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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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PIC16F62X
TABLE 3-2: SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Value on 

POR 

Reset(1)

Details on 

Page

Bank 1

80h INDF Addressing this location uses contents of FSR to address data memory (not a physical 
register)

xxxx xxxx 25

81h OPTION RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 20

82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 25

83h STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 19

84h FSR Indirect data memory address pointer xxxx xxxx 25

85h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 1111 1111 29

86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 1111 1111 34

87h — Unimplemented — —

88h — Unimplemented — —

89h — Unimplemented — —

8Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 25

8Bh INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 21

8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE TMR2IE TMR1IE 0000 -000 22

8Dh — Unimplemented — —

8Eh PCON — — — — OSCF — POR BOD ---- 1-0x 24

8Fh — Unimplemented — —

90h — Unimplemented — —

91h — Unimplemented — —

92h PR2 Timer2 Period Register 1111 1111 50

93h — Unimplemented — —

94h — Unimplemented — —

95h — Unimplemented — —

96h — Unimplemented — —

97h — Unimplemented — —

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 69

99h SPBRG Baud Rate Generator Register 0000 0000 69

9Ah EEDATA EEPROM data register xxxx xxxx 87

9Bh EEADR — EEPROM address register xxxx xxxx 87

9Ch EECON1 — — — — WRERR WREN WR RD ---- x000 87

9Dh EECON2 EEPROM control register 2 (not a physical register) -------- 87

9Eh — Unimplemented — —

9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VR0 000- 0000 59

Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition, shaded = unim-

plemented

Note 1: For the Initialization Condition for Registers Tables, refer to Table 14-7 and Table 14-8 on page 98.
DS40300C-page 16 Preliminary  2003 Microchip Technology Inc.



PIC16F62X
3.2.2.2 OPTION Register

The OPTION register is a readable and writable

register which contains various control bits to configure

the TMR0/WDT prescaler, the external RB0/INT

interrupt, TMR0, and the weak pull-ups on PORTB.

REGISTER 3-2: OPTION REGISTER (ADDRESS: 81h, 181h)   

Note: To achieve a 1:1 prescaler assignment for

TMR0, assign the prescaler to the WDT

(PSA = 1).  See Section 6.3.1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

bit 7 bit 0

bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RB0/INT pin

0 = Interrupt on falling edge of RB0/INT pin

bit 5 T0CS: TMR0 Clock Source Select bit

1 = Transition on RA4/T0CKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 T0SE: TMR0 Source Edge Select bit

1 = Increment on high-to-low transition on RA4/T0CKI pin

0 = Increment on low-to-high transition on RA4/T0CKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS2:PS0: Prescaler Rate Select bits

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

000
001
010
011
100
101
110
111

1 : 2

1 : 4

1 : 8

1 : 16

1 : 32

1 : 64

1 : 128

1 : 256

1 : 1

1 : 2

1 : 4

1 : 8

1 : 16

1 : 32

1 : 64

1 : 128

Bit Value TMR0 Rate WDT Rate
DS40300C-page 20 Preliminary  2003 Microchip Technology Inc.



PIC16F62X
3.2.2.5 PIR1 Register

This register contains interrupt flag bits. 

REGISTER 3-5: PIR1 REGISTER (ADDRESS: 0Ch)    

Note: Interrupt flag bits get set when an interrupt

condition occurs regardless of the state of

its corresponding enable bit or the global

enable bit, GIE (INTCON<7>). User

software should ensure the appropriate

interrupt flag bits are clear prior to enabling

an interrupt.

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

EEIF CMIF RCIF TXIF — CCP1IF TMR2IF TMR1IF

bit 7 bit 0

bit 7 EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

0 = The write operation has not completed or has not been started

bit 6 CMIF: Comparator Interrupt Flag bit

1 = Comparator output has changed

0 = Comparator output has not changed

bit 5 RCIF: USART Receive Interrupt Flag bit

1 = The USART receive buffer is full

0 = The USART receive buffer is empty

bit 4 TXIF: USART Transmit Interrupt Flag bit

1 = The USART transmit buffer is empty

0 = The USART transmit buffer is full

bit 3 Unimplemented: Read as ‘0’ 

bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture Mode

1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare Mode

1 = A TMR1 register compare match occurred (must be cleared in software)

