Microchip Technology - PIC16F876AT-E/ML Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

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"

Active

PIC

8-Bit

20MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
22

14KB (8K x 14)

FLASH

256 x 8

368 x 8

4V ~ 5.5V

A/D 5x10b

External

-40°C ~ 125°C (TA)
Surface Mount
28-VQFN Exposed Pad
28-QFN (6x6)

https://www.e-xfl.com/product-detail/microchip-technology/pic16f876at-e-ml

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16f876at-e-ml-4394398
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP,SOIC, | QFN | I/O/P Buffer Descrintion
SSOP Pin# | Pin# | Type Type P
PORTB is a bidirectional /0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INT 21 18 TTL/STY
RBO lfe} Digital I/O.
INT | External interrupt.
RB1 22 19 110 TTL Digital I/0.
RB2 23 20 110 TTL Digital 1/0.
RB3/PGM 24 21 TTL
RB3 110 Digital I/O.
PGM | Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 110 TTL Digital I/O.
RB5 26 23 110 TTL Digital I/O.
RB6/PGC 27 24 TTL/IST®
RB6 110 Digital I/0.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTUST®
RB7 lfe} Digital I/O.
PGD 110 In-circuit debugger and ICSP programming data.
PORTC is a bidirectional I/O port.
RCO/T10SO/T1CKI 11 8 ST
RCO l{e] Digital 1/0.
T10SO (@] Timer1 oscillator output.
T1CKI | Timerl external clock input.
RC1/T10SI/CCP2 12 9 ST
RC1 lfe} Digital I/0.
T10SI | Timer1 oscillator input.
CCP2 110 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 lfe} Digital I/O.
CCP1 110 Capturel input, Comparel output, PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 110 Digital 1/0.
SCK 110 Synchronous serial clock input/output for SPI mode.
SCL 110 Synchronous serial clock input/output for 1°C mode.
RC4/SDI/SDA 15 12 ST
RC4 110 Digital 1/0.
SDI | SPI data in.
SDA 110 12C data I/O.
RC5/SDO 16 13 ST
RC5 lfe} Digital I/O.
SDO (0] SPI data out.
RC6/TX/CK 17 14 ST
RC6 110 Digital 1/0.
TX O USART asynchronous transmit.
CK 110 USART1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 110 Digital 1/0.
RX | USART asynchronous receive.
DT 1/0 USART synchronous data.
Vss 8, 19 56 P — Ground reference for logic and 1/O pins.
VDD 20 17 P — Positive supply for logic and I/O pins.
Legend: |=input O = output I/O = input/output P = power

—=Notused 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.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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PIC16F87XA

3.6 Writing to Flash Program Memory

Flash program memory may only be written to if the
destination address is in a segment of memory that is
not write-protected, as defined in bits WRT1:WRTO of
the device configuration word (Register 14-1). Flash
program memory must be written in four-word blocks. A
block consists of four words with sequential addresses,
with a lower boundary defined by an address, where
EEADR<1:0> = 00. At the same time, all block writes to
program memory are done as erase and write opera-
tions. The write operation is edge-aligned and cannot
occur across boundaries.

To write program data, it must first be loaded into the
buffer registers (see Figure 3-1). This is accomplished
by first writing the destination address to EEADR and
EEADRH and then writing the data to EEDATA and
EEDATH. After the address and data have been set up,
then the following sequence of events must be
executed:

1. Setthe EEPGD control bit (EECON1<7>).

2. Write 55h, then AAh, to EECON2 (Flash
programming sequence).

3. Set the WR control bit (EECON1<1>).

All four buffer register locations MUST be written to with
correct data. If only one, two or three words are being
written to in the block of four words, then a read from
the program memory location(s) not being written to
must be performed. This takes the data from the pro-
gram location(s) not being written and loads it into the
EEDATA and EEDATH registers. Then the sequence of
events to transfer data to the buffer registers must be
executed.

