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PIC16F87/88

Pin Diagrams (Cont’d)
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For the QFN package, it is recommended that the bottom pad be connected to Vss.
The CCP1 pin is determined by the CCPMX bit in Configuration Word 1 register.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . ) . . . ) Value on: Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR pgge
Bank 2
100n@ |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 26,135
101h TMRO TimerO Module Register XXXX XXXX 69
102h@ |pcL Program Counter’s (PC) Least Significant Byte 0000 0000 135
103h® |STATUS IRP | RP1 | RPO | TO | PD | z | DC | C 0001 1xxx | 17
104h@ |FSR Indirect Data Memory Address Pointer XXXX XXXX 135
105h  |WDTCON — | — | = | worps3 | wotpsz | wpTPsi | wDTPSO | SWDTEN | ---0 1000 | 142
106h PORTB PORTB Data Latch when written; PORTB pins when read (PIC16F87) XXXK XXXX 58
PORTB Data Latch when written; PORTB pins when read (PIC16F88) 00XX XXXX
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah12) |PCLATH — — — Write Buffer for the Upper 5 bits of the Program Counter ---0 0000 135
10Bh®@ |INTCON GIE PEIE TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x 19%769,
10Ch EEDATA EEPROM/Flash Data Register Low Byte XXXX XXXX 34
10Dh EEADR EEPROM/Flash Address Register Low Byte XXXX XXXX 34
10Eh EEDATH — — EEPROM/Flash Data Register High Byte --XX XXXX 34
10Fh EEADRH — — — | — |EEPROM/FIash Address Register High Byte -- - - XXXX 34
Bank 3
180h@ |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 135
181h OPTION_REG RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PSO 1111 1111 | 18,69
182h@ |pcL Program Counter (PC) Least Significant Byte 0000 0000 135
183h@  [STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx | 17
184h@ |FSR Indirect Data Memory Address Pointer xxxx xxxx | 135
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 | 58,83
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18AN12) |PCLATH — — — Write Buffer for the Upper 5 bits of the Program Counter ---0 0000 135
18Bh@ |INTCON GIE PEIE TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x 19%769,
18Ch EECON1 EEPGD — — FREE WRERR WREN WR RD x--x x000 | 28,34
18Dh EECON2 EEPROM Control Register 2 (not a physical register) | ——-- —--- 34
18Eh — Reserved, maintain clear 0000 0000 —
18Fh — Reserved, maintain clear 0000 0000 —
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<12:8>, whose
contents are transferred to the upper byte of the program counter.
2:  These registers can be addressed from any bank.
3:  RAS5 s an input only; the state of the TRISAS bit has no effect and will always read ‘1'.
4: PIC16F88 device only.
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2223 INTCON Register

The INTCON register is a readable and writable regis-
ter that contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

REGISTER 2-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to
enabling an interrupt.

INTCON: INTERRUPT CONTROL REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RMW-0 RMW-0  R/M-x
GIE PEIE TMROIE | INTOIE | RBIE [ TMROIF | INTOIF | RBIF |
bit 7 bit 0

GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts

0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts

0 = Disables all peripheral interrupts

TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO interrupt

INTOIE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt

0 = Disables the RBO/INT external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow

INTOIF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

RBIF: RB Port Change Interrupt Flag bit

A mismatch condition will continue to set flag bit RBIF. Reading PORTB will end the mismatch
condition and allow flag bit RBIF to be cleared.

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

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

© 2002-2013 Microchip Technology Inc. DS30487D-page 19
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FIGURE 5-2: BLOCK DIAGRAM OF RA3/AN3/VREF+/C1OUT PIN
Data Comparator Mode =110
Bus D Q
WR Comparator 1 Output {>o VDD
PORTA — VDD
L gy F

Data Latch

D Q ;
— >_| N RAS3 pin

WR
TRISA K™\ 0
Vss Vss
TRIS Latch Analog
Input Mode
) TTL
Input Buffer
RD TRISA

EN
RD PORTA {>C

To Comparator
- To A/D Module Channel Input (PIC16F88 only)

