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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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1.0 DEVICE OVERVIEW
This document contains device-specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual, (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a comple-
mentary document to this data sheet, and is highly rec-
ommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

There a two devices (PIC16C773 and PIC16C774)
covered by this datasheet. The PIC16C773 devices
come in 28-pin packages and the PIC16C774 devices
come in 40-pin packages. The 28-pin devices do not
have a Parallel Slave Port implemented.

The following two figures are device block diagrams
sorted by pin number; 28-pin for Figure 1-1 and 40-pin
for Figure 1-2.  The 28-pin and 40-pin pinouts are listed
in Table 1-1 and Table 1-2, respectively.

FIGURE 1-1: PIC16C773 BLOCK DIAGRAM
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2.2.2.5 PIR1 REGISTER

This register contains the individual flag bits for the
peripheral interrupts.

FIGURE 2-7: 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 soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

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

PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7: PSPIF(1): Parallel Slave Port Read/Write Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

bit  6: ADIF: A/D Converter Interrupt Flag bit 
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete 

bit  5: RCIF: USART Receive Interrupt Flag bit 
1 = The USART receive buffer is full (cleared by reading RCREG)
0 = The USART receive buffer is empty

bit  4: TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty  (cleared by writing to TXREG)
0 = The USART transmit buffer is full

bit  3: SSPIF: Synchronous Serial Port Interrupt Flag bit 
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

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

Note 1: PSPIF is reserved on the 28-pin devices, always maintain this bit clear.
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2.2.2.7 PIR2 REGISTER

This register contains the CCP2, SSP Bus Collision,
and Low-voltage detect interrupt flag bits.

.

FIGURE 2-9: PIR2 REGISTER (ADDRESS 0Dh)

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 soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

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

LVDIF — — — BCLIF — — CCP2IF R = Readable bit
W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit 7: LVDIF: Low-voltage Detect Interrupt Flag bit
1 = The supply voltage has fallen below the specified LVD voltage (must be cleared in software)
0 = The supply voltage is greater than the specified LVD voltage

bit 6-4: Unimplemented: Read as '0'

bit 3: BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision has occurred while the SSP module configured in I2C Master was transmitting
(must be cleared in software)
0 = No bus collision occurred

bit 2-1: Unimplemented: Read as '0'

bit  0: CCP2IF: CCP2 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
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2.3 PCL and  PCLATH

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writable. All updates
to the PCH register go through the PCLATH register. 

2.3.1 STACK

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Midrange devices have an 8 level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

2.4 Program Memory Paging

PIC16C77X devices are capable of addressing a con-
tinuous 8K word block of program memory. The CALL
and GOTO instructions provide only 11 bits of address
to allow branching within any 2K program memory
page. When doing a CALL or GOTO instruction the
upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).
DS30275B-page  24 Advance Information  1999-2013 Microchip Technology Inc.
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TABLE 3-5 PORTC FUNCTIONS 

TABLE 3-6 SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Name Bit# Buffer Type Function

RC0/T1OSO/T1CKI bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input

RC1/T1OSI/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 
input/Compare2 output/PWM2 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/TX/CK bit6 ST Input/output port pin or USART Asynchronous transmit or 
Synchronous clock

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous receive or 
Synchronous data

Legend: ST = Schmitt Trigger input

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

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RC0 xxxx xxxx uuuu uuuu

87h TRISC PORTC Data Direction Register 1111 1111 1111 1111

Legend: x = unknown, u = unchanged.
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FIGURE 3-15: PARALLEL SLAVE PORT READ WAVEFORMS  

TABLE 3-11 REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

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

08h PORTD Port data latch when written: Port pins when read xxxx xxxx uuuu uuuu

09h PORTE — — — — — RE2 RE1 RE0 ---- -xxx ---- -uuu

89h TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction Bits 0000 -111 0000 -111

0Ch PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

8Ch PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

9Fh ADCON1 ADFM VCFG2 VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Parallel Slave Port.
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4.0 TIMER0 MODULE
The Timer0 module timer/counter has the following fea-
tures:

• 8-bit timer/counter

• Readable and writable

• Internal or external clock select

• Edge select for external clock

• 8-bit software programmable prescaler
• Interrupt on overflow from FFh to 00h

Figure 4-1 is a simplified block diagram of the Timer0
module.

Additional information on timer modules is available in
the PICmicro™ Mid-Range Reference Manual,
(DS33023).