0 = No TMR1 register compare match occurred

PWM Mode

Unused in this mode

bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)

0 = No TMR2 to PR2 match occurred

bit 0  TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)

0 = TMR1 register did not overflow

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
 2003 Microchip Technology Inc. Preliminary DS40300C-page 23



PIC16F62X
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA(1) 

5.2 PORTB and TRISB Registers

PORTB is an 8-bit wide bi-directional port. The

corresponding data direction register is TRISB. A '1' in

the TRISB register puts the corresponding output driver

in a Hi-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 override 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 con-

figured as an output is excluded from the interrupt-on-

change comparison). The input pins (of RB7:RB4) are

compared with the old value latched on the last read of

PORTB. The “mismatch” outputs of RB7:RB4 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 AN552)

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.

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

05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RA0 xxxx 0000 xxxu 0000

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

1Fh CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 0000 0000 0000 0000

9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VR0 000- 0000 000- 0000

Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown

Note 1: Shaded bits are not used by PORTA.

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 inter-

rupt flag may not get set.
DS40300C-page 34 Preliminary  2003 Microchip Technology Inc.
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REGISTER 8-1: T2CON: TIMER CONTROL REGISTER (ADDRESS: 12h)    

TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

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

— TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0

bit 7 bit 0

bit 7 Unimplemented: Read as '0'

bit 6-3 TOUTPS3:TOUTPS0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale Value

0001 = 1:2 Postscale Value

•

•

•

1111 = 1:16 Postscale

bit 2 TMR2ON: Timer2 On bit

1 = Timer2 is on

0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits

00 = 1:1 Prescaler Value

01 = 1:4 Prescaler Value

1x = 1:16 Prescaler Value

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

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

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

11h TMR2 Timer2 module’s register 0000 0000 0000 0000

12h T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 -000 0000

92h PR2 Timer2 Period Register 1111 1111 1111 1111

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer2 module.
 2003 Microchip Technology Inc. Preliminary DS40300C-page 51
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9.0 COMPARATOR MODULE

The Comparator module contains two analog

comparators. The inputs to the comparators are

multiplexed with the RA0 through RA3 pins. The On-

chip Voltage Reference (Section 10.0) can also be an

input to the comparators. 

The CMCON register, shown in Register 9-1, controls

the comparator input and output multiplexers. A block

diagram of the comparator is shown in Figure 9-1.

REGISTER 9-1: CMCON REGISTER (ADDRESS: 01Fh)    

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0

bit 7 bit 0

bit 7 C2OUT: Comparator 2 Output

When C2INV = 0:

1 = C2 VIN+ > C2 VIN-

0 = C2 VIN+ < C2 VIN-

When C2INV = 1:

1 = C2 VIN+ < C2 VIN-

0 = C2 VIN+ > C2 VIN-

bit 6 C1OUT: Comparator 1 Output

When C1INV = 0:

1 = C1 VIN+ > C1 VIN-

0 = C1 VIN+ < C1 VIN-

When C1INV = 1:

1 = C1 VIN+ < C1 VIN-

0 = C1 VIN+ > C1 VIN-

bit 5 C2INV: Comparator 2 Output Inversion

1 = C2 Output inverted

0 = C2 Output not inverted

bit 4 C1INV: Comparator 1 Output Inversion

1 = C1 Output inverted

0 = C1 Output not inverted

bit 3 CIS: Comparator Input Switch

When CM2:CM0: = 001

Then:

1 = C1 VIN- connects to RA3

0 = C1 VIN- connects to RA0

When CM2:CM0 = 010

Then:

1 = C1 VIN- connects to RA3

      C2 VIN- connects to RA2

0 = C1 VIN- connects to RA0

      C2 VIN- connects to RA1

bit 2-0 CM2:CM0: Comparator Mode

Figure 9-1 shows the Comparator modes and CM2:CM0 bit settings

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
 2003 Microchip Technology Inc. Preliminary DS40300C-page 53
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11.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the