To A/D Module Channel VReF+ Input (PIC16F88 only)

FIGURE 5-3: BLOCK DIAGRAM OF RA2/AN2/CVREF/VREF- PIN
Data
Bus D Q
WR VDD
PORTA ' cK~ O D 5 VDD
Data Latch
DX
e— D
Q — > N RAZ2 pin
WR _
TRISA , CK_ Ql-» N
TRIS Latch oo/ vss Analog
Input Mode —
0—0§
TTL
RD TRISA Input Buffer
| o o
EN
RD PORTA {>O
__ To Comparator
To A/D Module VREF- (PIC16F88 only)
- To A/D Module Channel Input (PIC16F88 only)
CVROE Hbj/
CVREF ® ®

© 2002-2013 Microchip Technology Inc. DS30487D-page 53



PIC16F87/88

FIGURE 5-7: BLOCK DIAGRAM OF RA7/0OSC1/CLKI PIN
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NOTES:

DS30487D-page 70 © 2002-2013 Microchip Technology Inc.



PIC16F87/88

10.3.1 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISB<4,1> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

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

Either or both of the following conditions will cause the
SSP module not to give this ACK pulse:

a) The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

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

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 10-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit, BF, is cleared by reading the SSPBUF
register while bit, SSPOV, is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
12C specification, as well as the requirement of the SSP
module, are shown in timing parameter #100 and
parameter #101.

10.3.1.1  Addressing

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

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

b) The Buffer Full bit, BF, is set.

c) AnACK pulse is generated.

d) SSP Interrupt Flag bit, SSPIF (PIR1<3>), is set
(interrupt is generated if enabled) — on the falling
edge of the ninth SCL pulse.

In 10-bit Address mode, two address bytes need to be
received by the slave device. The five Most Significant
bits (MSbs) of the first address byte specify if this is a
10-bit address. Bit R/W (SSPSTAT<2>) must specify a
write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘1111 0 A9 A8 0, where A9 and A8 are the
two MSbs of the address.

The sequence of events for 10-bit Address mode is as
follows, with steps 7-9 for slave transmitter:

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

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

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

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

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

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

7. Receive Repeated Start condition.

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

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

10.3.1.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
a no Acknowledge (ACK) pulse is given. An overflow
condition is indicated if either bit, BF (SSPSTAT<0>), is
set or bit, SSPOV (SSPCON<6>), is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit, SSPIF (PIR1<3>), must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

10.3.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RB4/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register which also loads the SSPSR register.
Then, pin RB4/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master device must mon-
itor the SCL pin prior to asserting another clock pulse.
The slave devices may be holding off the master device
by stretching the clock. The eight data bits are shifted
out on the falling edge of the SCL input. This ensures
that the SDA signal is valid during the SCL high time
(Figure 10-7).

© 2002-2013 Microchip Technology Inc.
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TABLE 11-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR Resets

0Bh, 8Bh, |INTCON | GIE PEIE |TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x | 0000 000u
10Bh,18Bh

0Ch PIR1 — ADIFY | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
18h RCSTA | SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x | 0000 000x
19h TXREG | AUSART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 — ADIE® | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRLIE | -000 0000 | -000 0000
98h TXSTA | CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.

FIGURE 11-9: SYNCHRONOUS TRANSMISSION

Q4Q2|Q3|Q4iQJ{Q2|Q3|Q4EQJ{Q2|QB|Q45Q1{Q2|Q3|Q4:Q:L|Q2|Q3|Q4| |Q3|Q4iQ4Q2|Q3|Q4%Q11Q2|Q3|Q4€Q4Q2|Q3|Q4EQ1|Q2|Q3|Q4|Q1|Q2|Q3|Q4inlQ2|Q3|Q4
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bit7 X bito X bl X D WD G T A

