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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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• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”
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allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
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FITNESS FOR PURPOSE. Microchip disclaims all liability
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hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
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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
© 2009 Microchip Technology Inc. DS40044G-page 3



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
© 2009 Microchip Technology Inc. DS40044G-page 13



PIC16F627A/628A/648A
5.0 I/O PORTS
The PIC16F627A/628A/648A have two ports, PORTA
and PORTB. Some pins for these I/O ports are
multiplexed with alternate functions for the peripheral
features on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose I/O pin.

5.1 PORTA and TRISA Registers
PORTA is an 8-bit wide latch. RA4 is a Schmitt Trigger
input and an open drain output. Port RA4 is multiplexed
with the T0CKI clock input. RA5(1) is a Schmitt Trigger
input only and has no output drivers. All other RA port
pins have Schmitt Trigger input levels and full CMOS
output drivers. All pins have data direction bits (TRIS
registers) which can configure these pins as input or
output.

A ‘1’ in the TRISA register puts the corresponding
output driver in a High-impedance mode. A ‘0’ in the
TRISA register puts the contents of the output latch on
the selected pin(s).

Reading the PORTA 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.

The PORTA pins are multiplexed with comparator and
voltage reference functions. The operation of these
pins are selected by control bits in the CMCON
(Comparator Control register) register and the VRCON
(Voltage Reference Control register) register. When
selected as a comparator input, these pins will read
as ‘0’s.

TRISA controls the direction of the RA pins, even when
they are being used as comparator inputs. The user
must make sure to keep the pins configured as inputs
when using them as comparator inputs.

The RA2 pin will also function as the output for the
voltage reference. When in this mode, the VREF pin is a
very high-impedance output. The user must configure
TRISA<2> bit as an input and use high-impedance
loads.

In one of the comparator modes defined by the
CMCON register, pins RA3 and RA4 become outputs
of the comparators. The TRISA<4:3> bits must be
cleared to enable outputs to use this function.

EXAMPLE 5-1: INITIALIZING PORTA

FIGURE 5-1: BLOCK DIAGRAM OF 
RA0/AN0:RA1/AN1 PINS

Note 1: RA5 shares function with VPP. When VPP
voltage levels are applied to RA5, the
device will enter Programming mode.

2: On Reset, the TRISA register is set to all
inputs. The digital inputs (RA<3:0>) are
disabled and the comparator inputs are
forced to ground to reduce current
consumption.

3: TRISA<6:7> is overridden by oscillator
configuration. When PORTA<6:7> is
overridden, the data reads ‘0’ and the
TRISA<6:7> bits are ignored. 

CLRF PORTA ;Initialize PORTA by 
;setting
;output data latches

MOVLW 0x07 ;Turn comparators off and
MOVWF CMCON ;enable pins for I/O 

;functions
BCF STATUS, RP1
BSF STATUS, RP0;Select Bank1
MOVLW 0x1F ;Value used to initialize

;data direction
MOVWF TRISA ;Set RA<4:0> as inputs

;TRISA<5> always
;read as ‘1’.
;TRISA<7:6>
;depend on oscillator
;mode

Data
Bus QD

QCK
WR
PORTA

WR
TRISA

Data Latch

TRIS Latch

RD 

RD PORTA

Analog

I/O Pin
QD

QCK

Input Mode

DQ

EN

To Comparator

Schmitt Trigger
Input Buffer

VDD

VSS

TRISA

(CMCON Reg.)
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PIC16F627A/628A/648A

FIGURE 5-2: BLOCK DIAGRAM OF 

RA2/AN2/VREF PIN

FIGURE 5-3: BLOCK DIAGRAM OF THE RA3/AN3/CMP1 PIN

Data
Bus QD

QCK
WR
PORTA

WR
TRISA

Data Latch

TRIS Latch

RD 

RD PORTA

Analog

RA2 Pin
QD

QCK
Input Mode

DQ

EN

To Comparator

Schmitt Trigger
Input Buffer

VROE

VREF

VDD

VSS

TRISA

(CMCON Reg.)

Data
Bus QD

QCK
WR
PORTA

WR
TRISA

Data Latch

TRIS Latch

RD 

RD PORTA

Analog

RA3 Pin
QD

QCK

DQ

EN

To Comparator

Schmitt Trigger
Input Buffer

Input Mode

Comparator Output

Comparator Mode = 110
VDD

VSS

TRISA

(CMCON Reg.)

