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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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PIC16C6X
FIGURE 3-1: PIC16C61 BLOCK DIAGRAM        
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PIC16C6X
FIGURE 4-6: PIC16C62/62A/R62/64/64A/
R64 REGISTER FILE MAP
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Note 1: Not a physical register.
2: PORTD and PORTE are not available on 

the PIC16C62/62A/R62.

File Address
 1997-2013 Microchip Technology Inc.
FIGURE 4-7: PIC16C63/R63/65/65A/R65 
REGISTER FILE MAP 
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the PIC16C63/R63.

File Address
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PIC16C6X
4.2.2.6 PIE2 REGISTER

This register contains the CCP2 interrupt enable bit.

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
 1997-2013 Microchip Technology Inc.
FIGURE 4-20: PIE2 REGISTER (ADDRESS 8Dh)

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

— — — — — — — CCP2IE R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7-1: Unimplemented: Read as '0'

bit  0: CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt
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PIC16C6X
FIGURE 5-4: BLOCK DIAGRAM OF THE
RB7:RB4 PINS FOR 
PIC16C62A/63/R63/64A/65A/
R65/66/67 
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RB7:RB6 in serial programming mode
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2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RPBU bit (OPTION<7>).

TABLE 5-3: PORTB FUNCTIONS 
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FIGURE 5-5: BLOCK DIAGRAM OF THE
RB3:RB0 PINS 
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Note 1: I/O pins have diode protection to VDD and VSS.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)

and clear the RPBU bit (OPTION<7>).
TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit# Buffer Type Function

RB0/INT bit0 TTL/ST(1) Input/output pin or external interrupt input. Internal software programmable 
weak pull-up.

RB1 bit1 TTL Input/output pin.  Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin.  Internal software programmable weak pull-up.

RB3 bit3 TTL Input/output pin.  Internal software programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up.

RB6 bit6 TTL/ST(2) Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming clock.

RB7 bit7 TTL/ST(2) Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming data.

Legend:  TTL = TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in serial programming mode.

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

POR,
BOR

Value on all 
other resets

06h, 106h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 xxxx xxxx uuuu uuuuu

86h, 186h TRISB PORTB Data Direction Register 1111 1111 1111 1111

81h, 181h OPTION RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
 1997-2013 Microchip Technology Inc.



PIC16C6X
5.3 PORTC and TRISC Register

PORTC is an 8-bit wide bi-directional port. Each pin is
individually configurable as an input or output through
the TRISC register. PORTC is multiplexed with several
peripheral functions (Table 5-5). PORTC pins have
Schmitt Trigger input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

EXAMPLE 5-3: INITIALIZING PORTC

BCF    STATUS, RP0  ;
BCF    STATUS, RP1  ; PIC16C66/67 only
CLRF   PORTC        ; Initialize PORTC by
                    ; clearing output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0xCF         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISC        ; Set RC<3:0> as inputs
                    ; RC<5:4> as outputs
                    ; RC<7:6> as inputs

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
 1997-2013 Microchip Technology Inc.
FIGURE 5-6: PORTC BLOCK DIAGRAM 
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Note 1: I/O pins have diode protection to VDD and VSS.
2: Port/Peripheral select signal selects between port 

data and peripheral output.
3: Peripheral OE (output enable) is only activated if 

peripheral select is active.
TABLE 5-5: PORTC FUNCTIONS FOR PIC16C62/64

Name Bit# Buffer Type Function

RC0/T1OSI/T1CKI bit0 ST Input/output port pin or Timer1 oscillator input or Timer1 clock input

RC1/T1OSO bit1 ST Input/output port pin or Timer1 oscillator output

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/PWM1 output

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and I2C modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/O (I2C mode).
RC5/SDO bit5 ST Input/output port pin or synchronous serial port data output

RC6 bit6 ST Input/output port pin
RC7 bit7 ST Input/output port pin

Legend: ST = Schmitt Trigger input
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PIC16C6X
6.0 OVERVIEW OF TIMER 
MODULES

All PIC16C6X devices have three timer modules except
for the PIC16C61, which has one timer module. Each
module can generate an interrupt to indicate that an
event has occurred (i.e., timer overflow). Each of these
modules are detailed in the following sections. The
timer modules are: 

• Timer0 module (Section 7.0)

• Timer1 module (Section 8.0)

• Timer2 module (Section 9.0)

6.1 Timer0 Overview

The Timer0 module is a simple 8-bit overflow counter.
The clock source can be either the internal system
clock (Fosc/4) or an external clock. When the clock
source is an external clock, the Timer0 module can be
selected to increment on either the rising or falling
edge. 