RX/DT pin X B0 X, BT X Btz XX
- Word 2 L o

RB5/SS/TX/ : . :
CK pin . i N v I oo IS e GRS N G i N

Write to

T & g
©9 Write Word 1 Wmé Word 2 : : : : ' )) :
TXIF bit P ' - ' ! ! ! : (¢ !
(Interrupt Flag) ' ! ' : )()( ! ! : X )J '
TRMT bit : | (c : ¢
| | \ | ) | | | ] ) \
TXEN bit  —%. : : ' ' (¢ ' ' : : {§ ' R
Note: Sync Master mode; SPBRG = 0. Continuous transmission of two 8-bit words.
FIGURE 11-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RB2/SDO/RX/DT pin X bito X btz X bit2 | 3 >< bite X bit7
RB5/SS/TX/CK pin
4/_\_/_\_/_\% /N
Write to :
TXREG Reg j (¢ -
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11.4.2 AUSART SYNCHRONOUS SLAVE When setting up a synchronous slave reception, follow
RECEPTION these steps:

The operation of the Synchronous Master and Slave 1. Enable the synchronous master serial port by

modes is identical, except in the case of the Sleep setting bits SYNC and SPEN and clearing bit

mode. Bit SREN is a “don’t care” in Slave mode. CSRC.

If receive is enabled by setting bit CREN prior to the 2. 1If Interrupts are d.eswed., set enaple bit RCIE.

SLEEP instruction, then a word may be received during 3. If 9-bit reception is desired, set bit RX9.

Sleep. On completely receiving the word, the RSR reg- 4. To enable reception, set enable bit CREN.

ister will transfer the data to the RCREG register and if 5. Flag bit RCIF will be set when reception is

enable bit RCIE bit is set, the interrupt generated will complete and an interrupt will be generated if

wake the chip from Sleep. If the global interrupt is enable bit RCIE was set.

enabled, the program will branch to the interrupt vector 6. Read the RCSTA register to get the ninth bit (if

(0004h). enabled) and determine if any error occurred

during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

9. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

TABLE 11-13: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 : all other
POR, BOR Resets

0Bh, 8Bh, [INTCON GIE PEIE | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x| 0000 000u
10Bh,18Bh

0Ch PIR1 — ADIFY | RCIF TXIF | SSPIF | CCP1IF | TMR2IF [ TMR1IF | -000 0000 |-000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x|0000 000x
1Ah RCREG | AUSART Receive Data Register 0000 0000|0000 0000
8Ch PIE1 — ADIE® | RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 |-000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D |[0000 -010|0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000

Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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COMF Complement f

Syntax: [label] COMF fd

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

Operation: (f) > (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
complemented. If ‘d’ = 0, the
result is stored in W. If ‘d’ = 1, the
result is stored back in register ‘f’.

DECF Decrement f

Syntax: [label] DECFfd

Operands: 0<f<127
d € [0,1]

Operation: (f) — 1 — (destination)

Status Affected: Z

Description: Decrement register ‘. If ‘d’ = 0,
the result is stored in the W
register. If ‘d’ = 1, the result is
stored back in register ‘f'.

DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSz f,d

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

Operation: () — 1 — (destination);
skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are

decremented. If ‘d’ = 0, the result
is placed in the W register. If

‘d’ = 1, the result is placed back in
register ‘f'.

If the result is ‘1’, the next
instruction is executed. If the
result is ‘0’, then a NOP is
executed instead, making it a

2 Tcy instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k - PC<10:0>,
PCLATH<4:3> —» PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded
from PCLATH<4:3>. GOTO is a
two-cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

Operands: 0<f<127
d € [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register ‘f’ are
incremented. If ‘d’ = 0, the result
is placed in the W register. If
‘d’ = 1, the result is placed back in
register ‘f'.

INCFSZ Increment f, Skip if 0

Syntax: [label] INCFSZ f,d

Operands: 0<f<127
d € [0,1]

Operation: (f) + 1 — (destination),
skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are

incremented. If ‘d’ = 0, the result is
placed in the W register. If ‘'d’ = 1,
the result is placed back in
register ‘f.

If the resultis ‘1’, the next
instruction is executed. If the
result is ‘0", a NOP is executed
instead, making ita 2 Tcy
instruction.