(CMCON Reg.)

1

0
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PIC16F627A/628A/648A

FIGURE 5-13: BLOCK DIAGRAM OF RB5 PIN

Data Bus

WR PORTB

WR TRISB

RD PORTB

Data Latch

TRIS Latch

RB5 pin

TTL
input
buffer

RD TRISB

RBPU
P

VDD

weak
pull-up

From other Q D

EN

Q D

EN
Set RBIF

RB<7:4> pins

VDD

VSS

QD

QCK

QD

QCK

Q1

Q3
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PIC16F627A/628A/648A

FIGURE 5-14:  BLOCK DIAGRAM OF RB6/T1OSO/T1CKI/PGC PIN

Data Latch

TRIS Latch

RD TRISB

QD

QCK

QD

QCK

RD PORTB

WR PORTB

WR TRISB

Schmitt
Trigger

T1OSCEN

Data Bus

RB6/

TMR1 Clock

RBPU
VDD

weak pull-upP

From RB7

T1OSO/
T1CKI/
PGC

From other Q D

EN

Set RBIF

RB<7:4> pins

Serial Programming Clock

TTL
input
buffer

TMR1 oscillator

Q D

EN

VDD

VSS

Q3

Q1

pin
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PIC16F627A/628A/648A

6.3 Timer0 Prescaler
An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. A prescaler assignment for the Timer0 module
means that there is no postscaler for the Watchdog
Timer, and vice-versa.

The PSA and PS<2:0> bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

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. The prescaler
is not readable or writable. 

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMER0/WDT 

T0CKI

T0SE

pin

FOSC/4

SYNC
2

Cycles
TMR0 Reg 

8-to-1MUX

Watchdog
Timer

PSA

WDT
Time-out

PS<2:0>

8

.

PSA

WDT Enable bit

Data Bus

Set flag bit T0IF
on Overflow

8

PSA

Note: T0SE, T0CS, PSA, PS<2:0> are bits in the Option Register.

T0CS

WDT Postscaler/
TMR0 Prescaler

1

0

1

0

1

0

1

0

TMR1 Clock Source
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PIC16F627A/628A/648A
7.0 TIMER1 MODULE
The Timer1 module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The Timer1 Interrupt, if
enabled, is generated on overflow of the TMR1 register
pair which latches the interrupt flag bit TMR1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing the Timer1 interrupt enable bit TMR1IE
(PIE1<0>).

Timer1 can operate in one of two modes:

• As a timer
• As a counter

The Operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, the TMR1 register pair value
increments every instruction cycle. In Counter mode, it
increments on every rising edge of the external clock
input.

Timer1 can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>). 

Timer1 also has an internal “Reset input”. This Reset
can be generated by the CCP module (Section 9.0
“Capture/Compare/PWM (CCP) Module”).
Register 7-1 shows the Timer1 control register.

For the PIC16F627A/628A/648A, when the Timer1
oscillator is enabled (T1OSCEN is set), the RB7/
T1OSI/PGD and RB6/T1OSO/T1CKI/PGC pins
become inputs. That is, the TRISB<7:6> value is
ignored. 

REGISTER 7-1: T1CON – TIMER1 CONTROL REGISTER (ADDRESS: 10h)   
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON
bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS<1:0>: 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: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off(1)

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 when TMR1CS = 0.

bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RB6/T1OSO/T1CKI/PGC (on the rising edge)
0 = Internal clock (FOSC/4)

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

Note 1: The oscillator inverter and feedback resistor are turned off to eliminate power drain.

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
DS40044G-page 50 © 2009 Microchip Technology Inc.
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7.1 Timer1 Operation in Timer Mode
Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer is FOSC/4. The synchronize control bit T1SYNC
(T1CON<2>) has no effect since the internal clock is
always in sync.

7.2 Timer1 Operation in Synchronized 
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the TMR1 register pair value increments on
every rising edge of clock input on pin RB7/T1OSI/PGD
when bit T1OSCEN is set or pin RB6/T1OSO/T1CKI/
PGC when bit T1OSCEN is cleared.