The Timer0 module also has a programmable pres-
caler option. This prescaler can be assigned to either
the Timer0 module or the Watchdog Timer. Bit PSA
(OPTION<3>) assigns the prescaler, and bits PS2:PS0
(OPTION<2:0>) determine the prescaler value. TMR0
can increment at the following rates: 1:1 when the pres-
caler is assigned to Watchdog Timer, 1:2, 1:4, 1:8,
1:16, 1:32, 1:64, 1:128, and 1:256.

Synchronization of the external clock occurs after the
prescaler. When the prescaler is used, the external
clock frequency may be higher then the device’s fre-
quency. The maximum frequency is 50 MHz, given the
high and low time requirements of the clock.

6.2 Timer1 Overview

Timer1 is a 16-bit timer/counter. The clock source can
be either the internal system clock (Fosc/4), an external
clock, or an external crystal. Timer1 can operate as
either a timer or a counter. When operating as a coun-
ter (external clock source), the counter can either oper-
ate synchronized to the device or asynchronously to
the device. Asynchronous operation allows Timer1 to
operate during sleep, which is useful for applications
that require a real-time clock as well as the power sav-
ings of SLEEP mode.

TImer1 also has a prescaler option which allows TMR1
to increment at the following rates: 1:1, 1:2, 1:4, and
1:8. TMR1 can be used in conjunction with the Capture/
Compare/PWM module. When used with a CCP mod-
ule, Timer1 is the time-base for 16-bit capture or 16-bit
compare and must be synchronized to the device.

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
 1997-2013 Microchip Technology Inc.
6.3 Timer2 Overview

Timer2 is an 8-bit timer with a programmable prescaler
and a programmable postscaler, as well as an 8-bit
Period Register (PR2). Timer2 can be used with the
CCP module (in PWM mode) as well as the Baud Rate
Generator for the Synchronous Serial Port (SSP). The
prescaler option allows Timer2 to increment at the fol-
lowing rates: 1:1, 1:4, and 1:16.

The postscaler allows TMR2 register to match the
period register (PR2) a programmable number of times
before generating an interrupt. The postscaler can be
programmed from 1:1 to 1:16 (inclusive). 

6.4 CCP Overview

The CCP module(s) can operate in one of three modes:
16-bit capture, 16-bit compare, or up to 10-bit Pulse
Width Modulation (PWM).

Capture mode captures the 16-bit value of TMR1 into
the CCPRxH:CCPRxL register pair. The capture event
can be programmed for either the falling edge, rising
edge, fourth rising edge, or sixteenth rising edge of the
CCPx pin.

Compare mode compares the TMR1H:TMR1L register
pair to the CCPRxH:CCPRxL register pair. When a
match occurs, an interrupt can be generated and the
output pin CCPx can be forced to a given state (High or
Low) and Timer1 can be reset. This depends on control
bits CCPxM3:CCPxM0.

PWM mode compares the TMR2 register to a 10-bit
duty cycle register (CCPRxH:CCPRxL<5:4>) as well as
to an 8-bit period register (PR2). When the TMR2 reg-
ister = Duty Cycle register, the CCPx pin will be forced
low. When TMR2 = PR2, TMR2 is cleared to 00h, an
interrupt can be generated, and the CCPx pin (if an out-
put) will be forced high.

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
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PIC16C6X
FIGURE 7-3: TIMER0 TIMING: INTERNAL CLOCK/PRESCALE 1:2    

FIGURE 7-4: TMR0 INTERRUPT TIMING    
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FLOW
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PIC16C6X
8.5 Resetting Timer1 using a CCP Trigger 
Output

CCP2 is implemented on the PIC16C63/R63/65/65A/
R65/66/67 only.

If CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCPxM3:CCPxM0 = 1011), this signal will reset
Timer1.