© 2002-2013 Microchip Technology Inc.
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17.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
PIC24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. These compilers provide powerful integration
capabilities, superior code optimization and ease of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

17.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. These compilers provide powerful
integration capabilities, omniscient code generation
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

17.4 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

« Conditional assembly for multi-purpose
source files

« Directives that allow complete control over the
assembly process

17.5 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

» Enhanced code maintainability by grouping
related modules together

 Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

17.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

« Support for the entire device instruction set

» Support for fixed-point and floating-point data
e Command line interface

* Rich directive set

» Flexible macro language

* MPLAB IDE compatibility
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18.2 DC Characteristics: Power-Down and Supply Current
PIC16F87/88 (Industrial, Extended)
PIC16LF87/88 (Industrial) (Continued)
PIC16LF87/88 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial

PIC16F87/88
(Industrial, Extended)

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

Param
No.

Device Typ Max | Units Conditions
Supply Current (Ipp)@3
All devices| 1.8 23 mA -40°C
16 2.2 mA +25°C VDD = 4.0V
1.3 2.2 mA +85°C
- S Fosc = 20 MHz
All devices| 3.0 4.2 mA -40°C (HS Oscillator)
25 4.0 mA +25°C
VDD = 5.0V
25 4.0 mA +85°C
Extended devices| 3.0 5.0 mA +85°C

Legend:
Note 1:

Shading of rows is to assist in readability of the table.
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 VDD or Vss and all features that add delta
current disabled (such as WDT, Timerl1 Oscillator, BOR, etc.).
The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading
and switching rate, oscillator type and circuit, 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 /O pins tri-stated, pulled to VDD;

MCLR = VbD; WDT enabled/disabled as specified.
For RC oscillator configurations, 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.
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18.2 DC Characteristics: Power-Down and Supply Current
PIC16F87/88 (Industrial, Extended)
PIC16LF87/88 (Industrial) (Continued)

PIC16LF87/88
(Industrial)

Standard Operating Conditions (unless otherwise stated)
-40°C < Ta < +85°C for industrial

Operating temperature

PIC16F87/88

(Industrial, Extended)

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

Operating temperature

Pa;\:sm Device Typ Max | Units Conditions
Supply Current (Ipp)@3
PIC16LF87/88| .950 13 mA -40°C
.930 1.2 mA +25°C VDD = 3.0V
.930 1.2 mA +85°C Fosc = 8 MHz
All devices| 1.8 3.0 mA -40°C (RC_RUN mode,
1.7 28 mA +25°C Internal RC Oscillator)
VDD = 5.0V
1.7 2.8 mA +85°C
Extended devices| 2.0 4.0 mA +125°C
PIC16LF87/88 13 pA -10°C
14 pA +25°C VDD = 2.0V
11 16 pA +70°C
PIC16LF87/88| 12 34 pA -10°C Fosc = 32 kHz
12 31 pA +25°C VDD = 3.0V (SEC_RUN mode,
14 28 WA +70°C Timerl as clock)
All devices| 20 72 pA -10°C
20 65 pA +25°C VDD = 5.0V
25 59 pA +70°C

Legend: Shading of rows is to assist in readability of the table.

Note 1: 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 VDD or Vss and all features that add delta
current disabled (such as WDT, Timerl Oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
and switching rate, oscillator type and circuit, 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 /O pins tri-stated, pulled to VDD;

MCLR = VDD; WDT enabled/disabled as specified.

3:  For RC oscillator configurations, 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.
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18.5 Timing Parameter Symbology

The timing parameter symbols have been created
using one of the following formats:

1. TppS2ppS 3. Tcc:sT (1°C specifications only)
2. TppS 4.Ts (12C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OSC1
ck CLKO rd RD
cs [ w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in (0] TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \% Valid
L Low z High-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (IZC specifications only)
ccC
HD Hold SuU Setup
ST
DAT DATA input hold STO Stop condition
STA Start condition
FIGURE 18-3: LOAD CONDITIONS

Load Condition 1

\VDD/2
RL
Pin _T_ CL
Vss
RL = 464Q
CL = 50pF
15 pF for OSC2 output

Load Condition 2

for all pins except OSC2, but including PORTD and PORTE outputs as ports
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FIGURE 18-9: CAPTURE/COMPARE/PWM TIMINGS (CCP1)
CCP1
(Capture Mode) —m
! 50 51 —=! .
52

ccp1 ﬂ

(Compare or PWM Mode)

53 —=. = - <54

Note: Refer to Figure 18-3 for load conditions.