CCPR1L register and to the CCP1CON<5:4> bits. Up

to 10-bit resolution is available: the CCPR1L contains

the eight MSbs and the CCP1CON<5:4> contains the

two LSbs. This 10-bit value is represented by

CCPR1L:CCP1CON<5:4>. The following equation is

used to calculate the PWM duty cycle in time:

EQUATION 11-1: PWM DUTY CYCLE

CCPR1L and CCP1CON<5:4> can be written to at any

time, but the duty cycle value is not latched into

CCPR1H until after a match between PR2 and TMR2

occurs (i.e., the period is complete). In PWM mode,

CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are

used to double buffer the PWM duty cycle. This double

buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2

concatenated with an internal 2-bit Q clock or 2 bits of

the TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM

frequency:

EQUATION 11-2: MAXIMUM PWM 

RESOLUTION 

   

For an example on the PWM period and duty cycle

calculation, see the PICmicro™ Mid-Range Reference

Manual (DS33023).

11.3.3 SET-UP FOR PWM OPERATION

The following steps should be taken when configuring

the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2 

register.

2. Set the PWM duty cycle by writing to the

CCPR1L register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the

TRISB<3> bit.

4. Set the TMR2 prescale value and enable Timer2

by writing to T2CON.

TABLE 11-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz

TABLE 11-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2 

PWM duty cycle = (CCPR1L:CCP1CON<5:4>) •
Tosc • (TMR2 prescale value)

Note: If the PWM duty cycle value is longer than

the PWM period, the CCP1 pin will not be

cleared.

log ( 
Fpwm x TMR2 Prescaler

log (2)

Fosc 
)

bits
PWM
Resolution = 

PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz 208.3 kHz

Timer Prescaler (1, 4, 16) 16 4 1 1 1 1

PR2 Value 0xFF 0xFF 0xFF 0x3F 0x1F 0x17

Maximum Resolution (bits) 10 10 10 8 7 6.5

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

0Bh/8Bh/
10Bh/18Bh

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

0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF TMR2IF TMR1IF 0000 -000 0000 -00

8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE TMR2IE TMR1IE 0000 -000 0000 -00

87h TRISB PORTB Data Direction Register 1111 1111 1111 111

11h TMR2 Timer2 module’s register 0000 0000 0000 000

92h PR2 Timer2 module’s period register 1111 1111 1111 111

12h T2CON — TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 uuuu

15h CCPR1L Capture/Compare/PWM register1 (LSB) xxxx xxxx uuuu uuu

16h CCPR1H Capture/Compare/PWM register1 (MSB) xxxx xxxx uuuu uuu

17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1M0 --00 0000 --00 000

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PWM and Timer2.
 2003 Microchip Technology Inc. Preliminary DS40300C-page 65
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12.3 USART Function

The USART function is similar to that on the

PIC16C74B, which includes the BRGH = 1 fix.

12.3.1 USART 9-BIT RECEIVER WITH 

ADDRESS DETECT

When the RX9 bit is set in the RCSTA register, 9 bits

are received and the ninth bit is placed in the RX9D bit

of the RCSTA register. The USART module has a

special provision for multiprocessor communication.

Multiprocessor communication is enabled by setting

the ADEN bit (RCSTA<3>) along with the RX9 bit. The

port is now programmed so when the last bit is

received, the contents of the Receive Shift Register

(RSR) are transferred to the receive buffer. The ninth

bit of the RSR (RSR<8>) is transferred to RX9D, and

the receive interrupt is set if, and only, if RSR<8> = 1.

This feature can be used in a multiprocessor system as

follows:

A master processor intends to transmit a block of data

to one of many slaves. It must first send out an address

byte that identifies the target slave. An address byte is

identified by setting the ninth bit (RSR<8>) to a '1'

(instead of a '0' for a data byte). If the ADEN and RX9

bits are set in the slave’s RCSTA register, enabling mul-

tiprocessor communication, all data bytes will be

ignored. However, if the ninth received bit is equal to a

‘1’, indicating that the received byte is an address, the

slave will be interrupted and the contents of the RSR

register will be transferred into the receive buffer. This

allows the slave to be interrupted only by addresses, so

that the slave can examine the received byte to see if it

is being addressed. The addressed slave will then clear

its ADEN bit and prepare to receive data bytes from the

master.