To transfer data from the buffer registers to the program
memory, the EEADR and EEADRH must point to the last
location in the four-word block (EEADR<1:0> = 11).
Then the following sequence of events must be
executed:

1. Setthe EEPGD control bit (EECON1<7>).

2. Write 55h, then AAh, to EECON2 (Flash
programming sequence).

3. Set control bit WR (EECON1<1>) to begin the
write operation.

The user must follow the same specific sequence to ini-
tiate the write for each word in the program block, writ-
ing each program word in sequence (00,01,10,11).
When the write is performed on the last word
(EEADR<1:0> = 11), the block of four words are
automatically erased and the contents of the buffer
registers are written into the program memory.

After the “BSF EECON1, WR” instruction, the processor
requires two cycles to set up the erase/write operation.
The user must place two NOP instructions after the WR
bit is set. Since data is being written to buffer registers,
the writing of the first three words of the block appears
to occur immediately. The processor will halt internal
operations for the typical 4 ms, only during the cycle in
which the erase takes place (i.e., the last word of the
four-word block). This is not Sleep mode as the clocks
and peripherals will continue to run. After the write
cycle, the processor will resume operation with the third
instruction after the EECON1 write instruction. If the
sequence is performed to any other location, the action
is ignored.

FIGURE 3-1: BLOCK WRITES TO FLASH PROGRAM MEMORY
7 5 07 0
EEDATH EEDATA Four words of
Flash are erased,
6 8 then all buffers
are transferred
N\ V) to Flash_
t ticall
First word of block M g]tie?'r?haislcvio?'/d
to be written is written

EEADR<1:0> = 00

EEADR<1:0> =01

EEADR<1:0>=10

\5‘ Buffer Register |

| Buffer Register ‘

} l

EEADR<1:0> =11

Buffer Register | ‘ Buffer Register ‘

l l

Program Memory
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8.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the
following:

« Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

The type of event is configured by control bits,
CCP1M3:CCP1M0O (CCPxCON<3:0>). When a cap-
ture is made, the interrupt request flag bit, CCP1IF
(PIR1<2>), is set. The interrupt flag must be cleared in
software. If another capture occurs before the value in

register CCPR1 is read, the old captured value is
overwritten by the new value.

8.1.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be
configured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a

Capture condition.

FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
Set Flag bit CCPLIF
(PIR1<2>)
Prescaler
X +1,4,16
RCACPL ‘ | ccprin | copril |
j and—t Capture
Edge Detect " Enable
)( ,F | TMR1H | TMRIL |
CCP1CON<3:0>

Qs

8.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode, or Synchro-
nized Counter mode, for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit, CCP1IF, following any such
change in operating mode.

8.14 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. Any Reset will clear
the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN

CAPTURE PRESCALERS

CLRF CCP1CON ; Turn CCP module off
MOVLW NEW_CAPT PS ; Load the W reg with

; the new prescaler

; move value and CCP ON
; Load CCP1CON with this
; value

MOVWF CCP1CON

© 2001-2013 Microchip Technology Inc.
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8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC I/O data

latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3 “ Setup
for PWM Operation”.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers —— CCP1CON<5:4>
RC2/CCP1
‘ Comparator i R Q
B
‘ TMR2 ‘(Note 1)|
—S
Comparator TRISC<2>
Clear Timer,
4 CCP1 pin and
PR2 latch D.C.

Note 1. The 8-bit timer is concatenated with 2-bit internal Q
clock, or 2 bits of the prescaler, to create 10-bit time
base.

A PWM output (Figure 8-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT

Period

N

I
Duty Cycle , |

Z TMR2 = PR2
Z TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM Period = [(PR2) + 1] * 4 « TOSC *
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].

When TMR?2 is equal to PR2, the following three events
occur on the next increment cycle:
 TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

* The PWM duty cycle is latched from CCPRL1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 7.1
“Timer2 Prescaler and Postscaler”) is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different

frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL 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:

PWM Duty Cycle =(CCPR1L:CCP1CON<5:4>)«
Tosc » (TMR2 Prescale Value)

CCPRI1L 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 CCPRI1H register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitch-free 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.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the following formula.