TABLE 18-7: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1)

Pilr:m Symbol Characteristic Min Typt|Max |Units| Conditions
50* TecL CCP1 No Prescaler 05Tcy +20f — | — ns
Input Low Time |\vjth pPrescaler |PIC16F87/88 10 — | — | ns
PIC16LF87/88 20 — | — ns
51* TccH CCP1 No Prescaler 05Tcy +20f — | — ns
Input High Time |\yith prescaler |PIC16F87/88 10 — | — | ns
PIC16LF87/88 20 — | — ns
52* TecP CCP1 Input Period 3Tcy+40 | — | — | ns |N=prescale
N value (1, 4 or 16)
53* TccR CCP1 Output Rise Time PIC16F87/88 — 10 | 25 | ns
PIC16LF87/88 — 25 | 50 ns
54* TccF CCP1 Output Fall Time PIC16F87/88 — 10 | 25 ns
PIC16LF87/88 — 25 | 45 ns

* These parameters are characterized but not tested.
T Datain “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 19-13: AVERAGE Fosc vs. VDb FOR VARIOUS VALUES OF R
(RC MODE, C = 300 pF, +25°C)
0.9
0.8 {
3.3 kOhm
> / \ \
\
06 —~
5.1 kOhm
¥ 051
= ]
g
L 0.4 1
\ 10 kOhm
0.3 \
0.2 {
0.1 {
— 100 kOhm
0.0 ; ; ;
2.0 25 3.0 35 4.0 4.5 5.0 5.5
VoD (V)
FIGURE 19-14: AlPD TIMER1 OSCILLATOR, -10°C TO +70°C (SLEEP MODE,
TMR1 COUNTER DISABLED)
5.0
2 /
Max (-10°C to +70°C)
4.0

_—

/

3.5 1 /
3.0 /
/
/

Typ (+25°C)
é - //—'
o % /
o
2.0
15
Typical: statistical mean @ 25°C
1.0 4 Maximum: mean + 3c (-40°C to +125°C)
Minimum: mean — 3o (-40°C to +125°C)
0.5
0.0 ; ; "
2.0 2.5 3.0 35 4.0 4.5 5.0 55

VDD (V)
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TMR1 Overflow Interrupt Enable (TMR1IE Bit) .......... 22
TMR2 to PR2 Match Interrupt Enable (TMR2IE Bit) ..22
Interrupts, Flag Bits
A/D Converter Interrupt Flag (ADIF Bit) .......ccccceeeuneene
AUSART Receive Interrupt Flag (RCIF Bit)
AUSART Transmit Interrupt Flag (TXIF Bit)
CCP1 Interrupt Flag (CCP1IF Bit) ....cccvvvviiiiiiiicis
Comparator Interrupt Flag (CMIF Bit) ......ccccovevviinenns
EEPROM Write Operation Interrupt Flag (EEIF Bit) ..25
Interrupt-on-Change (RB7:RB4) Flag (RBIF Bit) 21, 142
Oscillator Fail Interrupt Flag (OSFIF Bit) .......ccceeveenee 25
RBO/INT Flag (INTOIF Bit) ....ccveeevenieieiinece s 21
Synchronous Serial Port (SSP) Interrupt Flag (SSPIF Bit)

TMRO Overflow Flag (TMROIF Bit)

TMR1 Overflow Interrupt Flag (TMR1IF Bit) .............. 23

TMR2 to PR2 Interrupt Flag (TMR2IF Bit) ................. 23
INTRC Modes

AJUSTMENT ..ot 40
L
Loading of PC .....ocoiiiiiiiccc e 27
Low Voltage ICSP Programming ..........cccocceeeriveeennneennnns 150
M
Master Clear (MCLR)