When ADEN is enabled (='1'), all data bytes are

ignored. Following the STOP bit, the data will not be

loaded into the receive buffer, and no interrupt will

occur. If another byte is shifted into the RSR register,

the previous data byte will be lost. 

The ADEN bit will only take effect when the receiver is

configured in 9-bit mode (RX9 = '1'). When ADEN is

disabled (='0'), all data bytes are received and the 9th

bit can be used as the PARITY bit.

The USART Receive Block Diagram is shown in

Figure 12-8. 

Reception is enabled by setting bit CREN

(RCSTA<4>).

12.3.1.1 Setting up 9-bit mode with Address 

Detect

Steps to follow when setting up an Asynchronous or

Synchronous Reception with Address Detect Enabled:

1. Initialize the SPBRG register for the appropriate

baud rate. If a high speed baud rate is desired,

set bit BRGH.

2. Enable asynchronous or synchronous commu-

nication by setting or clearing bit SYNC and

setting bit SPEN.

3. If interrupts are desired, then set enable bit

RCIE.

4. Set bit RX9 to enable 9-bit reception.

5. Set ADEN to enable address detect.

6. Enable the reception by setting enable bit CREN

or SREN.

7. Flag bit RCIF will be set when reception is

complete, and an interrupt will be generated if

enable bit RCIE was set.

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

RCREG register to determine if the device is

being addressed.

9. If any error occurred, clear the error by clearing

enable bit CREN if it was already set.

10. If the device has been addressed (RSR<8> = 1

with address match enabled), clear the ADEN

and RCIF bits to allow data bytes and address

bytes to be read into the receive buffer and

interrupt the CPU.

TABLE 12-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS 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 -00x 0000 -00x

1Ah RCREG RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 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 locations read as '0'. Shaded cells are not used for Asynchronous Reception.
DS40300C-page 80 Preliminary  2003 Microchip Technology Inc.
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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 12-5. 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 soft-

ware. 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 reg-

ister 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 sta-

ble around the falling edge of the synchronous clock

(Figure 12-12). The transmission can also be started

by first loading the TXREG register and then setting bit

TXEN (Figure 12-13). 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 hi-

impedance. If either bit CREN or bit SREN is set,

during a transmission, the transmission is aborted and

the DT pin reverts to a hi-impedance state (for a recep-

tion). 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 Hi-impedance 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.

Steps to follow when setting up a Synchronous Master

Transmission:

1. Initialize the SPBRG register for the appropriate

baud rate (Section 12.1).

2. Enable the synchronous master serial port by

setting bits SYNC, SPEN, and CSRC.

3. If interrupts are desired, then set enable bit

TXIE.

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

5. Enable the transmission by setting bit TXEN.

6. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. Start transmission by loading data to the TXREG

register.
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FIGURE 12-14: 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).

Steps to follow when setting up a Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit

TXIE.

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

5. Enable the transmission by setting enable bit

TXEN.

6. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. 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 Q1Q2Q3Q4Q1Q2Q3Q4 Q1Q2Q3Q4Q1Q2Q3Q4 Q1Q2Q3Q4

'0'

BIT0 BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7

'0'

Q1Q2Q3Q4

Note 1: Timing diagram demonstrates Sync Master mode with bit SREN = ‘1’ and bit BRG = ‘0’.
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14.5 Power-on Reset (POR), Power-up 

Timer (PWRT), Oscillator Start-up 

Timer (OST) and Brown-out Detect 

(BOD)

14.5.1 POWER-ON RESET (POR)

The on-chip POR circuit holds the chip in RESET until

VDD has reached a high enough level for proper

operation. To take advantage of the POR, just tie the

MCLR pin through a resistor to VDD. This will eliminate

external RC components usually needed to create

Power-on Reset. A maximum rise time for VDD is

required. See Electrical Specifications for details.

The POR circuit does not produce an internal RESET

when VDD declines.

When the device starts normal operation (exits the

RESET condition), device operating parameters (volt-

age, frequency, temperature, etc.) must be met to

ensure operation. If these conditions are not met, the

device must be held in RESET until the operating

conditions are met.

For additional information, refer to Application Note

AN607, “Power-up Trouble Shooting”.