EQUATION 8-1:

o (Fosc
Resolution = “99\Fpwm/ bits

log(2)

Note:  If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.

© 2001-2013 Microchip Technology Inc.
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9.3.8 SLEEP OPERATION

In Master mode, all module clocks are halted and the
transmission/reception will remain in that state until the
device wakes from Sleep. After the device returns to
normal mode, the module will continue to transmit/
receive data.

In Slave mode, the SPI Transmit/Receive Shift register
operates asynchronously to the device. This allows the
device to be placed in Sleep mode and data to be
shifted into the SPI Transmit/Receive Shift register.
When all 8 bits have been received, the MSSP interrupt
flag bit will be set and if enabled, will wake the device
from Sleep.

9.3.9 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

9.3.10 BUS MODE COMPATIBILITY

Table 9-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits.

TABLE 9-1: SPI BUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, 0 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0

There is also a SMP bit which controls when the data is
sampled.

TABLE 9-2: REGISTERS ASSOCIATED WITH SPI OPERATION
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
INTCON | GIE/ | PEIE/ |[TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF [0000 000x[0000 000u
GIEH GIEL
PIR1 PSPIFD | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE [0000 0000{0000 0000
TRISC PORTC Data Direction Register 1111 1111{1111 1111
SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX|uuuu uuuu
SSPCON | WCOL |SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO [0000 0000[0000 0000
TRISA — PORTA Data Direction Register --11 1111|--11 1111
SSPSTAT | smp | cke | DA | P | | RW | uva | BF 0000 0000|0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’.

Shaded cells are not used by the MSSP in SPI mode.

Note 1:

The PSPIF, PSPIE and PSPIP bits are reserved on 28-pin devices; always maintain these bits clear.

© 2001-2013 Microchip Technology Inc.
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1°C SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 7-BIT ADDRESS)

FIGURE 9-8:

(0 = NIS uaym ,0, 03 19S31 10U S0P dMD) a3

‘JUSs JoU SI MOV “lIng (1S

S 4N9dSS asnessq
1es s! >On_wm$

(<9>NODdSS) AOdSS

peal sl 4N9dsSs
21eMY0s Ul paes|d |_«

JETSTLENY
sareuw.a)
JaiseW sng

(<e>TdId)

_ (<0>1v1SdsSS) 49

JIdSS

vdas

MOV ereq Buinieoay MOV ejeq Buinoay 0= ssaIppy Buineoay et
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9.4.5 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the 1°C bus is such that
the first byte after the Start condition usually determines
which device will be the slave addressed by the master.
The exception is the general call address which can
address all devices. When this address is used, all
devices should, in theory, respond with an Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the I°C protocol. It
consists of all ‘0’s with R/W = 0.

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
set). Following a Start bit detect, 8 bits are shifted into
the SSPSR and the address is compared against the
SSPADD. It is also compared to the general call
address and fixed in hardware.

FIGURE 9-15:

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit) and on the falling edge of the ninth bit (ACK bit), the
SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-bit Address mode, then the second
half of the address is not necessary, the UA bit will not
be set and the slave will begin receiving data after the
Acknowledge (Figure 9-15).

SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
(7 OR 10-BIT ADDRESS MODE)

General Call Address

1 After ACK, set interrupt.

R/W =0

Address is compared to general call address.

Receiving Data ACK

AcK/ b7 X b6 X D504 X D34 D2 X DX DO}

SDA T\

SCL

L3

SSPIF

—

BF (SSPSTAT<0>)

SSPOV (SSPCON<6>)

I I— Cleared in software
SSPBUF is read

GCEN (SSPCON2<7>)

.: li
— ﬁ
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10.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 10-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter, operating at x16 times the
baud rate; whereas the main receive serial shifter
operates at the bit rate or at Fosc.

