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PIC16F87X

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, on

BOR page:

Bank 1

80h() INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
81h OPTION_REG| RBPU | INTEDG | Tocs | TosE | pPsa | ps2 | pst | pso [i111 1111 19
82h©) PCL Program Counter (PC) Least Significant Byte 0000 0000 26
83h® | sTATUS rRp | rRra [ rRro | To | P | z | bpc | c ooo1 axxx| 18
84h@®) FSR Indirect Data Memory Address Pointer XXXK XKXXX 27
85h TRISA — | — | PORTA Data Direction Register --11 1111 29
86h TRISB PORTB Data Direction Register 1111 1111 31
87h TRISC PORTC Data Direction Register 1111 1111 33
88h*) TRISD PORTD Data Direction Register 1111 1111| 35
89h“ TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction Bits 0000 -111 37
8Ah(13) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
8Bh() INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
8Ch PIE1 PSPIE®@ ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRIIE | 0000 0000 21
8Dh PIE2 — (5) — EEIE BCLIE — — CCP2IE | -r-0 0--0 23
8Eh PCON = = = = = = POR BOR |---- -- qq| 25
8Fh — Unimplemented — —
90h — Unimplemented — —
91h SSPCON2 GCEN | AcksTaT | AckDT | AcKEN | RCEN | PEN | RSEN | SEN [o0000 oooo| 68
92h PR2 Timer2 Period Register 1111 1111 55

93h SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 | 73,74
94h SSPSTAT smp | cke | bA | p | s | rw | ua | BF [o000 oooo]| 66
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC | TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 95
99h SPBRG Baud Rate Generator Register 0000 0000 97
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh ADRESL A/D Result Register Low Byte XXXX XXXX 116
9Fh ADCON1 aorm | — | — — PCFG3 | PCFG2 | PCFG1 | PCFGO |o0--- 0000 | 112

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 the PC<12:8> whose

contents are transferred to the upper byte of the program counter.

alswn

Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0'.
PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.
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PIC16F87X

3.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the 12C module is enabled, the PORTC<4:3>
pins can be configured with normal I2C levels, or with
SMBus levels by using the CKE hit (SSPSTAT<6>).

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

PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,

FIGURE 3-5:

RC<7:5>
Port/Peripheral Select®
Peripheral Data Out 0 VDD
Data Bus
WR D Q P /10
Port CK\_Q 1 pint®
Data Latch %
D
WR Q
TRIS cK\_Q N
TRIS Latch

RD < ]/\ Vss
TRIS Schmitt K\
Trigger

Peripheral
0E®

’d 2 D
o fb@ — 1]

Peripheral Input

Note 1: 1/O pins have diode protection to VDD and Vss.

2: Port/Peripheral select signal selects between port
data and peripheral output.

3: Peripheral OE (output enable) is only activated if
peripheral select is active.

PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

FIGURE 3-6:

Port/Peripheral Select®

Peripheral Data Out

0 VbbD
Data Bus
WR P Q P |/Q(1)
in
Port e 1 P
Data Latch %
*~—
WR b Q
TRIS K0 N
TRIS Latch
RD q»——o< '7 Vss
RIS | Schmitt \
Trigger %7

Peripheral
OE® /I Q D Schmitt

Trigger

EN with

RD —I SMBuUs
Port . DC levels
SSPI Input

CKE
SSPSTAT<6>

Note 1: I/O pins have diode protection to VbD and Vss.
2: Port/Peripheral select signal selects between port data
and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select is active.

