Digit Borrow out bits,
respectively, in subtraction. See the SUBLW and SUBWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, and
a description of the device pins in Table 3-2.

Two types of data memory are provided on the
PIC16F627A/628A/648A devices. Nonvolatile
EEPROM data memory is provided for long term
storage of data, such as calibration values, look-up
table data, and any other data which may require
periodic updating in the field. These data types are not
lost when power is removed. The other data memory
provided is regular RAM data memory. Regular RAM
data memory is provided for temporary storage of data
during normal operation. Data is lost when power is
removed.

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
PIC16LF627A 1024 x 14 224 x 8 128 x 8
PIC16LF628A 2048 x 14 224 x 8 128 x 8
PIC16LF648A 4096 x 14 256 x 8 256 x 8
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PIC16F627A/628A/648A

5.2 PORTB and TRISB Registers
PORTB is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISB. A ‘1’ in
the TRISB register puts the corresponding output driver
in a High-impedance mode. A ‘0’ in the TRISB register
puts the contents of the output latch on the selected
pin(s).

PORTB is multiplexed with the external interrupt,
USART, CCP module and the TMR1 clock input/output.
The standard port functions and the alternate port
functions are shown in Table 5-3. Alternate port
functions may override the TRIS setting when enabled.

Reading PORTB register reads the status of the pins,
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. So a write
to a port implies that the port pins are first read, then
this value is modified and written to the port data latch.

Each of the PORTB pins has a weak internal pull-up
(≈200 μA typical). A single control bit can turn on all the
pull-ups. This is done by clearing the RBPU
(OPTION<7>) bit. The weak pull-up is automatically
turned off when the port pin is configured as an output.
The pull-ups are disabled on Power-on Reset.

Four of PORTB’s pins, RB<7:4>, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB<7:4>)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB<7:4>
are OR’ed together to generate the RBIF interrupt (flag
latched in INTCON<0>). 

This interrupt can wake the device from Sleep. The
user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

This interrupt on mismatch feature, together with
software configurable pull-ups on these four pins allow
easy interface to a key pad and make it possible for
wake-up on key-depression (See Application Note
AN552 “Implementing Wake-up on Key Strokes”
(DS00552).

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

FIGURE 5-8: BLOCK DIAGRAM OF 
RB0/INT PIN 

Note: If a change on the I/O pin should occur
when a read operation is being executed
(start of the Q2 cycle), then the RBIF
interrupt flag may not get set.

Data Bus

WR PORTB

WR TRISB

RD PORTB

Data Latch

TRIS Latch

RB0/INT

INT 

QD

CK

EN

Q D

EN

RD TRISB

RBPU
P

VDD

VDD

VSS

Q

QD

CK Q

Weak Pull-up

Schmitt 

TTL
Input
Buffer

Trigger
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PIC16F627A/628A/648A

5.3 I/O Programming Considerations

5.3.1 BIDIRECTIONAL I/O PORTS
Any instruction that writes operates internally as a read
followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result
back to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit 5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bit 5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bidirectional I/O pin
(e.g., bit 0) and is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and rewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the Input mode, no problem occurs. However,
if bit 0 is switched into Output mode later on, the
content of the data latch may now be unknown.

Reading a port register reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read-modify-write instructions
(ex. BCF, BSF, etc.) on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch. 

Example 5-2 shows the effect of two sequential read-
modify-write instructions (ex., BCF, BSF, etc.) on an
I/O port.

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-OR”, “wired-
AND”). The resulting high output currents may damage
the chip.

EXAMPLE 5-2: READ-MODIFY-WRITE 
INSTRUCTIONS ON AN
I/O PORT

5.3.2 SUCCESSIVE OPERATIONS ON I/O 
PORTS

The actual write to an I/O port happens at the end of
an instruction cycle, whereas for reading, the data
must be valid at the beginning of the instruction cycle
(Figure 5-16). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same I/O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load
dependent) before the next instruction, which causes
that file to be read into the CPU, is executed. Other-
wise, the previous state of that pin may be read into
the CPU rather than the new state. When in doubt, it
is better to separate these instructions with a NOP or
another instruction not accessing this I/O port.

FIGURE 5-16: SUCCESSIVE I/O OPERATION

;Initial PORT settings:PORTB<7:4> Inputs
; PORTB<3:0> Outputs
;PORTB<7:6> have external pull-up and are
;not connected to other circuitry
;
; PORT latchPORT Pins

---------- ----------
BCF STATUS, RP0 ;
BCF PORTB, 7 ;01pp pppp 11pp pppp
BSF STATUS, RP0 ;
BCF TRISB, 7 ;10pp pppp 11pp pppp
BCF TRISB, 6 ;10pp pppp 10pp pppp

;
;Note that the user may have expected the
;pin values to be 00pp pppp. The 2nd BCF
;caused RB7 to be latched as the pin value
;(High).