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

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

is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the Stop bit of the third byte, if the RCREG register is
still full, the Overrun Error bit, OERR (RCSTA<1>), will
be set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in
the FIFO. Overrun bit OERR has to be cleared in soft-
ware. This is done by resetting the receive logic (CREN
is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited and no further data will be received. It is, therefore,
essential to clear error bit OERR if it is set. Framing
error bit, FERR (RCSTA<2>), is set if a Stop bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore, it is essential for the user to read the
RCSTA register before reading the RCREG register in
order not to lose the old FERR and RX9D information.

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM
.- _X_6‘_1 I_3§l{d_F§a_te_ ?ITK - | OERR | FERR
; ; CREN
Fose SPBRG ; o 1 _____ T __________ T _______
l l +g‘;1 © MSh RSR Register LSb
" Baud Rate Generator +16 Stop |(8)] 7| ees |1| O] Start |,
RC7/RX/DT R R
Pin Buffer Data
and Control Recovery RX9

SPEN

Interrupt

RX9D| RCREG Register
FIFO

8

Data Bus
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12.0 COMPARATOR MODULE

The comparator module contains two analog compara-
tors. The inputs to the comparators are multiplexed
with 1/0O port pins RAO through RA3, while the outputs
are multiplexed to pins RA4 and RA5. The on-chip volt-
age reference (Section 13.0 “Comparator Voltage
Reference Module”) can also be an input to the
comparators.

REGISTER 12-1: CMCON REGISTER

R-0 R-0 R/W-0

The CMCON register (Register 12-1) controls the com-
parator input and output multiplexers. A block diagram
of the various comparator configurations is shown in
Figure 12-1.

R/W-0 R/W-0 R/W-1 R/W-1 R/W-1

c20uT C10uUT C2INV

C1INV CIs CM2 CM1 CMO

bit 7

bit 7 C20UT: Comparator 2 Output bit
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-

C10UT: Comparator 1 Output bit
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 6

bit 5
1 = C2 output inverted
0 = C2 output not inverted
bit 4
1 = C1 output inverted
0 = C1 output not inverted
bit 3 CIS: Comparator Input Switch bit
When CM2:CMO =110:
1 = C1 VIN- connects to RA3/AN3
C2 VIN- connects to RA2/AN2
0 = C1 VIN- connects to RAO/ANO
C2 VIN- connects to RA1/AN1

CM2:CMO: Comparator Mode bits

bit 2

bit 0

C2INV: Comparator 2 Output Inversion bit

C1INV: Comparator 1 Output Inversion bit

Figure 12-1 shows the Comparator modes and CM2:CMO bit settings.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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12.1

There are eight modes of operation for the compara-
tors. The CMCON register is used to select these
modes. Figure 12-1 shows the eight possible modes.
The TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator

Comparator Configuration

FIGURE 12-1:

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 17.0 “Electrical Characteristics”.

Note:

Comparator interrupts should be disabled
during a Comparator
Otherwise, a false interrupt may occur.

mode change.

COMPARATOR I/0 OPERATING MODES

Comparators Reset
CM2:CMO0 =000

CM2:CMO =111

RAO/ANO —A ViN- 1 -

C1 Off (Read as ‘0’
RA3/AN3 _A vint | ( )
RAL/ANT —A—— V- | =

C2 Off (Read as ‘0’
RA2/AN2 A ViNt | ( )

RAO/ANO —2— V- |~
RA3/AN3 B VNt ]
RALANT 2 ¢¥N- [~
RA2/AN2 B gUN* |

C1

c2

Comparators Off (POR Default Value)

Off (Read as ‘0’)

Off (Read as ‘0’)