© 1998-2013 Microchip Technology Inc.
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REGISTER 3-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/W-0 RIW-0 u-0 RW-1  RMW-1  RMW-1
BF | oBF | 1BOV |PSPMODE| — Bit2 Bit1 BitO
bit 7 bit 0

Parallel Slave Port Status/Control Bits:
IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU

0 = No word has been received
OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word

0 = The output buffer has been read

IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A write occurred when a previously input word has not been read (must be cleared in

software)
0 = No overflow occurred
PSPMODE: Parallel Slave Port Mode Select bit
1 = PORTD functions in Parallel Slave Port mode
0 = PORTD functions in general purpose 1/0 mode
Unimplemented: Read as '0'
PORTE Data Direction Bits:
Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output
Bit1: Direction Control bit for pin RE1/WR/AN6
1 = Input
0 = Output
Bit0: Direction Control bit for pin REO/RD/ANS
1 = Input
0 = Output

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

© 1998-2013 Microchip Technology Inc.
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NOTES:
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
tion. The A/D conversion of the analog input signal
results in a corresponding 10-bit digital number. The
A/D module has high and low voltage reference input
that is software selectable to some combination of VDD,
Vss, RA2, or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D clock must be derived from the
A/D’s internal RC oscillator.

The A/D module has four registers. These registers
are:

« A/D Result High Register (ADRESH)

» A/D Result Low Register (ADRESL)

« A/D Control Register0 (ADCONO)

» A/D Control Registerl (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage refer-
ence), or as digital I/0.

Additional information on using the A/D module can be
found in the PIC® MCU Mid-Range Family Reference
Manual (DS33023).

REGISTER 11-1: ADCONO REGISTER (ADDRESS: 1Fh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0
ADCSL | ADCSO | CHS2 | CHSL | CHSO |GODONE| — ADON
bit 7 bit 0
bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32

11 = FRc (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS2:CHSO: Analog Channel Select bits

000 = channel 0, (RAO/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)
101 = channel 5, (REO/AN5)D)
110 = channel 6, (REL/AN6E)D
111 = channel 7, (RE2/AN7)D

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the A/D

conversion is complete)
bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating current

Note 1: These channels are not available on PIC16F873/876 devices.

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

W = Writable bit
"1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bitis cleared X = Bit is unknown

© 1998-2013 Microchip Technology Inc.
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11.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires a minimum 12TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The four possible options for TAD
are:

» 2Tosc

» 8Tosc

* 32Tosc

* Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock
(TAaD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 11-1: Tabvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCSO0 Max.
2Tosc 00 1.25 MHz
8Tosc 01 5 MHz
32Tosc 10 20 MHz
Rc(®:2.3) 11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 ps.

2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only recom-

mended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Sections 15.1 and 15.2).

11.3

The ADCONL1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or VoL) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device
specifications.

© 1998-2013 Microchip Technology Inc.
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12.2 Oscillator Configurations

12.2.1 OSCILLATOR TYPES

The PIC16F87X can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO0) 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

12.2.2 CRYSTAL OSCILLATOR/CERAMIC

RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 12-1). The
PIC16F87X oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions. When in XT, LP or HS modes, the device can
have an external clock source to drive the OSC1/
CLKIN pin (Figure 12-2).

FIGURE 12-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XT OR LP

OSC CONFIGURATION)

cll(l) osc1 {>O_¢
I l To

o1 Internal
:gRF@)

Logic

SLEEP

c2® PIC16F87X

Note 1: See Table 12-1 and Table 12-2 for recom-
mended 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 12-2:

EXTERNAL CLOCK INPUT

OPERATION (HS, XT OR

LP OSC

CONFIGURATION)

Clock from

% osc1
Ext. System PIC16F87X

Open -«—— OSC2

TABLE 12-1: CERAMIC RESONATORS
Ranges Tested:
Mode Freq. OSsC1 osc2
XT 455kHz | 68-100pF |68-100pF
2.0 MHz 15-68pF | 15-68 pF
4.0 MHz 15-68pF | 15-68 pF
HS 8.0 MHz 10 - 68 pF 10 - 68 pF
16.0 MHz 10 - 22 pF 10 - 22 pF

These values are for design guidance only.

See notes following Table 12-2.

Resonators Used:

455 kHz | Panasonic EFO-A455K04B +0.3%
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.

© 1998-2013 Microchip Technology Inc.
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12.10

The PIC16F87X family has up to 14 sources of inter-
rupt. The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has indi-
vidual and global interrupt enable bits.

Interrupts

Note: Individual interrupt flag bits are set, regard-
less of the status of their corresponding

mask bit, or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on RESET.