Timer1 must be configured for either timer or synchro-
nized counter mode to take advantage of this feature.
If the Timer1 is running in asynchronous counter mode,
this reset operation may not work.

In the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRxL regis-
ters pair effectively becomes the period register for the
Timer1 module. 

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67

Note: The “special event trigger” from the
CCP1and CCP2 modules will not set inter-
rupt flag bit TMR1IF(PIR1<0>).
DS30234E-page  74
8.6 Resetting of TMR1 Register Pair 
(TMR1H:TMR1L)

The TMR1H and TMR1L registers are not reset to 00h
on a POR or any other reset except by the CCP1 or
CCP2  special event trigger.

The T1CON register is reset to 00h on a Power-on
Reset or a Brown-out Reset, which shuts off the timer
and leaves a 1:1 prescaler. In all other resets, the reg-
ister is unaffected.

8.7 Timer1 Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMR1L registers.

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

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

POR,
BOR

Value on
 all other 

resets

0Bh,8Bh
10Bh,18Bh

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

0Ch PIR1 PSPIF(2) (3) RCIF(1) TXIF(1) SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE(2) (3) RCIE(1) TXIE(1) SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

0Eh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register xxxx xxxx uuuu uuuu

0Fh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register xxxx xxxx uuuu uuuu

10h T1CON — — T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON --00 0000 --uu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer1 module.
Note 1: The USART is implemented on the PIC16C63/R63/65/65A/R65/66/67 only.

2: Bits PSPIE and PSPIF are reserved on the PIC16C62/62A/R62/63/R63/66, always maintain these bits clear.
3: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.
 1997-2013 Microchip Technology Inc.



PIC16C6X
TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

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

POR,
BOR

Value on
all other
resets

0Bh,8Bh
10Bh,18Bh

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

0Ch PIR1 PSPIF(2) (3) RCIF(1) TXIF(1) SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE(2) (3) RCIE(1) TXIE(1) SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

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 locations read as '0'. Shaded cells are not used by Timer2.
Note 1: The USART is implemented on the PIC16C63/R63/65/65A/R65/66/67 only.

2: Bits PSPIE and PSPIF are reserved on the PIC16C62/62A/R62/63/R63/66, always maintain these bits clear.
3: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.
DS30234E-page  76  1997-2013 Microchip Technology Inc.



PIC16C6XApplicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
11.3 SPI Mode for PIC16C66/67

This section contains register definitions and opera-
tional characterisitics of the SPI module on the
PIC16C66 and PIC16C67 only.
 1997-2013 Microchip Technology Inc.
FIGURE 11-7: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h)(PIC16C66/67)

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

SMP CKE D/A P S R/W UA BF R = Readable bit
W = Writable bit
U = Unimplemented bit, read 

as ‘0’
- n =Value at POR reset

bit7 bit0

bit 7: SMP: SPI data input sample phase
SPI Master Mode
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave Mode
SMP must be cleared when SPI is used in slave mode

bit 6: CKE: SPI Clock Edge Select (Figure 11-11, Figure 11-12, and Figure 11-13)
CKP = 0
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP = 1
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

bit  5: D/A: Data/Address bit (I2C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

bit  4: P: Stop bit (I2C mode only. This bit is cleared when the SSP module is disabled, or when the Start bit is
detected last, SSPEN is cleared)
1 = Indicates that a stop bit has been detected last (this bit is '0' on RESET)
0 = Stop bit was not detected last

bit  3: S: Start bit (I2C mode only. This bit is cleared when the SSP module is disabled, or when the Stop bit is
detected last, SSPEN is cleared)
1 = Indicates that a start bit has been detected last (this bit is '0' on RESET)
0 = Start bit was not detected last

bit  2: R/W: Read/Write bit information (I2C mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next start bit, stop bit, or ACK bit.
1 = Read
0 = Write

bit  1: UA: Update Address (10-bit I2C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

bit  0: BF: Buffer Full Status bit

Receive (SPI and I2C modes)
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

Transmit (I2C mode only)
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty
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The SS pin allows a synchronous slave mode. The
SPI must be in slave mode (SSPCON<3:0> = 04h)
and the TRISA<5> bit must be set for the synchro-
nous slave mode to be enabled. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,
the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. If the SS pin is taken low without resetting
SPI mode, the transmission will continue from the
point at which it was taken high. External pull-up/
pull-down resistors may be desirable, depending on the
application.
 1997-2013 Microchip Technology Inc.
To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

