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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
» Microchip’s Worldwide Web site; http://www.microchip.com

» Your local Microchip sales office (see last page)

» The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our Web site at www.microchip.com/cn to receive the most current information on all of our products.

DS39582C-page 4 © 2001-2013 Microchip Technology Inc.



PIC16F87XA

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
rogram Counter RAO/ANO
Flash RA1/AN1
Program RA2/AN2/VREF-/CVREF
Memory 8 Level Stack RAM 4 <« RA3/AN3/VREF+
(13-hit) File RA4/TOCKI/C1OUT
Registers RAS5/AN4/SS/C20UT
Program
Bus 14 RAM Addr® PORTB
RBO/INT
Instruction reg RB1
. RB2
H Direct Addr 7 Indivect | RB3/PGM
| RB4
FSR reg RB5
‘ RB6/PGC
8
PORTC
RCO/T10SO/T1CKI
Power-up 3 RC1/T10SI/CCP2
Timer RC2/CCP1
Instruction Oscillator — RC/SCK/SCL
Decode & [G;— > | Start-up Timer ALU RC4/SDI/SDA
Control RC5/SDO
P%V\éesggn 8 I— RCB/TX/CK
RC7/RX/IDT
Timing Watchdog
|X|<::l|> Generation > Timer PORTD
OSC1/CLKI Brown-out [ RDO/PSPO
0SC2/CLKO Reset L & rD1/PSP1
In-Circuit RN RD2/PSP2
Debugger L < RD3/PSP3
Low-Voltage " ld—>| RD4/PSP4
Programming 1| RD5/PSP5
| RD6/PSP6
< RD7/PSP7
PORTE
MCLR VDD, Vss X] REO/RD/ANS
= X RE1/WR/ANG
X RE2/CSIANT
) ) ) . Parallel
Ti 2 N
Timer0 Timerl imer 10-bit AID Slave Port

‘F
b

&

&

U U

J

Synchronous Voltage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F877A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the Status register.

© 2001-2013 Microchip Technology Inc.
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2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (Status<6>) and
RPO (Status<5>) are the bank select bits.

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

Note: = The EEPROM data memory description can
be found in Section 3.0 “Data EEPROM
and Flash Program Memory” of this data
sheet.

RP1:RPO Bank
00 0
01 1
10 2
11 3

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or
indirectly, through the File Select Register (FSR).

DS39582C-page 16
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2222 OPTION_REG Register Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG Register is a readable and writable the TMRO register, assign the prescaler to
register, which contains various control bits to configure the Watchdog Timer.

the TMRO prescaler/WDT postscaler (single assign-
able register known also as the prescaler), the external
INT interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RMW-1  RMW-1 RIW-1 RW-1  RMW-1  RMW-1
RBPU | INTEDG | Tocs | Tose | Ppsa | ps2 | ps1 | pso
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKO)

bit 4 TOSE: TMRO Source Edge Select bit

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

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0O module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1: 256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown

Note:  When using Low-Voltage ICSP Programming (LVP) and the pull-ups on PORTB are
enabled, bit 3 in the TRISB register must be cleared to disable the pull-up on RB3
and ensure the proper operation of the device

© 2001-2013 Microchip Technology Inc. DS39582C-page 23
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NOTES:
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FIGURE 4-2:

BLOCK DIAGRAM OF RA4/TOCKI PIN

CMCON<2:0>=x010r 011

CciouTt

~

Data Latch
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WR PORTA E EK—\_Q

TRIS Latch

D Q
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Schmitt

Buffer
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RD PORTA

. #N 1/0 pin®
Vss

Trigger
Input %7

EN—|

TMRO Clock Input

L

Note 1: 1/O pin has protection diodes to Vss only.

FIGURE 4-3:

BLOCK DIAGRAM OF RA5 PIN

CMCON<2:0> =011 0r101

C20UT {>c

Data Latch

Data Bus D Q

WR PORTA ! E@_a

TRIS Latch

—D Q

WR TRISA ! E}a__

RD TRISA oﬁ

]

RD PORTA

VDD
) e
N 1/0 pin®
Analog
liP Mode
Vss TTL
Input
Buffer
Q D
EN —I

A/D Converter or SS Input

>

-

Note 1: 1/O pin has protection diodes to VDD and Vss.
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4.5 PORTE and TRISE Register

Note:  PORTE and TRISE are not implemented
on the 28-pin devices.

PORTE has three pins (REO/RD/AN5, RE1/WR/AN6
and RE2/CS/AN7) which are individually configurable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the 1/O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is
set. In this mode, the user must make certain that the
TRISE<2:0> bits are set and that the pins are configured
as digital inputs. Also, ensure that ADCONL is config-
ured for digital I/O. In this mode, the input buffers are
TTL.