Two Independent Comparators
CM2:CMO =010

RAO/ANQ —A— VN 1 -

c1 ciouT
RA3/AN3 A ViNt |
RAL/ANL & V- |

c2 c20uUT
RA2/AN2 A ViNt |

CM2:CMO =011

Two Independent Comparators with Outputs

RAO/ANO —A— VIN- |

RA3/AN3 _A VIN+ +Cl Cci10ouT
RA4/TOCKI/C1OUT

RAL/ANL —A VN |

RA2/AN2 _A VIN+ +C2 C20UT
RA5/AN4/SS/C20UT

Two Common Reference Comparators
CM2:CMO =100

RAO/ANO —2&—— VIN- |

c1 ciouT
RA3/AN3 Ao VIN* |,
RAL/ANT —A— L VIN- |

c2 c20uUT
RA2/AN2 B LVIN* |

CM2:CMO =101

Two Common Reference Comparators with Outputs

RAO/ANO A V- |-

RA3/AN3 A ViN+ +Cl ciouTt
RA4/TOCKI/C10UT

RAL/ANT —A [VIN- 1~

RA2/AN2 D LVIn+ JrCZ Cc20uUT
RA5/AN4/SS/C20UT

One Independent Comparator with Output
CM2:CMO0 = 001

RAO/ANO —A—VIN- | =
c1 ciouT
RA3/AN3 A VNt |
RA4/TOCKI/C1OUT
RAL/ANL —2- VN | =
RAZAN? D 4 V|, C2 Off (Read as '0)

CM2:CMO =110

Four Inputs Multiplexed to Two Comparators

A

RAOIANO — 5= vin-
AT *Cis=

RA3/AN3 o CIS=1 Vind c1 C10UT
A

RAVANL =20 oo |y IS

RA2/AN2 Ao ~CIS=1 | L c2 C20UT

CVREF From Comparator

VREF Module

A = Analog Input, port reads zeros always. D = Digital Input.

CIS (CMCON<3>) is the Comparator Input Switch.
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14.2 Oscillator Configurations

14.2.1 OSCILLATOR TYPES

The PIC16F87XA can be operated in four different
oscillator modes. The user can program two configura-
tion bits (Fosc1 and FoscO) to select one of these four
modes:

e LP Low-Power Crystal
e XT Crystal/Resonator
e HS High-Speed Crystal/Resonator
* RC Resistor/Capacitor

14.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKI and OSC2/CLKO pins
to establish oscillation (Figure 14-1). The PIC16F87XA
oscillator design requires the use of a parallel cut crys-
tal. Use of a series cut crystal may give a frequency out
of the crystal manufacturer’s specifications. When in
XT, LP or HS modes, the device can have an external
clock source to drive the OSC1/CLKI pin (Figure 14-2).

FIGURE 14-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XTOR LP
OSC CONFIGURATION)
Cll(l) osci1 {>O_l
I l To
. Internal
COXTAL 'S RE®) Logic
= osc2 | 1- Sleep
RS(Z)
c2® PIC16F87XA

Note 1: See Table 14-1 and Table 14-2 for recommended
values of C1 and C2.

2: A series resistor (Rg) may be required for AT
strip cut crystals.

3: RF varies with the crystal chosen.

FIGURE 14-2: EXTERNAL CLOCK INPUT

OPERATION (HS, XT OR
LP OSC CONFIGURATION)

Clock from ~DO—> 0sc1
Ext. System PIC16F87XA

Open -«—— OSC2

TABLE 14-1: CERAMIC RESONATORS

Ranges Tested:

Mode Freq. OoscC1 0osc2

XT 455kHz | 68-100 pF | 68-100 pF
2.0 MHz 15-68 pF | 15-68 pF
4.0 MHz 15-68 pF | 15-68 pF

HS 8.0 MHz 10-68 pF | 10-68 pF
16.0MHz | 10-22pF | 10-22 pF

These values are for design guidance only.
See notes following Table 14-2.

Resonators Used:

2.0 MHz Murata Erie CSA2.00MG +0.5%

4.0 MHz Murata Erie CSA4.00MG +0.5%

8.0 MHz Murata Erie CSA8.00MT +0.5%

16.0 MHz | Murata Erie CSA16.00MX +0.5%

All resonators used did not have built-in capacitors.
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TABLE 14-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type CFr?/:fI Cap.CRlange Cap.(F:Q;nge
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF

These values are for design guidance only.
See notes following this table.