4.1 Timer0 Operation

Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing bit T0CS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMR0 register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMR0 register.

Counter mode is selected by setting bit T0CS
(OPTION_REG<5>). In counter mode, Timer0 will
increment either on every rising or falling edge of pin
RA4/T0CKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit T0SE
(OPTION_REG<4>). Clearing bit T0SE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in below.

When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (TOSC). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

Additional information on external clock requirements
is available in the PICmicro™ Mid-Range Reference
Manual, (DS33023).

4.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 4-2). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

The prescaler is not readable or writable.

The PSA and PS2:PS0 bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable. 

Setting bit PSA will assign the prescaler to the Watch-
dog Timer (WDT). When the prescaler is assigned to
the WDT, prescale values of 1:1, 1:2, ..., 1:128 are
selectable.

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 WDT.  

FIGURE 4-1: TIMER0 BLOCK DIAGRAM    

Note: Writing to TMR0 when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.

Note 1: T0CS, T0SE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).

RA4/T0CKI

T0SE

0

1

1

0
pin

T0CS

FOSC/4

Programmable
Prescaler

Sync with
Internal
clocks

TMR0

PSout

(2 cycle delay)

PSout

Data bus

8

PSAPS2, PS1, PS0
Set interrupt
flag bit T0IF
on overflow

3

 1999-2013 Microchip Technology Inc. Advance Information DS30275B-page  39



PIC16C77X

774.book  Page 40  Tuesday, January 29, 2013  12:02 PM
4.2.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program
execution.  

4.3 Timer0 Interrupt

The TMR0 interrupt is generated when the TMR0 reg-
ister overflows from FFh to 00h. This overflow sets bit
T0IF (INTCON<2>). The interrupt can be masked by
clearing bit T0IE (INTCON<5>). Bit T0IF must be
cleared in software by the Timer0 module interrupt ser-
vice routine before re-enabling this interrupt. The
TMR0 interrupt cannot awaken the processor from
SLEEP since the timer is shut off during SLEEP.

FIGURE 4-2: BLOCK DIAGRAM OF THE TIMER0/WDT PRESCALER     

TABLE 4-1 REGISTERS ASSOCIATED WITH TIMER0 

Note: To avoid an unintended device RESET, a
specific instruction sequence (shown in the
PICmicro™ Mid-Range Reference Man-
ual, DS33023) must be executed when
changing the prescaler assignment from
Timer0 to the WDT. This sequence must
be followed even if the WDT is disabled.

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

01h,101h TMR0 Timer0 module’s register xxxx xxxx uuuu uuuu

0Bh,8Bh,
10Bh,18Bh

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

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

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

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
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PSA

WDT Enable bit

M
U
X

0

1 0

1

Data Bus

Set flag bit T0IF
on Overflow

8

PSA
T0CS
DS30275B-page  40 Advance Information  1999-2013 Microchip Technology Inc.



PIC16C77X

774.book  Page 47  Tuesday, January 29, 2013  12:02 PM
7.0 CAPTURE/COMPARE/PWM 
(CCP) MODULE(S)

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register which can operate as a 16-bit capture
register, as a 16-bit compare register or as a PWM
master/slave Duty Cycle register. Table 7-1 shows the
timer resources of the CCP module modes.

The operation of CCP1 is identical to that of CCP2, with
the exception of the special trigger.  Therefore, opera-
tion of a CCP module in the following sections is
described with respect to CCP1.

Table 7-2 shows the interaction of the CCP modules.

CCP1 Module

Capture/Compare/PWM Register1 (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.

CCP2 Module

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

Additional information on the CCP module is available
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

TABLE 7-1 CCP MODE - TIMER 
RESOURCE

TABLE 7-2 INTERACTION OF TWO CCP MODULES

FIGURE 7-1: CCP1CON REGISTER (ADDRESS 17h) / CCP2CON REGISTER (ADDRESS 1Dh)   

CCP Mode Timer Resource

Capture
Compare

PWM

Timer1
Timer1
Timer2

CCPx Mode CCPy Mode Interaction

Capture Capture Same TMR1 time-base.

Capture Compare The compare should be configured for the special event trigger, which clears TMR1.

Compare Compare The compare(s) should be configured for the special event trigger, which clears TMR1.

PWM PWM The PWMs will have the same frequency, and update rate (TMR2 interrupt).