If T1SYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during Sleep mode, the TMR1
register pair value will not increment even if the
external clock is present, since the synchronization
circuit is shut off. The prescaler however will continue
to increment.

7.2.1 EXTERNAL CLOCK INPUT TIMING 
FOR SYNCHRONIZED COUNTER 
MODE

When an external clock input is used for Timer1 in
Synchronized Counter mode, it must meet certain
requirements. The external clock requirement is due to
internal phase clock (TOSC) synchronization. Also,
there is a delay in the actual incrementing of the TMR1
register pair value after synchronization.

When the prescaler is 1:1, the external clock input is
the same as the prescaler output. The synchronization
of T1CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T1CKI to be high for at least 2 TOSC (and
a small RC delay of 20 ns) and low for at least 2 TOSC
(and a small RC delay of 20 ns). Refer to Table 17-8 in
the Electrical Specifications Section, timing parameters
45, 46 and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous ripple-counter
type prescaler so that the prescaler output is symmetri-
cal. In order for the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for T1CKI to have a
period of at least 4 TOSC (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement on
T1CKI high and low time is that they do not violate the
minimum pulse width requirements of 10 ns). Refer to
the appropriate electrical specifications in Table 17-8,
parameters 45, 46 and 47.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM

TMR1H TMR1L

T1OSC
T1SYNC

TMR1CS

T1CKPS<1:0>
Sleep Input

T1OSCEN
Enable
Oscillator(1)

FOSC/4
Internal
Clock

TMR1ON

Prescaler
1, 2, 4, 8

Synchronize

det

1

0

0

1

Synchronized
Clock Input

2

RB6/T1OSO/T1CKI/PGC

RB7/T1OSI/PGD

Note 1: When the T1OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

Set flag bit
TMR1IF on
Overflow

TMR1
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FIGURE 10-4: ANALOG INPUT MODE 

TABLE 10-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

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

1Fh CMCON C2OUT C1OUT C2INV C1NV CIS CM2 CM1 CM0 0000 0000 0000 0000

0Bh, 8Bh, 
10Bh, 18Bh INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

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

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

85h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 1111 1111 1111 1111

Legend: x = Unknown, u = Unchanged, - = Unimplemented, read as ‘0’

VA

RS  < 10 K

AIN
CPIN
5 pF

VDD

VT = 0.6V

VT = 0.6V

RIC

ILEAKAGE
±500 nA

VSS

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the Pin 
RIC = Interconnect Resistance
RS = Source Impedance
VA = Analog Voltage
DS40044G-page 68 © 2009 Microchip Technology Inc.



PIC16F627A/628A/648A

REGISTER 12-2: RCSTA – RECEIVE STATUS AND CONTROL REGISTER (ADDRESS: 18h)                 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADEN FERR OERR RX9D

bit 7 bit 0

bit 7 SPEN: Serial Port Enable bit
(Configures RB1/RX/DT and RB2/TX/CK pins as serial port pins when bits TRISB<2:1> are set)
1 = Serial port enabled 
0 = Serial port disabled

bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

bit 5 SREN: Single Receive Enable bit
Asynchronous mode:

Don’t care
Synchronous mode - master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.

Synchronous mode - slave:
Unused in this mode

bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables continuous receive
0 = Disables continuous receive

Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

bit 3 ADEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8> 

is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit

Asynchronous mode 8-bit (RX9 = 0):
Unused in this mode

Synchronous mode
Unused in this mode

bit 2 FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

bit 1 OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0 RX9D: 9th bit of received data (Can be parity bit)

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 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)     

 

BAUD
RATE (K) 

FOSC = 20 MHz SPBRG
value 

(decimal)

16 MHz SPBRG
value 

(decimal)

10 MHz SPBRG
value 

(decimal)KBAUD ERROR KBAUD ERROR KBAUD ERROR

9600 9.615 +0.16% 129 9.615 +0.16% 103 9.615 +0.16% 64
19200 19.230 +0.16% 64 19.230 +0.16% 51 18.939 -1.36% 32
38400 37.878 -1.36% 32 38.461 +0.16% 25 39.062 +1.7% 15
57600 56.818 -1.36% 21 58.823 +2.12% 16 56.818 -1.36% 10
115200 113.636 -1.36% 10 111.111 -3.55% 8 125 +8.51% 4
250000 250 0 4 250 0 3 NA — —
625000 625 0 1 NA — — 625 0 0
1250000 1250 0 0 NA — — NA — —