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

The RBO/INT pin interrupt, the RB port change inter-
rupt, and the TMRO overflow interrupt flags are con-
tained in the INTCON register.

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

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

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two-cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit, PEIE bit, or GIE bit.

FIGURE 12-9: INTERRUPT LOGIC
EEIF
EEIE
PSPIF
PSPIE
ADIF TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
INTF :1:}
INTE Interrupt to CPU
RBIF
RBIE
PEIE
CCP1IF
CCP1IE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMRI1IE
CCP2IF
CCP2IE
BCLIF
BCLIE

The following table shows which devices have which interrupts.

Device TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRL1IF | EEIF | BCLIF | CCP2IF
PIC16F876/873 | Yes | Yes | Yes — Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
PIC16F877/874 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes

© 1998-2013 Microchip Technology Inc.
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CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0 < k<2047

Operation: (PC)+ 1> TOS,
k - PC<10:0>,
(PCLATH<4:3>) - PC<12:11>

Status Affected:  None

Description: Call Subroutine. First, return
address (PC+1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALL is
a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
157

Status Affected: Z

Description: The contents of register 'f' are
cleared and the Z hit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
1527

Status Affected: Z

Description: W register is cleared. Zero bit (Z)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h - WDT
0 — WDT prescaler,
170
1->PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets
the prescaler of the WDT. Status
bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF fd

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

Operation: () > (destination)

Status Affected: Z

Description: The contents of register 'f' are
complemented. If 'd" is O, the
result is stored in W. If 'd" is 1, the
result is stored back in register 'f'.

DECF Decrement f

Syntax: [label] DECF f,d

Operands: 0<f<127
d € [0,1]

Operation: (f) - 1 —> (destination)

Status Affected: Z

Description: Decrement 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'.

DS30292D-page 138
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RLF Rotate Left f through Carry SLEEP
Syntax: [label] RLF f,d Syntax: [label] SLEEP
Operands: 0<f<127 Operands: None
de[01] Operation: 00h — WDT,
Operation: See description below 0 — WDT prescaler,
Status Affected: C 1-T0O,
0—-PD
Description: The contents of register f' are rotated . [ —
one bit to the left through the Carry Status Affected:  TO, PD L
Flag. If 'd' is O, the result is placed in Description: The power-down status bit, PD is
the W register. If 'd" is 1, the result is cleared. Time-out status bit, TO
stored back in register 'f. is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
RETURN Return from Subroutine SUBLW Subtract W from Literal
Syntax: [label] RETURN Syntax: [label] SUBLW k
Operands: None Operands: 0<k<255
Operation: TOS —» PC Operation: k- (W)— (W)
Status Affected:  None Status Affected: C, DC, Z
Description: Return from subroutine. The stack Description: The W register is subtracted (2's
is POPed and the top of the stack complement method) from the
(TOS) is loaded into the program eight-bit literal 'k'. The result is
counter. This is a two-cycle placed in the W register.
instruction.
RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF f,d Syntax: [label] SUBWF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d € [0,1]
Operation: See description below Operation: () - (W) — (destination)
Status Affected: C Status C,DC,z
Description: The contents of register 'f are Affected:
rotated one bit to the right through Description: Subtract (2's complement method)

the Carry Flag. If 'd' is O, the result
is placed in the W register. If 'd" is
1, the result is placed back in
register 'f'.