MCLR Reset, Normal Operation ...................... 134, 137

MCLR Reset, SIEEp .....occoveviiiiiiiicenieeecee 134, 137

Operation and ESD Protection ............ccceevvveeniineenn. 135
Memory Organization ...........ccccceevieniiieniiniie e 13

Data MemMOTIY .......cocooiiiiiiiiiiie e 13

Program MemOIY .......ocociiieiiieiiieeee e 13
Microchip Internet Web Site . ...226
MPLAB ASM30 Assembler, Linker, Librarian .................. 160
MPLAB Integrated Development Environment Software .159
MPLAB PM3 Device Programmer ...........ccoccvevveecreennennnn. 162
MPLAB REAL ICE In-Circuit Emulator System ................ 161
MPLINK Object Linker/MPLIB Object Librarian ............... 160
O
Opcode Field DeSCrptionS ........ccccevvveerivieeinieee e 151
OPTION_REG Register

INTEDG Bt ..o 20

PS2:PS0O BiS ..ccvvieeeiieieiiesrie e 20

PSABIt oo 20

RBPU Bit oo 20

TOCS Bl oo 20

TOSE Bt .oeeiiiiiieiree e 20
OSCCON REQJISLEN ..eeiiiieeeiiiee ettt 17
Oscillator Configuration ...........cccocveeiviveniiieene e 37

ECIO i

EXTRC i

HS .........

INTIO1 ...

INTIO2 ...

INTRC .o s

P

RC

RCIO e

X e
Oscillator Control Register

Modifying IRCF BItS ......ccceviiiiieiiiie e 43
Oscillator Delay upon Power-up, Wake-up and Clock Switch-

13T ST R PSPPSR 44
Oscillator Start-up Timer (OST) ...cccoveevivvieeiiieenniee. 131, 135
Oscillator SWItChing .......cccooviiiiiiiiiic e 41
OSCTUNE REQISEEr ...coviiiiiiiiieiiiieieeiee e 17

P
Packaging Information ............cccccveeiiiiiiiniicn s 207
MaArKING ....ooeiieiici e 207
Paging, Program MEemOIY .........cccccevieriiieiieniiieiienieeesiee s 27
PCL Register ........ccccceeene ... 16,17, 27
PCLATH Register ... 16,17, 27
PCON REQISIEN ...t 17, 136
BOR Bt ..o
POR Bit cooooeeeeeceeeceeees e
PIEL REQISIET ..ottt e
ADIE Bit oo
CCPLIE Bit vt
RCIE Bt .eviiiiiiiceieree e
SSPIE Bit .....
TMRL1IE Bit ..
TMR2IE Bit .. .
TXIE Bit oo
PIE2 REQISIET ...ttt
CMIE Bit ..ot
EEIE Bit ...ooiiiiiiii s
OSFIE Bit ..oooiveeciiie ettt
Pinout Descriptions
PICLEF87/88 ......cccveiiiiiiiiiiiiiiice s 10
PIRL REGISIEN ....viiiiiiiiiieiiiie et e 16
ADIF BIt oottt 23
CCPLIF Bit oo 23
RCIF Bt ..ottt 23
SSPIF Bit .eioiieeiiiiecit e 23
TMRLIF Bit oo 23
TMR2IF Bit ... .23
TXIF Bit ........ .23
PIR2 Register ... .. 16
CMIF Bit oo 25
EEIF Bit ..ooiiiieiieiie et 25
OSFIF Bit oo 25
POP 27

POR. See Power-on Reset.

PORTA oo
Associated Register Summary .