PWM Capture None

PWM Compare None

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

— — CCPxX CCPxY CCPxM3 CCPxM2 CCPxM1 CCPxM0 R = Readable bit
W = Writable bit
U = Unimplemented bit, read 

as ‘0’
- n =Value at POR reset

bit7 bit0

bit 7-6: Unimplemented: Read as '0'

bit  5-4: CCPxX:CCPxY: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

bit  3-0: CCPxM3:CCPxM0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)
1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is unaffected)
1011 = Compare mode, trigger special event (CCPxIF bit is set; CCP1 resets TMR1; CCP2 resets TMR1

and starts an A/D conversion (if A/D module is enabled))
11xx = PWM mode
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FIGURE 8-8: SPI SLAVE MODE WAVEFORM (CKE = 0)       

FIGURE 8-9: SPI SLAVE MODE WAVEFORM (CKE = 1)      
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8.2.11 I2C MASTER MODE TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address is accomplished by simply writ-
ing a value to SSPBUF register.  This action will set the
buffer full flag (BF) and allow the baud rate generator to
begin counting and start the next transmission.  Each
bit of address/data will be shifted out onto the SDA pin
after the falling edge of SCL is asserted (see data hold
time spec).    SCL is held low for one baud rate gener-
ator roll over count (TBRG).  Data should be valid before
SCL is released high (see Data setup time spec).
When the SCL pin is released high, it is held that way
for TBRG,  the data on the SDA pin must remain stable
for that duration and some hold time after the next fall-
ing edge of SCL.  After the eighth bit is shifted out (the
falling edge of the eighth clock), the BF flag is cleared
and the master releases SDA allowing the slave device
being addressed to respond with an ACK  bit during the
ninth bit time, if an address match occurs or if data was
received properly.   The status of ACK is read into the
AKDT on the falling edge of the ninth clock.  If the mas-
ter receives an acknowledge, the acknowledge status
bit (AKSTAT) is cleared.  If not, the bit is set.  After the
ninth clock the SSPIF is set, and the master clock
(baud rate generator) is suspended until the next data
byte is loaded into the SSPBUF leaving SCL low and
SDA unchanged (Figure 8-26).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock the master will de-assert
the SDA pin allowing the slave to respond with an
acknowledge. On the falling edge of the ninth clock the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the AKSTAT status bit (SSPCON2<6>). Fol-
lowing the falling edge of the ninth clock transmission
of the address, the SSPIF is set, the BF flag is cleared,
and the baud rate generator is turned off until another
write to the SSPBUF takes place, holding SCL low and
allowing SDA to float.

8.2.11.7 BF STATUS FLAG

In transmit mode, the BF bit (SSPSTAT<0>) is set when
the CPU writes to SSPBUF and is cleared when all 8
bits are shifted out.

8.2.11.8 WCOL STATUS FLAG

If the user writes the SSPBUF when a transmit is
already in progress (i.e. SSPSR is still shifting out a
data byte), then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur). 

WCOL must be cleared in software.

8.2.11.9 AKSTAT STATUS FLAG

In transmit mode, the AKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an acknowledge
(ACK = 0), and  is set when the slave does not acknowl-
edge (ACK = 1).  A slave sends an acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.
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8.2.12 I2C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
receive enable bit, RCEN (SSPCON2<3>).       

The baud rate generator begins counting, and  on each
rollover, the state of the SCL pin changes (high to low/
low to high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag is set,
the SSPIF is set, and the baud rate generator is sus-
pended from counting, holding SCL low. The SSP is
now in IDLE state, awaiting the next command. When
the buffer is read by the CPU, the BF flag is automati-
cally cleared. The user can then send an acknowledge
bit at the end of reception, by setting the acknowledge
sequence enable bit, AKEN (SSPCON2<4>).

8.2.12.10 BF STATUS FLAG

In receive operation, BF is set when an address or data
byte is loaded into SSPBUF from SSPSR. It is cleared
when SSPBUF is read.

8.2.12.11 SSPOV STATUS FLAG

In receive operation, SSPOV is set when 8 bits are
received into the SSPSR, and the BF flag is already set
from a previous reception.

8.2.12.12 WCOL STATUS FLAG

If the user writes the SSPBUF when a receive is
already in progress (i.e. SSPSR is still shifting in a data
byte), then WCOL is set and the contents of the buffer
are unchanged (the write doesn’t occur).