Register 4-1 shows the TRISE register which also
controls the Parallel Slave Port operation.

PORTE pins are multiplexed with analog inputs. When
selected for analog input, these pins will read as ‘0’s.

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

Note: On a Power-on Reset, these pins are
configured as analog inputs and read as ‘0’.

TABLE 4-9: PORTE FUNCTIONS

FIGURE 4-9: PORTE BLOCK DIAGRAM

(IN 1/O PORT MODE)

/10 pin(l)

N

Data Data Latch
= T Y
WR
TRIS Latch
q D Q
WR
TRIS as Schmitt
Trigger
Input
/I Buffer
RD
TRIS
D

“

g
RD Port F {>o

Note 1: I/O pins have protection diodes to VbD and Vss.

Name Bit# | Buffer Type

Function

o RD
REO/RD/ANS | bito | ST/TTL® |1 = dle

I/O port pin or read control input in Parallel Slave Port mode or analog input:

0 = Read operation. Contents of PORTD register are output to PORTD
1/0 pins (if chip selected).

L WR
RELWRI/ANG | bit1 | ST/TTL® |1 = Idle

I/O port pin or write control input in Parallel Slave Port mode or analog input:

0 = Write operation. Value of PORTD I/O pins is latched into PORTD
register (if chip selected).

RE2/CSIAN7 | bit2 | sTATL® |CS

1 = Device is not selected
0 = Device is selected

I/O port pin or chip select control input in Parallel Slave Port mode or analog input:

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port mode.

© 2001-2013 Microchip Technology Inc.
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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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9.3.1 REGISTERS

The MSSP module has four registers for SPI mode
operation. These are:

* MSSP Control Register (SSPCON)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCON and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCON regis-
ter is readable and writable. The lower six bits of the
SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 9-1: SSPSTAT: MSSP STATUS REGISTER (SPI MODE) (ADDRESS 94h)
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P | s | RW | ua | BF
bit 7 bit 0
bit 7 SMP: Sample bit
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 SPl is used in Slave mode.
bit 6 CKE: SPI Clock Select bit
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
Note: Polarity of clock state is set by the CKP bit (SSPCON1<4>).
bit 5 D/A: Data/Address bit
Used in I°C mode only.
bit 4 P: Stop bit
Used in 12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.
bit 3 S: Start bit
Used in I°C mode only.
bit 2 R/W: Read/Write bit information

Used in 12C mode only.
bit 1 UA: Update Address bit
Used in I°C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

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

DS39582C-page 72
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The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D Result
register pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block
diagram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1 “A/D
Acquisition Requirements”. After this acquisition
time has elapsed, the A/D conversion can be started.

To do an A/D Conversion, follow these steps:

1. Configure the A/D module:

» Configure analog pins/voltage reference and
digital /O (ADCONZ1)

» Select A/D input channel (ADCONO)
 Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)

Configure A/D interrupt (if desired):

» Clear ADIF bit

» Set ADIE hit

» Set PEIE bit

» Set GIE bit

Wait the required acquisition time.

Start conversion:

» Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete by either:

 Polling for the GO/DONE bit to be cleared
(interrupts disabled); OR

» Waiting for the A/D interrupt

Read A/D Result register pair

(ADRESH:ADRESL), clear bit ADIF if required.

For the next conversion, go to step 1 or step 2

as required. The A/D conversion time per bit is

defined as TAD.

FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHSO
. 111
; : RE2/AN7(
: 110
. RE1/AN6W
: 101
: . REO/AN5()
: 100
' RA5/AN4
VAIN ' '
. 011
(Input Voltage) - - »—‘E RA3/AN3/VREF+
AID : \o 010 .
Converter ' T & RA2/AN2/VREF-
: 001 .
VDD - \O ; & RAL/AN1
T : 000 |
VREF+ .O/ . | \o ; & RAO/ANO
(Reference : o~
Voltage) . H H .
PCFG3:PCFGO
VREF- X O/O '
(Reference X :
Voltage)

T vss
PCFG3:PCFGO

Note 1: Not available on 28-pin devices.
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11.1

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the internal sampling switch
impedance (Rss) directly affect the time required to
charge the capacitor CHoLD. The sampling switch
(Rss) impedance varies over the device voltage (VDD);
see Figure 11-2. The maximum recommended
impedance for analog sources is 2.5 kQ. As the
impedance is decreased, the acquisition time may be

A/D Acquisition Requirements

decreased. After the analog input channel is selected
(changed), this acquisition must be done before the
conversion can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time, TACQ, see
the PIC® Mid-Range MCU Family Reference Manual
(DS33023).