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

© 1998-2013 Microchip Technology Inc.
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15.2 DC Characteristics: PIC16F873/874/876/877-04 (Commercial, Industrial)
PIC16F873/874/876/877-20 (Commercial, Industrial)
PIC16LF873/874/876/877-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
DC CHARACTERISTICS 0°C <TA<+70°C for commercial
Operating voltage VDD range as described in DC specification
(Section 15.1)
P;a\:gm Sym Characteristic Min  |Typt| Max |Units Conditions
ViL |Input Low Voltage
1/0O ports
D030 with TTL buffer Vss — |0.15VDD| V  |For entire VDD range
D0O30A Vss — | 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss — | 0.2vDpD| V
D032 MCLR, OSC1 (in RC mode) Vss — | 0.2vDpD| V
D033 OSCL1 (in XT, HS and LP) Vss — | 0.3vbD| V [(Note 1)
Ports RC3 and RC4 —
D034 with Schmitt Trigger buffer Vss — | 0.3vDD| V |For entire VDD range
D034A with SMBus -0.5 — 0.6 V |for VDD = 4.5 to 5.5V
VIH |Input High Voltage
1/0O ports —
D040 with TTL buffer 2.0 — | VDD V |45V <VDD<5.5V
DO40A 0.25VpD | — VDD V |For entire VDD range
+0.8V
D041 with Schmitt Trigger buffer 0.8VbD | — VDD V |For entire VDD range
D042 MCLR 0.8vpD | — | VDD \Y
D042A OSC1 (XT, HS and LP) 0.7VvbD | — | VDD V |(Note 1)
D043 OSC1 (in RC mode) 09vDpD | — | VDD \Y
Ports RC3 and RC4
D044 with Schmitt Trigger buffer 0.7VbD | — VDD V |For entire VDD range
D044A with SMBus 1.4 — 5.5 V |for VDD = 4.5 to 5.5V
D070 IPURB |PORTB Weak Pull-up Current 50 250| 400 pA VDD =5V, VPIN = Vss,
-40°C 10 +85°C
It |input Leakage Current® 3)
D060 1/O ports — — +1 pA [Vss < VPIN < VDD,
Pin at hi-impedance
D061 MCLR, RA4/TOCKI — — +5 pA [Vss <VPIN < VDD
D063 0OsC1 — — +5 pA [Vss <VPIN VDD, XT, HS
and LP osc configuration

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.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16F87X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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FIGURE 15-6: EXTERNAL CLOCK TIMING
: Q4 i Q1

Q2

0OSC1

CLKOUT

TABLE 15-1: EXTERNAL CLOCK TIMING REQUIREMENTS

Parilrgeter Sym Characteristic Min | Typt Max | Units Conditions
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC| — 4 MHz | HS osc mode (-04)
DC — 10 MHz | HS osc mode (-10)
DC — 20 MHz | HS osc mode (-20)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 10 MHz | HS osc mode (-10)
4 — 20 MHz | HS osc mode (-20)
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 250 | — — ns |HS osc mode (-04)
100 — — ns |HS osc mode (-10)
50 — — ns |HS osc mode (-20)
5 — — us | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — ] 10,000| ns |XT osc mode
250 — — ns |HS osc mode (-04)
100 — 250 ns |HS osc mode (-10)
50 — 250 ns |HS osc mode (-20)
5 — — us | LP osc mode
2 Tcy | Instruction Cycle Time 200 Tey DC ns |Tcy =4/Fosc
(Note 1)
3 TosL, | External Clock in (OSC1) High or| 100 — — ns | XT oscillator
TosH | Low Time 25| — — 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/CLKIN 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 15-10:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI f
|

| < 40 > < 41 |
| i
|
| |
| 42 »-
|
y | I
RCO/T10SO/T1CKI / | J |
| | | | | |
L 45 - < 46 . | |
| a ol |
I |
- 47 - 48 -
I
TMRO or
TMR1 X
Note: Refer to Figure 15-5 for load conditions. |
TABLE 15-4: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pilr:m Symbol Characteristic Min Typt| Max |Units Conditions
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | — | ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns |N = prescale value
20 or Tcy + 40 (2, 4,..., 256)
N
45* Tt1H T1CKI High Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8 [Extended(LF) 25 — | — | ns
Asynchronous  |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
46* TtlL T1CKI Low Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8 |Extended(LF) 25 — — ns
Asynchronous  |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
47* Tt1P  |T1CKl input Synchronous Standard(F) Greater of: — — ns [N = prescale value
period 30 orR Tcy + 40 (1,2,4,8)
N
Extended(LF) Greater of: N = prescale value
50 OR TcY + 40 1, 2,4,8)
N
Asynchronous  |Standard(F) 60 — — ns
Extended(LF) 100 — — ns
Ftl Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 | TCKEZtmrl|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

+

These parameters are characterized but not tested.
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.

© 1998-2013 Microchip Technology Inc.