Note: When the SPI is in Slave Mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

Note: If the SPI is used in Slave Mode with
CKE = '1', then the SS pin control must be
enabled.
FIGURE 11-11: SPI MODE TIMING, MASTER MODE (PIC16C66/67)

FIGURE 11-12: SPI MODE TIMING (SLAVE MODE WITH CKE = 0) (PIC16C66/67)
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FIGURE 11-13: SPI MODE TIMING (SLAVE MODE WITH CKE = 1) (PIC16C66/67) 

TABLE 11-2: REGISTERS ASSOCIATED WITH SPI OPERATION (PIC16C66/67)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on
Power-on

Reset

Value on all 
other resets

0Bh,8Bh,
10Bh,18Bh

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

0Ch PIR1 PSPIF(1) (2) RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE(1) (2) RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx uuuu uuuu

14h SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 0000 0000

85h TRISA — — PORTA Data Direction register --11 1111 --11 1111

87h TRISC PORTC Data Direction register 1111 1111 1111 1111

94h SSPSTAT SMP CKE D/A P S R/W UA BF 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. 
Shaded cells are not used by SSP module in SPI mode.

Note 1: PSPIF and PSPIE are reserved on the PIC16C66, always maintain these bits clear.
2: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.

SCK (CKP = 0)

SDI (SMP = 0)

SSPIF

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

SCK (CKP = 1)

SDO

bit7 bit0

SS 
(not optional)
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11.5.1 SLAVE MODE

In slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. These are if either
(or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 11-4 shows what happens when a data transfer
byte is received, given the status of bits BF and SSPOV.
The shaded cells show the condition where user soft-
ware did not properly clear the overflow condition. Flag
bit BF is cleared by reading the SSPBUF register while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I2C specification as well as the requirement of the SSP
module is shown in timing parameter #100 and param-
eter #101.

11.5.1.1 ADDRESSING

Once the SSP module has been enabled, it waits for a
START condition to occur. Following the START condi-
tion, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
DS30234E-page  100
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit, BF is set.

c) An ACK pulse is generated.
d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set

(interrupt is generated if enabled) - on the falling
edge of the ninth SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave (Figure 11-16). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit R/W (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond address byte. For a 10-bit address the first byte
would equal ‘1111 0 A9 A8 0’, where A9 and A8 are
the two MSbs of the address. The sequence of events
for 10-bit address is as follows, with steps 7- 9 for slave-
transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF, and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address, if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.
TABLE 11-4: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data
Transfer is Received

SSPSR  SSPBUF
Generate ACK

Pulse

Set bit SSPIF
(SSP Interrupt occurs

if enabled)BF SSPOV

0 0 Yes Yes Yes

1 0 No No Yes

1 1 No No Yes

0 1 No No Yes
 1997-2013 Microchip Technology Inc.
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11.5.2 MASTER MODE

Master mode of operation is supported in firmware
using interrupt generation on the detection of the
START and STOP conditions. The STOP (P) and
START (S) bits are cleared from a reset or when the
SSP module is disabled. The STOP (P) and START (S)
bits will toggle based on the START and STOP condi-
tions. Control of the I2C bus may be taken when the P
bit is set, or the bus is idle and both the S and P bits are
clear.

In master mode the SCL and SDA lines are manipu-
lated by clearing the corresponding TRISC<4:3> bit(s).
The output level is always low, irrespective of the
value(s) in PORTC<4:3>. So when transmitting data, a
'1' data bit must have the TRISC<4> bit set (input) and
a '0' data bit must have the TRISC<4> bit cleared (out-
put). The same scenario is true for the SCL line with the
TRISC<3> bit.