14.5.2 POWER-UP TIMER (PWRT)

The PWRT provides a fixed 72 ms (nominal) timeout

on power-up only, from POR or Brown-out Detect

Reset. The PWRT operates on an internal RC oscilla-

tor. The chip is kept in RESET as long as PWRT is

active. The PWRT delay allows the VDD to rise to an

acceptable level. A configuration bit, PWRTE can

disable (if set) or enable (if cleared or programmed) the

PWRT. The PWRT should always be enabled when

Brown-out Detect Reset is enabled.

The Power-Up Time delay will vary from chip to chip

and due to VDD, temperature and process variation.

See DC parameters for details.

14.5.3 OSCILLATOR START-UP TIMER 

(OST)

The OST provides a 1024 oscillator cycle (from OSC1

input) delay after the PWRT delay is over. This ensures

that the crystal oscillator or resonator has started and

stabilized.

The OST timeout is invoked only for XT, LP and HS

modes and only on Power-on Reset or wake-up from

SLEEP.

14.5.4 BROWN-OUT DETECT (BOD) 

RESET

The PIC16F62X members have on-chip BOD circuitry.

A configuration bit, BODEN, can disable (if clear/

programmed) or enable (if set) the BOD Reset circuitry.

If VDD falls below VBOD for longer than TBOD, the

brown-out situation will RESET the chip. A RESET is

not guaranteed to occur if VDD falls below VBOD for

shorter than TBOD. VBOD and TBOD are defined in

Table 17-1 and Table 17-6, respectively.

On any RESET (Power-on, Brown-out, Watchdog, etc.)

the chip will remain in RESET until VDD rises above

VBOD. The Power-up Timer will now be invoked and will

keep the chip in RESET an additional 72 ms. 

If VDD drops below VBOD while the Power-up Timer is

running, the chip will go back into a Brown-out Detect

Reset and the Power-up Timer will be re-initialized.

Once VDD rises above VBOD, the Power-Up Timer will

execute a 72 ms RESET. The Power-up Timer should

always be enabled when Brown-out Detect is enabled.

Figure 14-7 shows typical Brown-out situations.

FIGURE 14-7: BROWN-OUT SITUATIONS 

72 MS

VBOD 
VDD

INTERNAL

RESET

VBOD 
VDD

INTERNAL

RESET 72 MS
<72 MS

72 MS

VBOD 
VDD

INTERNAL

RESET

≥ TBOD
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14.12 In-Circuit Serial Programming

The PIC16F62X microcontrollers can be serially

programmed while in the end application circuit. This is

simply done with two lines for clock and data, and three

other lines for power, ground, and the programming

voltage. This allows customers to manufacture boards

with unprogrammed devices, and then program the

microcontroller just before shipping the product. This

also allows the most recent firmware, or a custom

firmware to be programmed.

The device is placed into a Program/Verify mode by

holding the RB6 and RB7 pins low while raising the

MCLR (VPP) pin from VIL to VIHH (see programming

specification). RB6 becomes the programming clock

and RB7 becomes the programming data. Both RB6

and RB7 are Schmitt Trigger inputs in this mode.

After RESET, to place the device into Programming/

Verify mode, the program counter (PC) is at location

00h. A 6-bit command is then supplied to the device.

Depending on the command, 14 bits of program data

are then supplied to or from the device, depending if

the command was a load or a read. For complete

details of serial programming, please refer to the

Programming Specifications.

A typical in-circuit serial programming connection is

shown in Figure 14-18.

FIGURE 14-18: TYPICAL IN-CIRCUIT 

SERIAL PROGRAMMING 

CONNECTION

14.13 Low Voltage Programming

The LVP bit of the configuration word, enables the low

voltage programming. This mode allows the microcon-

troller to be programmed via ICSP using only a 5V

source. This mode removes the requirement of VIHH to

be placed on the MCLR pin. The LVP bit is normally

erased to '1', which enables the low voltage program-

ming. In this mode, the RB4/PGM pin is dedicated to

the programming function and ceases to be a general

purpose I/O pin. The device will enter Programming

mode when a '1' is placed on the RB4/PGM pin. The

HV Programming mode is still available by placing VIHH

on the MCLR pin. 