DS30292D-page 165




PIC16F87X

FIGURE 15-11: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10Sl/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10Sl/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53 —=.

Note: Refer to Figure 15-5 for load conditions.

TABLE 15-5: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pilroam Sym Characteristic Min Typt| Max | Units| Conditions

50* TecL |[CCP1 and CCP2 |No Prescaler 0.5Tcy +20 | — — ns
input low time Standard(F) 10 — — ns
With Prescaler Extended(LF) 20 — — ns
51* | TecH [CCP1 and CCP2 [No Prescaler 0.5Tcy +20 | — — ns
input high time Standard(F) 10 — — ns
With Prescaler Extended(LF) 20 — — ns

52* | TccP |CCP1 and CCP2 input period 3Tcy +40 — — ns [N = prescale

N value (1, 4 or 16)

53* | TccR |CCP1 and CCP2 output rise time | Standard(F) — 10 25 ns
Extended(LF) — 25 50 ns
54* | TccF |CCP1 and CCP2 output fall time | Standard(F) — 10 25 ns
Extended(LF) — 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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TABLE 15-12: PIC16F87X-04 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16F87X-10 (EXTENDED)
PIC16F87X-20 (COMMERCIAL, INDUSTRIAL)

PIC16LF87X-04 (COMMERCIAL, INDUSTRIAL)

PaNr(:;\m Sym Characteristic Min Typt Max Units Conditions

AO1 NR | Resolution — — 10-bits bit |VREF =VDD =5.12V,
Vss < VAIN < VREF

A03 EiL | Integral linearity error — — <z1 LSb |VREF =VDD =5.12V,
Vss < VAIN < VREF

AO4 EpL | Differential linearity error — — <x1 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF

A06 | EOFF | Offset error — — <2 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF

A07 EGN | Gain error — — <#1 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF

A10 | — |Monotonicity® — guaranteed — — | Vss < VAIN < VREF

A20 | VREF | Reference voltage (VREF+ - VREF-) 2.0 — VDD + 0.3 V | Absolute minimum electrical
spec. To ensure 10-bit
accuracy.

A21 | VRer+ | Reference voltage High AVDD - 2.5V AVDD +0.3V| V

A22 | VREF- | Reference voltage low AvVss - 0.3V VREF+-2.0V| V

A25 VAIN | Analog input voltage Vss-0.3V — VREF+ 0.3V \%

A30 | ZaIN | Recommended impedance of — — 10.0 kQ

analog voltage source
A40 IAD | A/D conversion Standard — 220 — pA | Average current consumption
current (VDD) Extended _ 90 _ uA when A/D is on (Note 1)

A50 IREF | VREF input current (Note 2) 10 — 1000 pA | During VAIN acquisition.
Based on differential of VHOLD
to VAIN to charge CHOLD, see
Section 11.1.

— — 10 pA | During A/D Conversion cycle
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.
Note 1: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.

2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
3: The A/D conversion result never decreases with an increase in the input voltage, and has no missing codes.
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FIGURE 16-5: TYPICAL IpD vs. Fosc OVER VDD (LP MODE)
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FIGURE 16-6: MAXIMUM Ipbb vs. Fosc OVER VDD (XT MODE)
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FIGURE 16-21: MINIMUM AND MAXIMUM VIN vs. VDD (ST INPUT, -40°C TO 125°C)
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FIGURE 16-22: MINIMUM AND MAXIMUM VIN vs. VDD (I2C INPUT, -40°C TO 125°C)
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44-L ead Plastic Leaded Chip Carrier (L) — Square (PLCC)