EQUATION 11-1:

ACQUISITION TIME

TACQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
= TaMmP + TC + TCOFF
= 2 us + TC + [(Temperature — 25°C)(0.05 ps/°C)]
TC = CHOLD (RIC + RsS + RS) In(1/2047)
= - 120 pF (1 kQ + 7 kQ + 10 kQ) In(0.0004885)
= 1647 ps
TACQ = 2us+16.47 ps + [(50°C - 25°C)(0.05 ps/°C)
= 19.72 ps
Note 1: The reference voltage (VREF) has no effect on the equation since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 2.5 kQ. This is required to meet the pin
leakage specification.
FIGURE 11-2: ANALOG INPUT MODEL
VED Sampling
R VT = 0.6V , Switeh
.~ "Rs .+ ANx RIC<1K: SS Rss:
: . e Yo M——]
\ | een L L CHoOLD
. ! PIN _L -L = DAC Capacitance
O vr=06v(}) 500 A F S 120 pE
= ¢ 1 Vss

Legend: CPIN = input capacitance

VT = threshold voltage g
ILEAKAGE = leakage current at the pin due to VDD 4\
various junctions 3\

Ric = interconnect resistance 2\
SS = sampling switch
CHoOLD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(k)
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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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TABLE 15-2: PIC16F87XA INSTRUCTION SET

Mnemonic, _— 14-Bit Opcode Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d Add W and f 1 00 0111 dfff ffff| C,DC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 1fff f£fff 4 2
CLRW - Clear W 1 00 0001 OxXXX XXXX Z
COMF f,d Complement f 1 00 1001 dJfff £fff 4 1,2
DECF f, d Decrement f 1 00 0011 dfff f£fff 4 1,2
DECFSzZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2,3
INCF f,d Increment f 1 00 1010 dfff ffff z 1,2
INCFSZ f, d Increment f, Skip if O 1(2) 00 1111 dfff f£fff 1,2,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff z 1,2
MOVF f,d Move f 1 00 1000 dfff ffff z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff| C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff 4 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01 0lbb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f, b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add Literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND Literal with W 1 11 1001 kkkk kkkk 4
CALL k Call Subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TO,PD
GOTO k Go to Address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR Literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move Literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from Interrupt 2 00 0000 0000 1001
RETLW k Return with Literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into Standby mode 1 00 0000 0110 o0011| TO,PD
SUBLW k Subtract W from Literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR Literal with W 1 11 1010 kkkk kkkk z

Note 1: When an /O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a ‘0.
2: Ifthis instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerO module.
3: If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.

Note:  Additional information on the mid-range instruction set is available in the PIC® Mid-Range MCU Family Ref-
erence Manual (DS33023).
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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
PIC16ES73A/874A/876A/877A Standqrd Operating COﬂdItI?nS (unless 2thervx{|se staltted)
(Industrial, Extended) Operating temperature  -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extended
Param Characteristic/ . . .
No. Symbol Device Min | Typt | Max | Units Conditions
IDD Supply Current?9)
D010 16LF87XA — 0.6 2.0 mA | XT, RC osc configurations,
Fosc = 4 MHz, VpD = 3.0V
D010 16F87XA — 1.6 4 mA | XT, RC osc configurations,
Fosc =4 MHz, Vbp = 5.5V
DO10A 16LF87XA — 20 35 pA | LP osc configuration,
Fosc = 32 kHz, Vpbb = 3.0V,
WDT disabled
D013 16F87XA — 7 15 mA | HS osc configuration,
Fosc = 20 MHz, VbD = 5.5V
D015 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.

Note 1:

Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.
This is the limit to which VDD can be lowered without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I1/0
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 VDD;

MCLR = VDD; WDT enabled/disabled as specified.
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.
For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
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.
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.
When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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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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FIGURE 17-4:  EXTERNAL CLOCK TIMING
| o o’ @ Q3 U !
osc1 / ' :
CLKO