Note: The SSP Module must be in an IDLE
STATE before the RCEN bit is set, or the
RCEN bit will be disregarded.  
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8.2.15 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit, or repeated start/stop condition, de-
asserts the SCL pin (SCL allowed to float high).   When
the SCL pin is allowed to float high, the baud rate gen-
erator (BRG) is suspended from counting until the SCL
pin is actually sampled high.  When the SCL pin is sam-
pled high, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and begins counting.  This
ensures that the SCL high time will always be at least
one BRG rollover count in the event that the clock is
held low by an external device (Figure 8-33).

8.2.16 SLEEP OPERATION

While in sleep mode, the I2C module can receive
addresses or data, and when an address match or
complete byte transfer occurs wake the processor from
sleep ( if the SSP interrupt is enabled).

8.2.17 EFFECTS OF A RESET

A reset disables the SSP module and terminates the
current transfer.

FIGURE 8-33: CLOCK ARBITRATION TIMING IN MASTER TRANSMIT MODE      

SCL

SDA

BRG overflow,
Release SCL,
If SCL = 1  Load BRG with
SSPADD<6:0>, and start count BRG overflow occurs,

Release SCL, Slave device holds SCL low.
SCL = 1  BRG starts counting
clock high interval.

SCL line sampled once every machine cycle (Tosc  4).
Hold off BRG until SCL is sampled high.

TBRG TBRG TBRG

to measure high time interval
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FIGURE 9-6: USART RECEIVE BLOCK DIAGRAM

FIGURE 9-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
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Note: This timing diagram shows a data byte followed by an address byte.   The data byte is not read into the RCREG (receive buffer)

Bit8 = 0, Data Byte Bit8 = 1, Address Byte

        because ADDEN = 1.
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10.3 Low-voltage Detect (LVD)

This module is used to generate an interrupt when the
supply voltage falls below a specified “trip” voltage.
This module operates completely under software

control.   This allows a user to power the module on
and off to periodically monitor the supply voltage, and
thus minimize total current consumption.

FIGURE 10-3: BLOCK DIAGRAM OF LVD AND VOLTAGE REFERENCE CIRCUIT

The LVD module is enabled by setting the LVDEN bit in
the LVDCON register.  The “trip point” voltage is the
minimum supply voltage level at which the device can
operate before the LVD module asserts an interrupt.
When the supply voltage is equal to or less than the trip
point, the module will generate an interrupt signal set-
ting interrupt flag bit LVDIF. If interrupt enable bit LVDIE
was set, then an interrupt is generated. The LVD inter-
rupt can wake the device from sleep. The "trip point"
voltage is software programmable to any one of 16 val-
ues, five of which are reserved (See Figure 10-1).  The
trip point is selected by programming the LV3:LV0 bits
(LVDCON<3:0>).

Once the LV bits have been programmed for the speci-
fied trip voltage, the low-voltage detect circuitry is then
enabled by setting the LVDEN (LVDCON<4>) bit. 

If the bandgap reference voltage is previously unused
by either the brown-out circuitry or the voltage refer-
ence circuitry, then the bandgap circuit requires a time
to start-up and become stable before a low voltage con-
dition can be reliably detected. The low-voltage inter-
rupt flag is prevented from being set until the bandgap
has reached a stable reference voltage. 

When the bandgap is stable the BGST (LVDCON<5>)
bit is set indicating that the low-voltage interrupt flag bit
is released to be set if VDD is equal to or less than the
LVD trip point.

10.3.1 EXTERNAL ANALOG VOLTAGE INPUT

The LVD module has an additional feature that allows
the user to supply the trip voltage to the module from
an external source.  This mode is enabled when
LV3:LV0 = 1111.  When these bits are set the compar-
ator input is multiplexed from an external input pin
(RB3/AN9/LVDIN.

VDD

LVD

16
 to

 1
 M

U
X

BGAP

A/D Ref = 4.096V

A/D Ref = 2.048V
EN

LVDCON REFCON

BODEN

LVDEN
VRxEN

RB3/AN9/LVDIN

VDD

Note: The LVDIF bit can not be cleared until the
supply voltage rises above the LVD trip
point.  If interrupts are enabled, clear the
LVDIE bit once the first LVD interrupt
occurs to prevent reentering the interrupt
service routine immediately after exiting
the ISR.
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11.4 Selecting the A/D Conversion Clock

The A/D conversion cycle requires 13TAD: 1 TAD for set-
tling time, and 12 TAD for conversion.  The source of the
A/D conversion clock is software selected. The four
possible options for TAD are:

• 2 TOSC

• 8 TOSC

• 32 TOSC 

• Internal RC oscillator

Note that these options are the same as those of the
8-bit A/D.