BAUD
RATE (K) 

FOSC = 7.16 MHz SPBRG
value 

(decimal)

5.068 MHz SPBRG
value 

(decimal)

4 MHz SPBRG
value 

(decimal)KBAUD ERROR KBAUD ERROR KBAUD ERROR

9600 9.520 -0.83% 46 9598.485 0.016% 32 9615.385 0.160% 25
19200 19.454 +1.32% 22 18632.35 -2.956% 16 19230.77 0.160% 12
38400 37.286 -2.90% 11 39593.75 3.109% 7 35714.29 -6.994% 6
57600 55.930 -2.90% 7 52791.67 -8.348% 5 62500 8.507% 3
115200 111.860 -2.90% 3 105583.3 -8.348% 2 125000 8.507% 1
250000 NA — — 316750 26.700% 0 250000 0.000% 0
625000 NA — — NA — — NA — —
1250000 NA — — NA — — NA — —

BAUD
RATE (K) 

FOSC = 3.579 MHz SPBRG
value 

(decimal)

1 MHz SPBRG
value 

(decimal)

32.768 kHz SPBRG
value 

(decimal)KBAUD ERROR KBAUD ERROR KBAUD ERROR

9600 9725.543 1.308% 22 8.928 -6.994% 6 NA NA NA
19200 18640.63 -2.913% 11 20833.3 8.507% 2 NA NA NA
38400 37281.25 -2.913% 5 31250 -18.620% 1 NA NA NA 
57600 55921.88 -2.913% 3 62500 +8.507 0 NA NA NA
115200 111243.8 -2.913% 1 NA — — NA NA NA
250000 223687.5 -10.525% 0 NA — — NA NA NA
625000 NA — — NA — — NA NA NA
1250000 NA — — NA — — NA NA NA
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FIGURE 12-1: USART TRANSMIT BLOCK DIAGRAM   

Follow these steps when setting up an Asynchronous
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. If a high-speed baud rate is desired,
set bit BRGH. (Section 12.1 “USART Baud
Rate Generator (BRG)”).

3. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

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

5. If 9-bit transmission is desired, then set transmit
bit TX9.

6. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

8. Load data to the TXREG register (starts
transmission).

FIGURE 12-2: ASYNCHRONOUS TRANSMISSION
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12.5.2 USART SYNCHRONOUS SLAVE 

RECEPTION
The operation of the Synchronous Master and Slave
modes is identical except in the case of the Sleep
mode. Also, bit SREN is a “don’t care” in Slave mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
Sleep. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Follow these steps when setting up a Synchronous
Slave 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. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

3. If interrupts are desired, then set enable bit
RCIE.

4. If 9-bit reception is desired, then set bit RX9.
5. To enable reception, set enable bit CREN.
6. Flag bit RCIF will be set when reception is

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

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

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

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

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

TABLE 12-12: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE 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

19h TXREG USART Transmit Data Register 0000 0000 0000 0000

8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE TMR2IE TMR1IE 0000 -000 0000 -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 slave transmission.

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 EEIE CMIE RCIE TXIE — CCP1IE TMR2IE TMR1IE 0000 -000 0000 -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 slave reception.
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13.7 Using the Data EEPROM
The data EEPROM is a high endurance, byte
addressable array that has been optimized for the storage
of frequently changing information (e.g., program
variables or other data that are updated often). When
variables in one section change frequently, while
variables in another section do not change, it is possible
to exceed the total number of write cycles to the EEPROM
(specification D124) without exceeding the total number
of write cycles to a single byte (specifications D120 and
D120A). If this is the case, then an array refresh must be
performed. For this reason, variables that change
infrequently (such as constants, IDs, calibration, etc.)
should be stored in Flash program memory. 

A simple data EEPROM refresh routine is shown in
Example 13-4.

EXAMPLE 13-4: DATA EEPROM REFRESH ROUTINE

Note: If data EEPROM is only used to store
constants and/or data that changes rarely,
an array refresh is likely not required. See
specification D124.