PORTA REQISIEN ..c.vviiiiiiiiiiie et e

PORTB ..o
Associated Register Summary
PORTB REQIStEr ......ccovviiiiiieiiiiiicciceiieniee e
Pull-up Enable (RBPU Bit) .......cccooeviiieiiiieeieeee.
RBO/INT Edge Select (INTEDG Bit) ......ccccccevvernenne. 20
RBO/INT Pin, External
RB2/SDO/RX/DT Pin
RB5/SS/ITXICK Pin ......ocvveene .
RB7:RB4 Interrupt-on-Change ..........ccccccecvienieeneen. 142
RB7:RB4 Interrupt-on-Change Enable (RBIE Bit) ... 142
RB7:RB4 Interrupt-on-Change Flag (RBIF Bit) .. 21, 142
TRISB REGISIEN ..ottt 99

Postscaler, WDT
Assignment (PSA Bit) ...........
Rate Select (PS2:PS0 Bits)

Power-Down Mode. See Sleep.

Power-Managed MOUES .........ccooviiieiiiiieiiee e 45
RC_RUN ..o 45
SEC_RUN .ot 46
SEC_RUN/RC_RUN to Primary Clock Source .......... 47

Power-on Reset (POR) .......coovriniinne 131, 134, 135, 137
POR Status (POR Bit) .............

Power Control (PCON) Register ..
Power-Down (PD Bit) ...............
Time-out (TO Bit) ..ecovcvveiiiiieeieee e

Power-up Timer (PWRT) ...coooviiiiiiieeeeeeeiee e
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STATUS Register
C Bt i 19

Synchronous Master Reception

Associated RegiSters .........ccoveevieiieiciieniiinieeieene 112
Synchronous Master Transmission

Associated REQISIErS ........ccccveviieeiiiiieiieee e 111
Synchronous Serial Port (SSP) .....ccceveiiiiiiiiiieece e 89

OVEIVIEW .ttt 89

SPIMOE .. 89
Synchronous Slave Reception

Associated RegiSters .........ccoceevieiieiiieniiiniee e 114
Synchronous Slave Transmission

Associated RegiSters .........ccoceevieiiieiciieniiiniee e 113
T
TACKPSO Bit .veveeiieieeiieiiieie st 74
TICKPSL Bit oo 74
TLCON REQGISLEN .ottt 16

T10SCEN Bit ...
T1SYNC Bit ....

T2CKPSO0 Bit .. .82
T2CKPSL Bit ceveveeieieeiie sttt 82
T2CON REQGISLEN .ot 16
TAA i 120
TiME-0Ut SEQUENCE .....ocuviiiiieiiiiiieeiee et 136
TIMEIO oot 69

Associated REgISIErS ........cccceviivieeriiiie e 71

Clock Source Edge Select (TOSE Bit) ........ccocevveevens 20

Clock Source Select (TOCS Bit) .....occovvverriveriiiiieenns 20
External CloCK .........ccccoiviiiiiiiiiiiii e, 70
INEEITUPL .o 69
OPEIAtiON it 69
Overflow Enable (TMROIE Bit) ........ccoccveviieeniiieeeenes 21
Overflow Flag (TMROIF Bit) .....cccccovviiviiieniiniieeen. 142
Overflow Interrupt .............. ... 142

Prescaler ... .70
TOCKI ittt 70
TIMEIL Lo 73
Associated REgISIErS .......occccvvvivieiiiiieeiiie e 79
Capacitor Selection ..........ccocvevieiiiciiecieee s 77
Counter OPeration ...........cceeeieeenireeeniree e sneeeeeee 75
OPEIAtiON ettt 73
Operation in Asynchronous Counter Mode ................ 76
Reading and Writing .........cccccoviieiiiieennieeeeen, 76
Operation in Synchronized Counter Mode ................. 75
Operation in Timer Mode .........cccccoeeiviiiiiiniiiniieiiees 75
OSCIllAtOr ....oeoiiiiiiiiie e 77
Oscillator Layout Considerations ...........ccccoceveerveeennns 77
Prescaler ... 78
Resetting Timerl Register Pair ..........cccoeiviiecnennne.