Q1 Q2 Q3 Q4

PC
Instruction

fetched

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

PC + 1PC PC + 2 PC + 3
MOVWF PORTB
Write to PORTB

MOVF PORTB, W
Read to PORTB

NOP NOP

TPD
Execute
MOVWF
PORTB

Execute
MOVF
PORTB, W

Port pin
sampled here

Execute
NOP

Note 1: This example shows write to PORTB followed by a read from PORTB.
2: Data setup time = (0.25 TCY - TPD) where TCY = instruction cycle and TPD = propagation delay of Q1 cycle 

to output valid. Therefore, at higher clock frequencies, a write followed by a read may be problematic.
DS40044G-page 46 © 2009 Microchip Technology Inc.
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10.1 Comparator Configuration
There are eight modes of operation for the
comparators. The CMCON register is used to select
the mode. Figure 10-1 shows the eight possible
modes. The TRISA register controls the data direction
of the comparator pins for each mode. 

If the Comparator mode is changed, the comparator
output level may not be valid for the specified mode
change delay shown in Table 17-2. 

FIGURE 10-1: COMPARATOR I/O OPERATING MODES

Note 1: Comparator interrupts should be disabled
during a Comparator mode change,
otherwise a false interrupt may occur.

2: Comparators can have an inverted
output. See Figure 10-1.

C1
RA0/AN0 VIN-

VIN+RA3/AN3/CMP1

Comparators Reset   (POR Default Value)

A

A
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C2
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A

A
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A

A
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A

A
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Two Common Reference Comparators

A

D

CM<2:0> = 011

C2
RA1/AN1 VIN-

VIN+RA2/AN2/VREF

A

A

C1
RA0/AN0 VIN-

VIN+RA3/AN3/CMP1
Off (Read as ‘0’)

One Independent Comparator

D

D

CM<2:0> = 101

C2
RA1/AN1 VIN-

VIN+RA2/AN2/VREF

A

A

C1

VIN-

VIN+ Off (Read as ‘0’)

Comparators Off

D

D

CM<2:0> = 111

C2

VIN-

VIN+ Off (Read as ‘0’)

D

D

C1

RA0/AN0 VIN-

VIN+RA3/AN3/CMP1

Four Inputs Multiplexed to Two Comparators

A

A

CM<2:0> = 010

C2

RA1/AN1 VIN-

VIN+RA2/AN2/VREF

A

A

From VREF 

CIS = 0
CIS = 1

CIS = 0
CIS = 1

C1
RA0/AN0 VIN-

VIN+RA3/AN3/CMP1

Two Common Reference Comparators with Outputs

A

D

CM<2:0> = 110

C2
RA1/AN1 VIN-

VIN+RA2/AN2/VREF

A

A

Open Drain

A = Analog Input, port reads zeros always. D = Digital Input. CIS (CMCON<3>) is the Comparator Input Switch.

RA4/T0CKI/CMP2

C1

RA0/AN0 VIN-

VIN+RA3/AN3/CMP1

Three Inputs Multiplexed to Two Comparators

A

A

CM<2:0> = 001

C2
RA1/AN1 VIN-

VIN+RA2/AN2/VREF

A

A

CIS = 0
CIS = 1

VSS

VSS

RA0/AN0

RA3/AN3/CMP1

RA1/AN1

RA2/AN2/VREF

Module

C1VOUT

C2VOUT

C1VOUT

C2VOUT

Off (Read as ‘0’)

Off (Read as ‘0’)

C2VOUT

C1VOUT

C2VOUT

C1VOUT

C2VOUT

C1VOUT

C2VOUT
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12.2.2 USART ASYNCHRONOUS 

RECEIVER
The receiver block diagram is shown in Figure 12-4.
The data is received on the RB1/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter
operates at the bit rate or at FOSC. 

When Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (serial) Shift
Register (RSR). After sampling the Stop bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit, which is
cleared by the hardware. It is cleared when the RCREG
register has been read and is empty. The RCREG is a

double buffered register (i.e., it is a two-deep FIFO). It
is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte begin
shifting to the RSR register. On the detection of the
Stop bit of the third byte, if the RCREG register is still
full, then overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in
the FIFO. Overrun bit OERR has to be cleared in soft-
ware. This is done by resetting the receive logic (CREN
is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited, so it is essential to clear error bit OERR if it is set.
Framing error bit FERR (RCSTA<2>) is set if a Stop bit
is detected as clear. Bit FERR and the 9th receive bit
are buffered the same way as the receive data. Read-
ing the RCREG, will load bits RX9D and FERR with
new values, therefore it is essential for the user to read
the RCSTA register before reading RCREG register in
order not to lose the old FERR and RX9D information. 

FIGURE 12-4: USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

SPBRG

Baud Rate Generator

RB1/RX/DT
Pin Buffer
and Control

SPEN

Data
Recovery

CREN
OERR FERR

RSR registerMSb LSb

RX9D RCREG register
FIFO

Interrupt RCIF

RCIE
Data Bus

8

÷ 64

÷ 16
or

Stop Start(8) 7 1 0

RX9

•  •  •

RX9
ADEN

RX9
ADEN

RSR<8>

Enable
Load of

Receive
Buffer

8

8

RCREG registerRX9D
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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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12.4.2 USART SYNCHRONOUS MASTER 

RECEPTION
Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN
(RCSTA<5>) or enable bit CREN (RCSTA<4>). Data is
sampled on the RB1/RX/DT pin on the falling edge of
the clock. If enable bit SREN is set, then only a single
word is received. If enable bit CREN is set, the recep-
tion is continuous until CREN is cleared. If both bits are
set, then CREN takes precedence. After clocking the
last bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt flag bit
RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit which is
reset by the hardware. In this case, it is reset when the
RCREG register has been read and is empty. The
RCREG is a double buffered register (i.e., it is a two-
deep FIFO). It is possible for two bytes of data to be
received and transferred to the RCREG FIFO and a
third byte to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full, then overrun error bit OERR
(RCSTA<1>) is set. The word in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th
receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information. 

Follow these steps when setting up a Synchronous
Master Reception:

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. Ensure bits CREN and SREN are clear.
5. If interrupts are desired, then set enable bit

RCIE.
6. If 9-bit reception is desired, then set bit RX9.
7. If a single reception is required, set bit SREN.

For continuous reception, set bit CREN.
8. Interrupt flag bit RCIF will be set when reception

is complete and an interrupt will be generated if
enable bit RCIE was set.

9. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

10. Read the 8-bit received data by reading the
RCREG register.

11. If an OERR error occurred, clear the error by
clearing bit CREN.

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

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

Value on all 
other Resets

0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF TMR2IF TMR1IF 0000 -000 0000 -000

18h RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 000x 0000 000x

1Ah RCREG USART Receive Data Register 0000 0000 0000 0000

8Ch PIE1 EPIE CMIE RCIE TXIE — CCP1IE TMR2IE TMR1IE -000 0000 -000 -000

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 0000 -010

99h SPBRG Baud Rate Generator Register 0000 0000 0000 0000

Legend:  x = unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous master reception.
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15.0 INSTRUCTION SET SUMMARY
Each PIC16F627A/628A/648A 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
PIC16F627A/628A/648A instruction set summary in
Table 15-2 lists byte-oriented, bit-oriented, and
literal and control operations. Table 15-1 shows the
opcode field descriptions.

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 number of the bit affected
by the operation, while ‘f’ represents the number of the
file in which the bit is located.

For literal and control operations, ‘k’ represents an
eight or eleven bit constant or literal value.

15.1 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 PORTB” instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tended result that the condition that sets the RBIF flag
would be cleared for pins configured as inputs and
using the PORTB interrupt-on-change feature.

TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS  

The instruction set is highly orthogonal and is grouped
into three basic categories:

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

All instructions are executed within one single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of an
instruction. In this case, the execution takes two
instruction cycles with the second cycle executed as a
NOP. One instruction cycle consists of four oscillator
periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time is 1 μs. If a
conditional test is true or the program counter is
changed as a result of an instruction, the instruction
execution time is 2 μs.

Table 15-2 lists the instructions recognized by the
MPASM™ assembler. 

Figure 15-1 shows the three general formats that the
instructions can have.     

All examples use the following format to represent a
hexadecimal number:

0xhh

where ‘h’ signifies a hexadecimal digit. 

FIGURE 15-1: GENERAL FORMAT FOR 
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

TO Time-out bit

PD Power-down bit

Note 1: Any unused opcode is reserved. Use of
any reserved opcode may cause unex-
pected operation.