TABLE 17-3: EXTERNAL CLOCK TIMING REQUIREMENTS

P;a\lrsm Symbol Characteristic Min | Typt Max | Units Conditions
Fosc External CLKI Frequency DC — 1 MHz |XT and RC Osc mode
(Note 1) DC — 20 | MHz |HS Osc mode
DC — 32 kHz |LP Osc mode
Oscillator Frequency DC — 4 MHz |RC Osc mode
(Note 1) 01 | — 4 | MHz |XT Osc mode
4 — 20 MHz |HS Osc mode
5 — 200 kHz |LP Osc mode
1 Tosc External CLKI Period 1000 — — ns |XT and RC Osc mode
(Note 1) 50 — — ns |HS Osc mode
5 — — pus |LP Osc mode
Oscillator Period 250 — — ns |RC Osc mode
(Note 1) 250 — 1 ps | XT Osc mode
100 — 250 ns |HS Osc mode
50 — 250 ns |HS Osc mode
31.25 — — pus |LP Osc mode
2 Tcy Instruction Cycle Time 200 Tcy DC ns |Tcy =4/Fosc
(Note 1)
3 TosL, External Clock in (OSC1) Highor | 100 — — ns |XT oscillator
TosH Low Time 2.5 — — us |LP oscillator
15 — — ns |HS oscillator
4 TosR, External Clock in (OSC1) Riseor | — — 25 ns |XT oscillator
TosF Fall Time — — 50 ns |LP oscillator
— — 15 ns |HS oscillator

T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type, under standard operating conditions, with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at “min.” values with an
external clock applied to the OSC1/CLKI pin. When an external clock input is used, the “max.” cycle time
limit is “DC” (no clock) for all devices.
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FIGURE 18-9: AVERAGE Fosc vs. VDb FOR VARIOUS VALUES OF R
(RC MODE, C = 300 pF, +25°C)
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FIGURE 18-10: IPD vs. VDD, -40°C TO +125°C (SLEEP MODE, ALL PERIPHERALS DISABLED)
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28-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

| E
—
P — — ‘
— —
— —
— —
— —
— —
— — D
— —
— —
— 1
— 1
B —] —
—] —12
n —] Q —1 ‘
‘\OL
c
n ‘- i -
1/ e— R R Dﬂuﬂuﬂuﬂuﬂmmﬂwmj
¢7 Al
P ] -
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .026 0.65
Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .319 7.59 7.85 8.10
Molded Package Width E1l .201 .207 212 5.11 5.25 5.38
Overall Length D .396 402 407 10.06 10.20 10.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness C .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.010” (0.254mm) per side.
JEDEC Equivalent: MS-150
Drawing No. C04-073

Mold flash or protrusions shall not exceed
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MPLAB ICE 4000 High-Performance Universal
In-Circuit Emulator .........cccccoevviiiiiiiicnicceeecee 169
MPLAB Integrated Development
Environment Software ..........cccccooviiiiiniiiiics
MPLINK Object Linker/MPLIB Object Librarian ...
MSSP e
I2C Mode. See I2C.
SPIMOE ..t 71
SPI Mode. See SPI.
MSSP Module

Clock StretChing .......cccvvvviiiiiiiiccce e 90
Clock Synchronization and the CKP Bit ..................... 91
Control Registers (General) .......c.cccvveiiiieiiiniienieens 71

OPEIALION .eiiiiieiiieiieeie ettt 84
OVEIVIEW ..ot 71
SPIMaster Mode .........cocvvviieiieiiiieiiecieceee e 76
SPI Slave Mode .......ccceiiiiiiiiiiccec e 77
SSPBUF ..ottt 76
SSPSR it 76
Multi-Master Mode ..........cccoviiiiieiieniieie e 105
0]
Opcode Field DeSCrptioNS ........ccceevireerniieeriieee e 159
OPTION_REG REQISIEr ..cveviiiiieiieeiiee et 23
INTEDG Bt .vveviiiieieieeie st 23
PS2:PS0O BIlS ...ceveeiieieiieerie e 23
PSA Bl e 23
RBPU Bit oottt 23
TOCS Bl .o 23
TOSE Bit .o 23
OSCL/CLKI PIN ittt 8,10
OSC2/CLKO PiN oo 8,10
Oscillator Configuration
HS e 145, 149
LP s 145, 149
RC .. ... 145,146, 149
X e 145, 149
Oscillator Selection ..........ccccocvviiiiiiiiiii e 143
Oscillator Start-up Timer (OST) ...coccvveevivieeiiieeriee. 143,148
OSCillator, WDT ....ooiiiiiiiiiieieie et 155
Oscillators
Capacitor Selection ............ ... 146
Ceramic Resonator Selection ...... ...145
Crystal and Ceramic Resonators ...........ccccoceeveuneeen. 145
RC s 146
P
Package Information
MArKING .ooviiiiiiiciic e
Packaging Information
Paging, Program MemOry ..........ccccceevvieiiiniienie e 30
Parallel Slave Port (PSP) .......cccccvviinieniiiiiiciieene 13, 48,51
Associated REJISIErS .......occocevvivieeiiiieeiie e 52
REO/RD/ANS PiN ......cvveriieieeieeiesieeeeeeeeens 49,51
RE1/WR/ANG Pin ... 49,51
RE2/CS/ANT PiN oo 49,51
Select (PSPMODE Bit) ....ccocvecveiiiieniinens 48, 49,50,51
Parallel Slave Port Requirements
(PIC16F874A/ 87T7TA ONlY) .ooverieiieieeieceeeee e 187
PCL REQJISIET ...ceiiieiiiiiieeeeeeee e 19, 20, 30
PCLATH REQISIEN ..o 19, 20, 30
PCON REQIStEr ..o
BOR Bit .o
POR Bt oo,
PIC16F87XA Product Identification System ..
PICKit 1 Flash Starter Kit ..........cccccoevviiiiiiiiniccee,