If Low voltage Programming mode is not used, the LVP

bit can be programmed to a '0', and RB4/PGM

becomes a digital I/O pin. To program the device, VIHH

must be placed onto MCLR during programming. The

LVP bit may only be programmed when programming

is entered with VIHH on MCLR. The LVP bit cannot be

programmed when programming is entered with RB4/

PGM.

It should be noted, that once the LVP bit is programmed

to 0, High voltage Programming mode can be used to

program the device.

External
Connector
Signals

To Normal
Connections

To Normal
Connections

PIC16F62X

VDD

VSS

RA5/MCLR/VPP

RB6/PGC

RB7/PGD

+5V

0V

VPP

CLK

Data I/O

VDD

Note 1: While in this mode, the RB4 pin can no

longer be used as a general purpose I/O

pin.

2: VDD must be 5.0V +10% during erase/

program operations while in low voltage

Programming mode.
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FIGURE 17-1: PIC16F62X VOLTAGE-FREQUENCY GRAPH, 0°C ≤ TA ≤ +70°C

FIGURE 17-2: PIC16F62X VOLTAGE-FREQUENCY GRAPH, -40°C ≤ TA < 0°C, +70°C < TA ≤ 85°C
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FIGURE 17-8: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 

TIMER TIMING

FIGURE 17-9: BROWN-OUT DETECT TIMING

TABLE 17-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 

TIMER REQUIREMENTS

Param 

No.
Sym Characteristic Min Typ† Max Units Conditions

30 TmcL MCLR Pulse Width (low)               2000 

TBD

—

TBD

—

TBD

ns

ms

VDD = 5V, -40°C to +85°C

Extended temperature

31 Twdt Watchdog Timer Timeout Period 

(No Prescaler)

7

TBD

18

TBD

33

TBD

ms

ms

VDD = 5V, -40°C to +85°C

Extended temperature

32 Tost Oscillation Start-up Timer Period — 1024TOSC — — TOSC = OSC1 period

33* Tpwrt Power-up Timer Period 28

TBD

72

TBD

132

TBD

ms

ms

VDD = 5V, -40°C to +85°C

Extended temperature

34 TIOZ I/O Hi-impedance from MCLR Low 

or Watchdog Timer Reset

— — 2.0 µs

35 TBOD Brown-out Detect pulse width 100 — — µs VDD ≤ VBOD (D005)

* 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

MCLR

Internal
POR

PWRT
Timeout

OSC
Timeout

Internal
RESET

Watchdog
Timer

RESET

33

32

30

31
34

I/O Pins

34

VDD VBOD

35
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FIGURE 18-12: ∆lTMR1OSC VS VDD OVER TEMP (0C to +70°C)

SLEEP MODE, TIMER1 OSCILLATOR, 32 kHz XTAL   

FIGURE 18-13: ∆lWDT VS VDD SLEEP MODE, WATCH DOG TIMER ENABLED   

Note: The graphs and tables provided in this section are for design guidance and are not tested. 
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19.0 PACKAGING INFORMATION

19.1 Package Marking Information

* Standard OTP marking consists of Microchip part number, year code, week code, facility code, mask rev#, and

assembly code. For OTP marking beyond this, certain price adders apply. Please check with your Microchip Sales

Office. For QTP devices, any special marking adders are included in QTP price.

20-LEAD SSOP

XXXXXXXXXX

 YYWWNNN

XXXXXXXXXX

18-LEAD SOIC (.300")

XXXXXXXXXXXX

YYWWNNN

XXXXXXXXXXXX

XXXXXXXXXXXX

XXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXX

YYWWNNN

18-LEAD PDIP

EXAMPLE

EXAMPLE

EXAMPLE

PIC16F628/P

9917017

PIC16F628/SO

9910017

PIC16F628/SO

9910017

Legend: MM...M Microchip part number information

XX...X Customer specific information(1)

YY Year code (last 2 digits of calendar year)

WW Week code (week of January 1 is week ‘01’)

NNN Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will be carried

over to the next line thus limiting the number of available characters for customer specific

information.
 2003 Microchip Technology Inc. Preliminary DS40300C-page 157
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