Resetting Timerl Using a CCP Trigger Output ..
Use as a Real-Time Clock .
TIMEr2 oo

Associated REgISIErS ........ccccceviieeiriiiieiiiies e

OUIPUL <. 81
POSESCAlEr ..o 81
PreSCaler ..o 81
Prescaler and Postscaler .........occcceeviiieeiiieeniieee e 81

Timing Diagrams

AID CONVEISION ...ttt 191
Asynchronous Master Transmission ...........c.ccccvueee.. 105
Asynchronous Master Transmission (Back to Back) 105
Asynchronous Reception ... 106
Asynchronous Reception with Address Byte First ... 109
Asynchronous Reception with Address Detect ........ 109
AUSART Synchronous Receive (Master/Slave) ...... 189
AUSART Synchronous Transmission (Master/Slave) ...
189
Brown-out Reset ..........ccceiiiiiiiiiiii s 181
Capture/Compare/PWM (CCP1) ....ccccovevvvveeniieene 183
CLKO and I/O ......ccovevvveiienn, 180
External Clock . 179
Fail-Safe Clock Monitor ..... 146
12C BUS DALA -..oocvvvvenercereeeseeseiseees e 187
12C BUS Start/Stop BitS ..........cocevveveereeeeeceieieeeenens 186
12C Reception (7-Bit ADAress) ..........ccoccoeevevveerneneen. 96
12C Transmission (7-Bit Address) ...........cccccceeeuerenen. 96

Primary System Clock After Reset (EC, RC, INTRC) 50
Primary System Clock After Reset (HS, XT, LP) ..

PWM OUEPUL ..o
Reset, Watchdog Timer, Oscillator Start-up Timer and
Power-up TIMEr ........ccooveieiiieiiiieeeiiee e 181
Slow Rise Time (MCLR Tied to Vdd Through RC Net-
WOTK) ittt 140
SPI Master Mode ..........ccceeiiiiiiniiiiicecieis 93
SPI Master Mode (CKE =0, SMP = 0) ......ccceecveneee. 184
SPI Master Mode (CKE =1, SMP =1) .... ... 184
SPI Slave Mode (CKE = 0) ......cccccvvenenne .93, 185
SPI Slave Mode (CKE = 1) ...... . 93,185
Switching to SEC_RUN Mode .........cccccecvvviiiiniiinnens 46
Synchronous Reception (Master Mode, SREN) ...... 113
Synchronous TransmisSSioN ........c.cccccvvevcieriiinieeennne. 111
Synchronous Transmission (Through TXEN) .......... 111
Time-out Sequence on Power-up (MCLR Tied to Vdd
Through Pull-up ReSistor) ........ccccccceciinieineene 139
Time-out Sequence on Power-up (MCLR Tied to Vdd
Through RC Network): Case 1 ...........ccceeeneeee. 139
Time-out Sequence on Power-up (MCLR Tied to Vdd
Through RC Network): Case 2 .........ccccoeveeeneene 139
Timer0 and Timerl External Clock .............ccocene. 182
Timerl Incrementing Edge .........cccocveiieniiiiiiinnieene. 75
Transition Between SEC_RUN/RC_RUN and Primary
ClOCK . 48
Two-Speed Start-up Mode ........ccccocevvevieniciiiennene. 145
Wake-up from Sleep via Interrupt ...........cccoceevneene. 148
XT, HS, LP, EC and EXTRC to RC_RUN Mode ........ 45
Timing Parameter Symbology ..........ccccovviinieiiiiniiecnnne 178
Timing Requirements
AID CONVEISION ...
AUSART Synchronous Receive ...........
AUSART Synchronous Transmission ...
Capture/Compare/PWM (CCP1) ..........
CLKO @Nnd /O ...vvieiecieireeeeee e
External ClOCK .........cooeeiiiiiiiniieiieec e
12C BUS DA ...ocoovvecercveeveeeeeeeeeeesaesee e seesssans e
12C BUS Start/Stop BitS ..........cocvveerrveresrerieeresinnns

Reset, Watchdog Timer, Oscillator Start-up Timer, Pow-
er-up Timer and Brown-out Reset ... 181

SPIMOAE ..ccovveeciiiieeee e 186
Timer0 and Timerl External Clock ..............ccecuvnne. 182
TMRO REQISTEN oot 16, 18
TMRLCS Bit cooiviieciiie ettt 74
TMRIH REQGISLEr ...ooiiiiiiiiiiicciiec e 16
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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