PICSTART Plus Development Programmer .................... 169
PIEL REQISIEN ..cviiiiiiiiieieeere et 20,25
PIE2 REQISLEN ...t 20, 27

Pinout Descriptions
PIC16F873A/PIC16F876A ....

PIR1 Register ......ccccocvvvvveiniieeens

PIR2 REQISEr ....eeiiiiiiieiiieitie it

PO e

POR. See Power-on Reset.

PORTA e 8,10
Associated RegiSters .........ccccvevvviiiiiiiciiiienieeeeenn 43
FUNCLIONS e 43

PORTA Register .
TRISA Register ...

PORTB ..o .9, 11
Associated RegiSters .........ccccvevvieiviiiiciiicnieeneeenn 45
FUNCLIONS ..iiiiiiiciie e 45
PORTB REQISLEr ......ccoviiiiiiiiieieiiieeee e 19, 44
Pull-up Enable (RBPU Bit) .......ccccceeviiiniiinieiiieciee 23
RBO/INT Edge Select (INTEDG Bit) ......cccoeevverinennn. 23
RBO/INT Pin, External .............. ....9,11,154
RB7:RB4 Interrupt-on-Change ..........cccccceeviinieennene 154
RB7:RB4 Interrupt-on-Change Enable

(RBIE BIt) e 24,154
RB7:RB4 Interrupt-on-Change Flag

(RBIF Bit) «vveveeeieieniecie e 24, 44,154
TRISB REQISIET ....veiiiiiieeiieeeeee e 21,44

PORTB REJISEN ....oeiiiiiiiiiiiiiiiie st 21

PORTC ..o ..9,12
Associated Registers ... .. 47
Functions ........cccceeuenee. .47
PORTC REQISLET ....coviiiiiiiieiiic i 19, 46
RC3/SCKISCL PiN v 85
RCB/TX/CK PIN oot 112
RCT7/RX/DT PiN oo 112,113
TRISC REQISLEr ...t 46,111

PORTD ..o 13,51
Associated Registers .. 48
FUNCLIONS ...ceiiiiiiii 48
Parallel Slave Port (PSP) Function ...........cccccoevneeee. 48
PORTD REQISLET ....coviiiiiiiieiiie it
TRISD REQISIEN ....vviiiiieieeie et

PORTE ..ttt
ANalog Port PiNS .......cooeiiiiiiiiiicicce e
Associated Registers ... .
FUNCLIONS ..ot
Input Buffer Full Status (IBF Bit) ........ccccoecveinieineennn. 50
Input Buffer Overflow (IBOV Bit) .......ccccovevveiiiieeennn. 50
Output Buffer Full Status (OBF Bit) .........cccccvcvininns 50
PORTE RegISter ....ccoviiiiiiiiiiic i 19, 49
PSP Mode Select (PSPMODE Bit) ........... 48,49, 50,51
REO/RD/ANS Pin ......c..ccooonriunnnns

RE1/WR/ANG Pin ...
RE2/CS/ANT7 Pin .

TRISE REQISIEN ...viiiiiiiieeie e
Postscaler, WDT
Assignment (PSA Bit) ....coocvveriiieriieee e 23
Rate Select (PS2:PS0 BitS) ......ccoccevvrveeriiieiiiieeee, 23
Power-down Mode. See Sleep.
Power-on Reset (POR) ...........
POR Status (POR Bit)
Power Control (PCON) Register ... 149
Power-down (PD Bit) ....cccovviveeiiieiiiee e 22,147
Power-up Timer (PWRT) ...ccoveiiiiiiiieeeeee e 143
TiMe-0ut (TO Bit) ©...vvoeveeeeeeeeeeeeeeeee e, 22,147
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