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt if enabled):

• START condition

• STOP condition

• Data transfer byte transmitted/received

Master mode of operation can be done with either the
slave mode idle (SSPM3:SSPM0 = 1011) or with the
slave active. When both master and slave modes are
enabled, the software needs to differentiate the
source(s) of the interrupt.
 1997-2013 Microchip Technology Inc.
11.5.3 MULTI-MASTER MODE

In multi-master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a reset or
when the SSP module is disabled. The STOP (P) and
START (S) bits will toggle based on the START and
STOP conditions. Control of the I2C bus may be taken
when bit P (SSPSTAT<4>) is set, or the bus is idle and
both the S and P bits clear. When the bus is busy,
enabling the SSP Interrupt will generate the interrupt
when the STOP condition occurs.

In multi-master operation, the SDA line must be moni-
tored to see if the signal level is the expected output
level. This check only needs to be done when a high
level is output. If a high level is expected and a low level
is present, the device needs to release the SDA and
SCL lines (set TRISC<4:3>). There are two stages
where this arbitration can be lost, these are:

• Address Transfer

• Data Transfer

When the slave logic is enabled, the slave continues to
receive. If arbitration was lost during the address trans-
fer stage, communication to the device may be in prog-
ress. If addressed an ACK pulse will be generated. If
arbitration was lost during the data transfer stage, the
device will need to re-transfer the data at a later time.
TABLE 11-5: REGISTERS ASSOCIATED WITH I2C OPERATION

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

POR,
BOR

Value on all
other resets

0Bh, 8Bh, 
10Bh, 18Bh

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

0Ch PIR1 PSPIF(1) (2) RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE(1) (2) RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx uuuu uuuu

93h SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 0000 0000

14h SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 0000 0000

94h SSPSTAT SMP(3) CKE(3) D/A P S R/W UA BF 0000 0000 0000 0000

87h TRISC PORTC Data Direction register 1111 1111 1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. 
Shaded cells are not used by SSP module in SPI mode.

Note 1: PSPIF and PSPIE are reserved on the PIC16C66, always maintain these bits clear.
2: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.
3: The SMP and CKE bits are implemented on the PIC16C66/67 only. All other PIC16C6X devices have these two bits unim-

plemented, read as '0'.
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12.1 USART Baud Rate Generator (BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In asynchronous
mode bit BRGH (TXSTA<2>) also controls the baud
rate. In synchronous mode bit BRGH is ignored.
Table 12-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined. 

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

FOSC = 16 MHz

Desired Baud Rate = 9600
BRGH = 0

SYNC = 0

Applicable Devices
61 62 62A R62 63 R63 64 64A R64 65 65A R65 66 67
 1997-2013 Microchip Technology Inc.
EXAMPLE 12-1: CALCULATING BAUD RATE 
ERROR

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the FOSC/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register, causes the
BRG timer to be reset (or cleared), this ensures that the
BRG does not wait for a timer overflow before output-
ting the new baud rate. 

Note: For the PIC16C63/R63/65/65A/R65 the
asynchronous high speed mode
(BRGH = 1) may experience a high rate of
receive errors. It is recommended that
BRGH = 0. If you desire a higher baud rate
than BRGH = 0 can support, refer to the
device errata for additional information or
use the PIC16C66/67.

Desired Baud rate = Fosc / (64 (X + 1)) 

9600 = 16000000 /(64 (X + 1))

X = 25.042 = 25

Calculated Baud Rate=16000000 / (64 (25 + 1))

= 9615

Error = (Calculated Baud Rate - Desired Baud Rate) 
Desired Baud Rate

= (9615 - 9600) / 9600

= 0.16%
TABLE 12-1: BAUD RATE FORMULA

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)

0
1

(Asynchronous) Baud Rate = FOSC/(64(X+1))
(Synchronous) Baud Rate = FOSC/(4(X+1))

Baud Rate = FOSC/(16(X+1))
N/A

X = value in SPBRG (0 to 255)

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

POR,
BOR

Value on
all other
Resets

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

18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00x

99h SPBRG Baud Rate Generator Register 0000 0000 0000 0000

Legend: x = unknown, - = unimplemented read as '0'. Shaded cells are not used by the BRG.
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13.5 Interrupts

The PIC16C6X family has up to 11 sources of interrupt.
The interrupt control register (INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits. 

Global interrupt enable bit, GIE (INTCON<7>) enables
(if set) all un-masked interrupts or disables (if cleared)
all interrupts. When bit GIE is enabled, and an interrupt
flag bit and mask bit are set, the interrupt will vector
immediately. Individual interrupts can be disabled
through their corresponding enable bits in the INTCON
register. GIE is cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine as well as sets the GIE bit, which
re-enable interrupts.