14.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
resistor (REXT) and capacitor (CExT) values and the
operating temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to take into account
variation due to tolerance of external R and C
components used. Figure 14-3 shows how the R/C
combination is connected to the PIC16F87XA.

FIGURE 14-3: RC OSCILLATOR MODE

Crystals Used

32 kHz

Epson C-001R32.768K-A | =20 PPM

200 kHz

STD XTL 200.000KHz +20 PPM

1 MHz

ECS ECS-10-13-1 + 50 PPM

4 MHz

ECS ECS-40-20-1 + 50 PPM

8 MHz

EPSON CA-301 8.000M-C | =30 PPM

20 MHz

EPSON CA-301 20.000M-C | + 30 PPM

Note 1:

Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

Ry may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

When migrating from other PIC® devices,
oscillator performance should be verified.

VDD

REXT

osc1 | Internal
L E T [—> Clock

Cext F——" PpicieFs7xa

Vss —

~%+— OSC2/CLKO
Fosc/4

Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF
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RLF Rotate Left f through Carry

Syntax: [label] RLF f,d

Operands: 0<f<127
d € [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register ‘f’ are
rotated one bit to the left through the
Carry flag. If ‘d’ is '0’, the result is
placed in the W register. If ‘d’ is ‘1,
the result is stored back in register ‘f'.

RETURN Return from Subroutine

Syntax: [label] RETURN

Operands: None

Operation: TOS - PC

Status Affected:  None

Description: Return from subroutine. The stack
is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.

RRF Rotate Right f through Carry

Syntax: [label] RRF fd

Operands: 0<f<127
d e [0,1]

Operation: See description below

Status Affected: C

The contents of register ‘f’ are
rotated one bit to the right through
the Carry flag. If ‘d’ is ‘0’, the
result is placed in the W register.
If ‘d" is ‘1, the result is placed
back in register ‘f".

Description:

SLEEP
Syntax: [label] SLEEP
Operands: None
Operation: 00h —» WDT,
0 — WDT prescaler,
1570,
0—-PD
Status Affected:  TO, PD
Description: The power-down status bit, PD,
is cleared. Time-out status bit,
TO, is set. Watchdog Timer and
its prescaler are cleared.
The processor is put into Sleep
mode with the oscillator stopped.
SUBLW Subtract W from Literal
Syntax: [label] SUBLW k
Operands: 0<k<255
Operation: k-(W)— (W)
Status Affected: C, DC, Z
Description: The W register is subtracted (2's
complement method) from the
eight-bit literal ‘k’. The result is
placed in the W register.
SUBWF Subtract W from f
Syntax: [label] SUBWF fd
Operands: 0<f<127
d e [0,1]
Operation: () - (W) — (destination)
Status C,DC,z
Affected:
Description: Subtract (2's complement method)

W register from register ‘f'. If ‘'d’ is
‘0, the result is stored in the W
register. If ‘'d’ is ‘1’, the result is
stored back in register ‘f".

DS39582C-page 164

© 2001-2013 Microchip Technology Inc.



PIC16F87XA

SWAPF Swap Nibbles in f

Syntax: [label ] SWAPFf,d

Operands: 0<f<127
d € [0,1]

Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)

Status Affected: None

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

XORLW Exclusive OR Literal with W

Syntax: [label] XORLW k

Operands: 0<k<255

Operation: (W) .XOR. k = (W)

Status Affected: z

Description: The contents of the W register

are XOR’ed with the eight-bit
literal ‘k’. The result is placed in
the W register.