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

Byte-oriented file register operations

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

OPCODE              b (BIT #)            f (FILE #)

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

Literal and control operations

OPCODE                              k (literal)

k  = 8-bit immediate value

OPCODE                        k (literal)

k  = 11-bit immediate value

General

CALL and GOTO instructions only

13 8 7 6 0

13 10 9 7 06

13 8 7 0

13 11 10 0
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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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SUBWF Subtract W from f

Syntax: [ label ] SUBWF   f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (f) - (W) → (dest)

Status 
Affected:

C, DC, Z

Encoding: 00 0010 dfff ffff

Description: Subtract (2’s complement method) 
W register from 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 1: SUBWF REG1, 1

Before Instruction

REG1 = 3
W = 2
C = ?

After Instruction

REG1 = 1
W = 2
C = 1; result is positive
DC = 1
Z = 0

Example 2: Before Instruction

REG1 = 2
W = 2
C = ?

After Instruction

REG1 = 0
W = 2
C = 1; result is zero
Z = DC = 1

Example 3: Before Instruction

REG1 = 1
W = 2
C = ?

After Instruction

REG1 = 0xFF
W = 2
C = 0; result is negative
Z = DC = 0

SWAPF Swap Nibbles in f

Syntax: [ label ] SWAPF  f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (f<3:0>) → (dest<7:4>),
(f<7:4>) → (dest<3:0>)

Status Affected: None

Encoding: 00 1110 dfff ffff

Description: The upper and lower nibbles of 
register ‘f’ are exchanged. If ‘d’ is 
‘0’, the result is placed in W 
register. If ‘d’ is ‘1’, the result is 
placed in register ‘f’.

Words: 1

Cycles: 1

Example SWAPF REG1, 0

Before Instruction

REG1 = 0xA5

After Instruction

REG1 = 0xA5
W = 0x5A

TRIS Load TRIS Register
Syntax: [ label ] TRIS f
Operands: 5 ≤ f ≤ 7
Operation: (W) → TRIS register f;
Status Affected: None
Encoding: 00 0000 0110 0fff

Description: The instruction is supported for 
code compatibility with the 
PIC16C5X products. Since TRIS 
registers are readable and 
writable, the user can directly 
address them. 

Words: 1
Cycles: 1
Example

To maintain upward compatibil-
ity with future PIC® MCU 
products, do not use this 
instruction.
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17.5 Timing Parameter Symbology
The timing parameter symbols have been created with one of the following formats:

FIGURE 17-3: LOAD CONDITIONS

1. TppS2ppS
2. TppS
T

F Frequency T Time
Lowercase subscripts (pp) and their meanings:
pp

ck CLKOUT osc OSC1
io I/O port t0 T0CKI
mc MCLR

Uppercase letters and their meanings:
S

F Fall P Period
H High R Rise
I Invalid (High-impedance) V Valid
L Low Z High-Impedance

VDD/2

CL

RL

Pin Pin

VSS VSS

CL

RL = 464Ω

CL = 50 pF for all pins except OSC2

15 pF for OSC2 output

Load Condition 1 Load Condition 2
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FIGURE 17-7: BROWN-OUT RESET TIMING

TABLE 17-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS

FIGURE 17-8: TIMER0 AND TIMER1 EXTERNAL CLOCK TIMINGS

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

30 TMCL MCLR Pulse Width (low)               2000 — — ns VDD = 5V, -40°C to +85°C
31 TWDT Watchdog Timer Time out Period 

(No Prescaler)
7* 18 33* ms VDD = 5V, -40°C to +85°C

32 TOST Oscillation Start-up Timer Period — 1024 TOSC — — TOSC = OSC1 period
33 TPWRT Power-up Timer Period 28* 72 132* ms VDD = 5V, -40°C to +85°C

34 TIOZ I/O High-impedance from MCLR 
Low or Watchdog Timer Reset

— — 2.0* μs

35 TBOR Brown-out Reset pulse width 100* — — μs VDD ≤ VBOR (D005)
Legend: TBD = To Be Determined.

* 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.