The RB0/INT pin interrupt, the RB port change interrupt
and the TMR0 overflow interrupt flag bits are contained
in the INTCON register.

The peripheral interrupt flag bits are contained in spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2 and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, bit GIE is cleared to
disable any further interrupts, the return address is
pushed onto the stack and the PC is loaded with 0004h.
Once in the interrupt service routine the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in soft-
ware before re-enabling interrupts to avoid recursive
interrupts. 

For external interrupt events, such as the RB0/INT pin
or RB port change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs       (Figure 13-
19). The latency is the same for one or two cycle
instructions. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to

Applicable Devices
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Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding 
mask bit or global enable bit, GIE. 
DS30234E-page  136
avoid infinite interrupt requests. Individual interrupt flag
bits are set regardless of the status of their correspond-
ing mask bit or the GIE bit.

Note: For the PIC16C61/62/64/65, if an interrupt
occurs while the Global Interrupt Enable
bit, GIE is being cleared, bit GIE may unin-
tentionally be re-enabled by the user’s
Interrupt Service Routine (the RETFIE
instruction). The events that would cause
this to occur are:

1. An instruction clears the GIE bit while
an interrupt is acknowledged

2. The program branches to the Interrupt
vector and executes the Interrupt Ser-
vice Routine.

3. The Interrupt Service Routine com-
pletes with the execution of the RET-
FIE instruction. This causes the GIE
bit to be set (enables interrupts), and
the program returns to the instruction
after the one which was meant to dis-
able interrupts.

4. Perform the following to ensure that
interrupts are globally disabled.

  LOOP BCF INTCON,GIE    ;Disable Global
                         ;Interrupt bit
       BTFSC INTCON,GIE  ;Global Interrupt
                         ;Disabled?
       GOTO  LOOP        ;NO, try again
       :                 ;Yes, continue
                         ;with program flow
 1997-2013 Microchip Technology Inc.
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20.1 DC Characteristics: PIC16C63/65A-04 (Commercial, Industrial, Extended)
PIC16C63/65A-10 (Commercial, Industrial, Extended)
PIC16C63/65A-20 (Commercial, Industrial, Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +125°C for extended,

-40°C  TA  +85°C for industrial and 
0°C  TA  +70°C for commercial

Param 
No.

Characteristic Sym Min Typ† Max Units Conditions

D001
D001A

Supply Voltage VDD 4.0
4.5

-
-

6.0
5.5

V
V

XT, RC and LP osc configuration
HS osc configuration

D002* RAM Data Retention
Voltage (Note 1)

VDR - 1.5 - V

D003 VDD start voltage to
ensure internal Power-on 
Reset signal

VPOR - VSS - V See section on Power-on Reset for details

D004* VDD rise rate to ensure 
internal Power-on Reset 
signal

SVDD 0.05 - - V/ms See section on Power-on Reset for details

D005 Brown-out Reset Voltage BVDD 3.7 4.0 4.3 V BODEN configuration bit is enabled

3.7 4.0 4.4 V Extended Range Only

D010

D013

D015*

Supply Current (Note 2, 5)

Brown-out Reset Current 
(Note 6)

IDD

IBOR

-

-

-

2.7

10

350

5

20

425

mA

mA

A

XT, RC, osc config  FOSC = 4 MHz, 
VDD = 5.5V (Note 4)

HS osc config FOSC = 20 MHz, VDD = 5.5V

BOR enabled, VDD = 5.0V

D020
D021
D021A
D021B

D023*

Power-down Current 
(Note 3, 5)

Brown-out Reset Current 
(Note 6)

IPD

IBOR

-
-
-
-

-

10.5
1.5
1.5
2.5

350

42
16
19
19

425

A
A
A
A

A

VDD = 4.0V, WDT enabled,-40C to +85C
VDD = 4.0V, WDT disabled,-0C to +70C
VDD = 4.0V, WDT disabled,-40C to +85C
VDD = 4.0V, WDT disabled,-40C to +125C

BOR enabled, VDD = 5.0V

* 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 is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD, 
MCLR = VDD; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-
sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and VSS. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: Timer1 oscillator (when enabled) adds approximately 20 A to the specification. This value is from character-
ization and is for design guidance only. This is not tested.