XORWF Exclusive OR W with f
Syntax: [label] XORWF f,d
Operands: 0<f<127

d € [0,1]
Operation: (W) .XOR. (f) — (destination)
Status Affected: Z
Description: Exclusive OR the contents of the

W register with register ‘f'. If ‘d’ is
‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is
stored back in register ‘f'.
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17.1 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial, Extended)
PIC16LF873A/874A/876A/877A (Industrial) (Continued)
PIC16LF873A/874A/876A/877A Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature  -40°C < TA < +85°C for industrial

PIC16F873A/874A/876A/877A
(Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

PaNrgm Symbol CharDa;\}ﬁ:r:“C/ Min | Typt | Max | Units Conditions
IPD Power-down Current(®>)

D020 16LF87XA — 7.5 30 pA | VDD = 3.0V, WDT enabled,
-40°C to +85°C

D020 16F87XA| — 10.5 42 pA | VDD = 4.0V, WDT enabled,
-40°C to +85°C

60 pA | VDD = 4.0V, WDT enabled,

-40°C to +125°C (extended)

D021 16LF87XA| — 0.9 5 pA | VDD = 3.0V, WDT disabled,
0°C to +70°C

D021 16F87XA| — 15 16 pA | VDD = 4.0V, WDT disabled,
-40°C to +85°C

20 pA | VDD = 4.0V, WDT disabled,

-40°C to +125°C (extended)

D021A 16LF87XA 0.9 5 pA | VDD = 3.0V, WDT disabled,
-40°C to +85°C

D021A 16F87XA 15 19 pA | VDD = 4.0V, WDT disabled,
-40°C to +85°C

D023 AIBOR Brown-out — 85 200 pA | BOR enabled, VDD = 5.0V

Reset Current(®
Legend: Rows with standard voltage device data only are shaded for improved readability.
T 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 /O
pin loading, 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 tri-stated, pulled to VbD;
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
measured with the part in Sleep mode, with all I/O pins in high-impedance state and tied to Vbb and Vss.

4: For RC osc configuration, current through ReEXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (mA) with REXT in kQ.

5. Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from
characterization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.

7:  When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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s - _;_5

' le— 17— -t 15 ; f :
(cl)ﬁp%'g Old Value ¢ New Value
: — - : : :
' 20,21
Note: Refer to Figure 17-3 for load conditions.
TABLE 17-4: CLKO AND 1I/O TIMING REQUIREMENTS
Pi{j‘m Symbol Characteristic Min Typt Max Units | Conditions
10* TosH2ckL |OSC1 T to CLKO 4 — 75 200 ns |(Note 1)
11* TosH2ckH |0SC1 T to CLKO T — 75 200 ns |(Note 1)
12* TckR CLKO Rise Time — 35 100 ns |(Note 1)
13* TckF CLKO Fall Time — 35 100 ns |(Note 1)
14* TckL210V | CLKO Y to Port Out Valid — — [0.5Tcy +20| ns |(Note 1)
15* TioV2ckH |Port In Valid before CLKO T Tosc + 200 — — ns |(Note 1)
16* TckH2iol  |Port In Hold after CLKO T 0 — — ns |(Note 1)
17* TosH2i0V |OSC1 T (Q1 cycle) to Port Out Valid — 100 255 ns
18* TosH2i0l |OSC1 T (Q2 cycle) to Port Input | Standard (F) 100 — — ns
Invalid (/O in hold time) Extended (LF) 200 _ _ ns
19* TioV20sH |Port Input Valid to OSC1 T (I/O in setup time) 0 — — ns
20* TIOR Port Output Rise Time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
21* TIOoF Port Output Fall Time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
22tt* | TINP INT pin High or Low Time Tcy — — ns
23tt* | TrBP RB7:RB4 Change INT High or Low Time Tey — — ns

* These parameters are characterized but not tested.
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode where CLKO output is 4 x ToscC.
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FIGURE 17-10: PARALLEL SLAVE PORT TIMING (PIC16F874A/877A ONLY)

RE2/CS Y

RD7:RDO

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-8: PARALLEL SLAVE PORT REQUIREMENTS (PIC16F874A/877A ONLY)