BANKSEL 0X80 ;select Bank1
CLRF EEADR ;start at address 0
BCF INTCON, GIE ;disable interrupts
BTFSC INTCON, GIE ;see AN576
GOTO $ - 2
BSF EECON1, WREN ;enable EE writes

Loop
BSF EECON1, RD ;retrieve data into EEDATA
MOVLW 0x55 ;first step of ... 
MOVWF EECON2 ;... required sequence
MOVLW 0xAA ;second step of ... 
MOVWF EECON2 ;... required sequence
BSF EECON1, WR ;start write sequence
BTFSC EECON1, WR ;wait for write complete
GOTO $ - 1

#IFDEF __16F648A ;256 bytes in 16F648A

INCFSZ EEADR, f ;test for end of memory
#ELSE ;128 bytes in 16F627A/628A

INCF EEADR, f ;next address
BTFSS EEADR, 7 ;test for end of memory

#ENDIF ;end of conditional assembly

GOTO Loop ;repeat for all locations

BCF EECON1, WREN ;disable EE writes
BSF INTCON, GIE ;enable interrupts (optional)
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FIGURE 14-8: TIME OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE     

FIGURE 14-9: TIME OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2   

FIGURE 14-10: TIME OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD) 
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TABLE 14-8: SUMMARY OF INTERRUPT REGISTERS

14.6 Context Saving During Interrupts
During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt (e.g., W register and
Status register). This must be implemented in software.

Example 14-1 stores and restores the Status and W
registers. The user register, W_TEMP, must be defined
in a common memory location (i.e., W_TEMP is
defined at 0x70 in Bank 0 and is therefore, accessible
at 0xF0, 0x170 and 0x1F0). The Example 14-1:

• Stores the W register
• Stores the Status register
• Executes the ISR code
• Restores the Status (and bank select bit register)
• Restores the W register

EXAMPLE 14-1: SAVING THE STATUS 
AND W REGISTERS IN 
RAM

14.7 Watchdog Timer (WDT)
The Watchdog Timer is a free running on-chip RC
oscillator which does not require any external
components. This RC oscillator is separate from the
RC oscillator of the CLKIN pin. That means that the
WDT will run, even if the clock on the OSC1 and OSC2
pins of the device has been stopped, for example, by
execution of a SLEEP instruction. During normal
operation, a WDT time out generates a device Reset. If
the device is in Sleep mode, a WDT time out causes
the device to wake-up and continue with normal
operation. The WDT can be permanently disabled by
programming the configuration bit WDTE as clear
(Section 14.1 “Configuration Bits”).

14.7.1 WDT PERIOD
The WDT has a nominal time-out period of 18 ms (with
no prescaler). The time-out periods vary with
temperature, VDD and process variations from part to
part (see DC Specifications, Table 17-7). If longer time-
out periods are desired, a postscaler with a division ratio
of up to 1:128 can be assigned to the WDT under
software control by writing to the OPTION register. Thus,
time-out periods up to 2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler, if assigned to the WDT, and prevent
it from timing out and generating a device Reset. 

The TO bit in the Status register will be cleared upon a
Watchdog Timer time out.

14.7.2 WDT PROGRAMMING 
CONSIDERATIONS

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max.
WDT prescaler) it may take several seconds before a
WDT time out occurs.

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

Value on all 
other 

Resets(1)

0Bh, 8Bh, 
10Bh, 18Bh

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

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

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

Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Reset and Watchdog Timer Reset during normal
operation.

MOVWF W_TEMP ;copy W to temp register, 
;could be in any bank

SWAPF STATUS,W ;swap status to be saved 
;into W

BCF STATUS,RP0 ;change to bank 0 
;regardless of current
;bank

MOVWF STATUS_TEMP;save status to bank 0 
;register

:
:(ISR)
:

SWAPF STATUS_TEMP,W;swap STATUS_TEMP 
register

;into W, sets bank to 
original

;state
MOVWF STATUS ;move W into STATUS 

;register
SWAPF W_TEMP,F ;swap W_TEMP
SWAPF W_TEMP,W ;swap W_TEMP into W
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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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FIGURE 18-16: INTERNAL OSCILLATOR IDD vs. VDD – SLOW MODE

FIGURE 18-17: SUPPLY CURRENT (IDD vs. VDD, FOSC = 1 MHz (XT OSCILLATOR MODE)
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