6: The  current is the additional current consumed when this peripheral is enabled. This current should be 
added to the base IDD or IPD measurement.
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20.3 DC Characteristics: PIC16C63/65A-04 (Commercial, Industrial, Extended)
PIC16C63/65A-10 (Commercial, Industrial, Extended)
PIC16C63/65A-20 (Commercial, Industrial, Extended)
PIC16LC63/65A-04 (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C  TA  +125°C for extended,

-40°C  TA  +85°C for industrial and 
0°C  TA  +70°C for commercial

Operating voltage VDD range as described in DC spec Section 20.1 and 
Section 20.2

Param 
No.

Characteristic Sym Min Typ
†

Max Units Conditions

Input Low Voltage
I/O ports VIL

D030
D030A

with TTL buffer VSS

VSS

-
-

0.15VDD

0.8V
V
V

For entire VDD range
4.5V  VDD  5.5V

D031 with Schmitt Trigger buffer VSS - 0.2VDD V
D032 MCLR, OSC1 (in RC mode) Vss - 0.2VDD V
D033 OSC1 (in XT, HS and LP) Vss - 0.3VDD V Note1

Input High Voltage
I/O ports VIH -

D040 with TTL buffer 2.0 - VDD V 4.5V  VDD  5.5V
D040A 0.25VDD 

+ 0.8V
- VDD V For entire VDD range

D041 with Schmitt Trigger buffer 0.8VDD - VDD V For entire VDD range
D042 MCLR 0.8VDD - VDD V
D042A OSC1 (XT, HS and LP) 0.7VDD - VDD V Note1
D043 OSC1 (in RC mode) 0.9VDD - VDD V
D070 PORTB weak pull-up current IPURB 50 250 400 A VDD = 5V, VPIN = VSS

Input Leakage Current (Notes 2, 3)
D060 I/O ports IIL - - 1 A Vss VPIN VDD, Pin at hi-

impedance
D061 MCLR, RA4/T0CKI - - 5 A Vss VPIN VDD

D063 OSC1 - - 5 A Vss VPIN VDD, XT, HS and 
LP osc configuration

Output Low Voltage
D080 I/O ports VOL - - 0.6 V IOL = 8.5 mA, VDD = 4.5V,

-40C to +85C
D080A - - 0.6 V IOL = 7.0 mA, VDD = 4.5V,

-40C to +125C
D083 OSC2/CLKOUT (RC osc config) - - 0.6 V IOL = 1.6 mA, VDD = 4.5V,

-40C to +85C
D083A - - 0.6 V IOL = 1.2 mA, VDD = 4.5V,

-40C to +125C

* 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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 

PIC16C6X be driven with external clock in RC mode.
2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified 

levels represent normal operating conditions. Higher leakage current may be measured at different input volt-
ages.

3: Negative current is defined as current sourced by the pin.
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FIGURE 20-9: SPI MODE TIMING

TABLE 20-8: SPI MODE REQUIREMENTS

Parameter 
No.

Sym Characteristic Min Typ† Max Units Conditions

70* TssL2scH, 
TssL2scL

SS to SCK or SCK input TCY — — ns

71* TscH SCK input high time (slave mode) TCY + 20 — — ns

72* TscL SCK input low time (slave mode) TCY + 20 — — ns

73* TdiV2scH, 
TdiV2scL

Setup time of SDI data input to SCK 
edge

50 — — ns

74* TscH2diL, 
TscL2diL

Hold time of SDI data input to SCK 
edge

50 — — ns

75* TdoR SDO data output rise time — 10 25 ns

76* TdoF SDO data output fall time — 10 25 ns

77* TssH2doZ SS to SDO output hi-impedance 10 — 50 ns

78* TscR SCK output rise time (master mode) — 10 25 ns

79* TscF SCK output fall time (master mode) — 10 25 ns

80* TscH2doV,
TscL2doV

SDO data output valid after SCK 
edge

— — 50 ns

* 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: Refer to Figure 20-1 for load conditions

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

73
74

75, 76 77

7879
80

7978
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