Pilroam Symbol Characteristic Min | Typt | Max | Units | Conditions
62 TDTV2wRH  |Data In Valid before WR T or CS T (setup time) 20 | — | — | ns
63* TwrH2DTI  |WR 7T or CS 1 to Data—in Invalid Standard(F) 20 — | = ns
(hold time) Extended(LF) 35 — | = ns
64 TroL20TV  |RD { and CS { to Data—out Valid — | — | 80 | ns
65 TrROH2DTI  |RD 1 or CS { to Data—out Invalid 10 | — | 30 ns

* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 17-11: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

(CKP = 1) : \ l A F

SDO

SDI

Note: Refer to Figure 17-3 for load conditions.

FIGURE 17-12: SPI MASTER MODE TIMING (CKE =1, SMP = 1)

SDO XY . 1MSb X BitG—%?————l >< LSb

SDI

Note: Refer to Figure 17-3 for load conditions.
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Acquisition Requirements .
ADCONO Register ...
ADCONL1 Register ...
ADIF Bl .o
ADRESH REQISter ....ccvviiiiiiiiiiiiiie e
ADRESL ReQISter ....ccccviiiiiiiiiiieie e
ANalog POrt PiNS .......cccoiiiieiiiiicerieee e
Associated Registers and Bits ..........ccccccevcieiiennn.
Calculating Acquisition Time ........cccocceevieiiieiiecnnene
Configuring Analog Port Pins .....
Configuring the Interrupt ............
Configuring the Module ..
Conversion ClocK ..........ccoieiiiiiiiiiiiciice e
CONVETSIONS ..ottt ettt
Converter CharacteristiCS .........c.coevvvevivieiieriieninens
Effects of a Reset .........ccccieiiiiiiiiii,
GO/DONE Bit ..ovvvieeiieiiiiienieeieseeie e
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A/D Conversion ReqUIreMeNts ..........ccovveeerveeeiniveeeenineens
Absolute Maximum Ratings .........c.ccevvveeiieniiniieiieeiees
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ADCONO REQGISLEN ...oeieieetiei ettt
ADCONIL REGISLEN ...eeiiiiiiiiiiieirie s
Addressable Universal Synchronous Asynchronous
Receiver Transmitter. See USART.
ADRESH REJISIEr ....ooiiiiiiiiiiiiic it 19
ADRESL REQISIEr ....ooiiiiiiiiiiiiiiie et 20
Analog-to-Digital Converter. See A/D.
Application Notes
AN552 (Implementing Wake-up
on Key Stroke) ........cccccveenenen.
AN556 (Implementing a Table Read)
Assembler

MPASM Assembler ..o, 167
Asynchronous Reception

Associated Registers .........ccccvvvevciieniiinieeninnn. 118,120
Asynchronous Transmission

Associated Registers .........cccovviinieiieciiinieeieeenn 116
B
Banking, Data MEmOIY ........cccoccevvieriieiiciieeiieeieceenn 16, 22
Baud Rate GENErator ............cccceieeiviiriiiciiiicce e 97

Associated REgISIErS .......ccccovvvieiiieiiniiee e 113
BCLIF
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Block Diagrams

AUD e 129

Analog Input Model .........ccoecviiiiiiiiiiiineen, 130, 139

Baud Rate Generator .............cccoeeeiiieiieniiniiiciee e, 97

Capture Mode Operation ..........c.ccecvvereveenieeriveenieenee.

Comparator 1/0 Operating Modes .

Comparator Output ........cccceeeeeenne

Comparator Voltage Reference ....

Compare Mode Operation ..........c.ccceeeveveeviienieeenieenene.

Crystal/Ceramic Resonator Operation
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External Clock Input Operation
(HS, XT or LP Osc Configuration) .................... 145

INEEITUPL LOGIC oo
MSSP (1°C Mode) ......
MSSP (SPI Mode) ........
On-Chip Reset Circuit .
PIC16F873A/PIC16F876A Architecture ...........ccccceeeee 6
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Peripheral Output Override
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Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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