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 1.6 s. Table 11-1 shows the resultant TAD times
derived from the device operating frequencies and the
A/D clock source selected.

The ADIF bit is set on the rising edge of the 14th TAD.
The GO/DONE bit is cleared on the falling edge of the
14th TAD.

TABLE 11-1 TAD vs. DEVICE OPERATING FREQUENCIES  

11.5 A/D Conversions

Figure 11-5 shows an example that performs an A/D
conversion. The port pins are configured as analog
inputs. The analog reference VREF+ is the device AVDD

and the analog reference VREF- is the device AVSS. The
A/D interrupt is enabled, and the A/D conversion clock
is TRC. The conversion is performed on the AN0 chan-
nel.

FIGURE 11-4: PERFORMING AN A/D CONVERSION

BCF PIR1, ADIF ;Clear A/D Int Flag
BSF STATUS, RP0 ;Select Page 1
CLRF ADCON1 ;Configure A/D Inputs
BSF PIE1, ADIE ;Enable A/D interrupt
BCF STATUS, RP0 ;Select Page 0
MOVLW 0xC1 ;RC clock, A/D is on,

;Ch 0 is selected
MOVWF ADCON0 ;
BSF INTCON, PEIE ;Enable Peripheral 
BSF INTCON, GIE ;Enable All Interrupts

;
; Ensure that the required sampling time for the
; selected input channel has lapsed. Then the 
; conversion may be started.

BSF ADCON0, GO ;Start A/D Conversion
: ;The ADIF bit will be 

;set and the GO/DONE bit 
: ;cleared upon completion-

;of the A/D conversion.

AD Clock Source (TAD) Device Frequency

Operation ADCS<1:0> 20 MHz 5 MHz 4 MHz 1.25 MHz

2 TOSC 00 100 ns(2) 400 ns(2) 500 ns(2) 1.6 s

8 TOSC 01 800 ns(2) 1.6 s 2.0 s 6.4 s

32 TOSC 10 1.6 s 6.4 s 8.0 s(3) 24 s(3)

RC 11 2 - 6 s(1,4) 2 - 6 s(1,4) 2 - 6 s(1,4) 2 - 6 s(1,4)

Note 1: The RC source has a typical TAD time of 4 s for VDD > 3.0V.
2: These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.
4: When the device frequency is greater than 1 MHz, the RC A/D conversion clock source is only recommended if the conver-

sion will be performed during sleep.
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FIGURE 11-5: FLOWCHART OF A/D OPERATION 
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15.4 DC Characteristics: VREF

TABLE 15-2 ELECTRICAL CHARACTERISTICS: VREF

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -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 15.1 and Section 15.2.

Param 
No.

Characteristic Symbol Min Typ† Max Units Conditions

D400 Output Voltage VRL 2.0 2.048 2.1 V VDD  2.5V
VRH 4.0 4.096 4.2 V VDD  4.5V

D401A VRL Quiescent Supply Current IVRL — 70 TBD A No load on VRL.
D401B VRH Quiescent Supply Current IVRH — 70 TBD A No load on VRH.
D402 Ouput Voltage Drift TCVOUT — 15* 50* ppm/°C Note 1
D404 External Load Source IVREFSO — — 5* mA
D405 External Load Sink IVREFSI — — -5* mA
D406 Load Regulation

VOUT/
IOUT

— 1 TBD*

mV/mA

Isource  = 0 mA to 
5 mA

— 1 TBD* Isink  = 0 mA to 
5 mA

D407 Line Regulation VOUT/
VDD

— — 50* V/V

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5V, 25C unless otherwise stated.  These parameters are for design guidance 

only and are not tested.
Note 1: Production tested at TAMB = 25°C. Specifications over temp limits guaranteed by characterization.
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17.10 K04-048 44-Lead Plastic Leaded Chip Carrier (L) – Square

* Controlling Parameter.
† Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 

(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.”
‡ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 

exceed 0.010" (0.254 mm) per side or 0.020" (0.508 mm) more than dimensions “D” or “E.”
JEDEC equivalent:MO-047 AC

0.015
0.003
0.050
0.015
0.026
0.008

0.610
0.610
0.650
0.650
0.685
0.685
0.000
0.040
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0.015
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0
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Note: For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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