VDD VBOR

35

46

47

45

48

41

42

40

RA4/T0CKI/CMP2

RB6/T1OSO/T1CKI/PGC

TMR0 OR
TMR1
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TABLE 17-8: TIMER0 AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Param 

No. Sym Characteristic Min Typ† Max Units Conditions

40 TT0H T0CKI High Pulse Width No Prescaler 0.5TCY + 20* — — ns
With Prescaler 10* — — ns  

41 TT0L T0CKI Low Pulse Width No Prescaler 0.5TCY + 20* — — ns  
With Prescaler 10* — — ns  

42 TT0P T0CKI Period
20 or

Greater of:
  TCY + 40*

N

— — ns N = prescale 
value (2, 4, 
..., 256)

45 TT1H T1CKI High 
Time

Synchronous, No Prescaler 0.5TCY + 20* — — ns  
Synchronous, 
with Prescaler

PIC16F62XA 15* — — ns  
PIC16LF62XA 25* — — ns  

Asynchronous PIC16F62XA 30* — — ns  
PIC16LF62XA 50* — — ns  

46 TT1L T1CKI Low 
Time

Synchronous, No Prescaler 0.5TCY + 20* — — ns  
Synchronous, 
with Prescaler

PIC16F62XA 15* — — ns  
PIC16LF62XA 25* — — ns  

Asynchronous PIC16F62XA 30* — — ns  
PIC16LF62XA 50* — — ns  

47 TT1P T1CKI input 
period 

Synchronous PIC16F62XA
20 or

Greater of:
 TCY + 40*

 N

— — ns N = prescale 
value (1, 2, 
4, 8)

PIC16LF62XA
20 or

Greater of:
TCY + 40*

 N

— — —  

Asynchronous PIC16F62XA 60* — — ns  
PIC16LF62XA 100* — — ns  

FT1 Timer1 oscillator input frequency range 
(oscillator enabled by setting bit 
T1OSCEN)

— 32.7(1) — kHz

48 TCKEZTMR1 Delay from external clock edge to timer 
increment

2TOSC — 7TOSC —

* 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: This oscillator is intended to work only with 32.768 kHz watch crystals and their manufactured tolerances.

Higher value crystal frequencies may not be compatible with this crystal driver.
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FIGURE 18-18: SUPPLY CURRENT (IDD vs. VDD, FOSC = 4 MHz (XT OSCILLATOR MODE)

FIGURE 18-19: SUPPLY CURRENT (IDD) vs. VDD, FOSC = 20 MHz (HS OSCILLATOR MODE)
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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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AMERICAS
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ  85224-6199
Tel:  480-792-7200  
Fax:  480-792-7277
Technical Support: 
http://support.microchip.com
Web Address: 
www.microchip.com
Atlanta
Duluth, GA 
Tel: 678-957-9614 
Fax: 678-957-1455
Boston
Westborough, MA  
Tel: 774-760-0087 
Fax: 774-760-0088
Chicago
Itasca, IL  
Tel: 630-285-0071 
Fax: 630-285-0075
Cleveland
Independence, OH 
Tel: 216-447-0464 
Fax: 216-447-0643
Dallas
Addison, TX 
Tel: 972-818-7423  
Fax: 972-818-2924
Detroit
Farmington Hills, MI 
Tel: 248-538-2250
Fax: 248-538-2260
Kokomo
Kokomo, IN 
Tel: 765-864-8360
Fax: 765-864-8387
Los Angeles
Mission Viejo, CA 
Tel: 949-462-9523  
Fax: 949-462-9608
Santa Clara
Santa Clara, CA 
Tel: 408-961-6444
Fax: 408-961-6445
Toronto
Mississauga, Ontario, 
Canada
Tel: 905-673-0699  
Fax:  905-673-6509

ASIA/PACIFIC
Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong
Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing
Tel: 86-10-8528-2100 
Fax: 86-10-8528-2104
China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889
China - Hong Kong SAR
Tel: 852-2401-1200  
Fax: 852-2401-3431
China - Nanjing
Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao
Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai
Tel: 86-21-5407-5533  
Fax: 86-21-5407-5066
China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393
China - Shenzhen
Tel: 86-755-8203-2660 
Fax: 86-755-8203-1760
China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xiamen
Tel: 86-592-2388138 
Fax: 86-592-2388130
China - Xian
Tel: 86-29-8833-7252
Fax: 86-29-8833-7256
China - Zhuhai
Tel: 86-756-3210040 
Fax: 86-756-3210049

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-3090-4444 
Fax: 91-80-3090-4080
India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632
India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513
Japan - Yokohama
Tel: 81-45-471- 6166  
Fax: 81-45-471-6122
Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul
Tel: 82-2-554-7200
Fax: 82-2-558-5932 or 
82-2-558-5934
Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859
Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore
Tel:  65-6334-8870
Fax: 65-6334-8850
Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei
Tel: 886-2-2500-6610  
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829
France - Paris
Tel: 33-1-69-53-63-20  
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44
Italy - Milan 
Tel: 39-0331-742611  
Fax: 39-0331-466781
Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340
Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

WORLDWIDE SALES AND SERVICE
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