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

E—

El
|<— #leads=n1 —>|
imimininininininSsisl
O ul
O ul
O ul
O ul
O ul
O 0 D1 D
O ul
O ul
O ul
O ul
E ©) i
IS [ Ny N [ N [ Ny Ny Ny
nil?2
CH2 x 45° CH1 x 45° -
! ti” '
[
[ A
A2
350 A
£
B1
¢ ~ . B Al
p -
E2 1 [ D2 ——— =
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 a4
Pitch p .050 1.27
Pins per Side nl 11 11
Overall Height A .165 173 .180 4.19 4.39 4.57
Molded Package Thickness A2 .145 .153 .160 3.68 3.87 4.06
Standoff § Al .020 .028 .035 0.51 0.71 0.89
Side 1 Chamfer Height A3 .024 .029 .034 0.61 0.74 0.86
Corner Chamfer 1 CH1 .040 .045 .050 1.02 1.14 1.27
Corner Chamfer (others) CH2 .000 .005 .010 0.00 0.13 0.25
Overall Width E .685 .690 .695 17.40 17.53 17.65
Overall Length D .685 .690 .695 17.40 17.53 17.65
Molded Package Width E1l .650 .653 .656 16.51 16.59 16.66
Molded Package Length D1 .650 .653 .656 16.51 16.59 16.66
Footprint Width E2 .590 .620 .630 14.99 15.75 16.00
Footprint Length D2 .590 .620 .630 14.99 15.75 16.00
Lead Thickness c .008 .011 .013 0.20 0.27 0.33
Upper Lead Width B1 .026 .029 .032 0.66 0.74 0.81
Lower Lead Width B .013 .020 .021 0.33 0.51 0.53
Mold Draft Angle Top [¢] 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. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-047

Drawing No. C04-048
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PWM MOGE ....ooiiiiiiiiiiie et 61
BloCk Diagram .........ccoccvvevviniiiiniienie e 61
DUty CYCIE oo 61
Example Frequencies/Resolutions (Table) ........ 62
PWM Period ......cccoeviieiiiiiiciiieieee,

Special Event Trigger and A/D Conversions
CCP. See Capture/Compare/PWM

CCPLCON ..ottt 17
CCP2CON ..ot 17
CCPR1H REQISTEr ....oeeiiiiiiiiiiiie e 15,17,57
CCPRILL REQISIEN ...vviiiiiiiiiciieieee e 17,57
CCPR2H REQISIEN ...ociiieiiiiiec ittt 15,17
CCPR2L Register .. .. 15,17

CCPXMO DIt .. 58
CCPxM1 bit .... .58
CCPXM2 DIt . 58
CCPXMB DIt . 58
CCPXX DIt oo 58
CCPXY DIt oo 58
CKE ..oovveeee 66
CKP e s 67
Clock Polarity Select bit, CKP .........ccccceeriiiiiiiniiiiccicee 67
Code Examples
Call of a Subroutine in Page 1 from Page O ............... 26
EEPROM Data Read .........ccccocevviiiiiiiniciiecieceee 43
EEPROM Data WILe ......cooveiiiiiinienieeee e 43
FLASH Program Read ..........ccccoovvieiiiiieniieceieee e 44
FLASH Program WIte ........ccccceeiiiiniieniiiniieniecie e 45
Indirect AAAressing .........ccoceeeieeiiiniienieee e 27
Initializing PORTA ....oiiiiiee e 29
Saving STATUS, W and PCLATH Registers ........... 130
Code Protected Operation
Data EEPROM and FLASH Program Memory ........... 45
Code Protection ........cccccoceveviiiniiiiiienieeie e 119,133
Computed GOTO ..ccviiiiiiiieiiee e 26
Configuration Bits ..... ..119
Configuration Word .............. ...120
Conversion Considerations ..........c.cccecverieenieniiennesieens 198
D
DA oottt 66
Data EEPROM ......coooiiiiiiiicie et 41
Associated REgISIErS .......occcvviiiieeiiiee e 46
Code Protection ..........cccoccvvviiiiniiiciici s 45
REAAING ..eiivieie et 43
Special Functions RegiSters .........c.ccoovviveiiiniienieens 41
Spurious Write Protection .........ccccceevvveernieeesiieeennes 45
WIte VEIIfY oo 45
WIHItING 0 1ot 43
Data MEMOIY ...coooiiiiiiiieee e 12
Bank Select (RP1:RPO Bits) ... ..12,18
General Purpose RegiSters ........occoceeivieeriieeniieeeeanns 12
Register File Map ......cccocoviiiiieiiiie e 13,14
Special Function ReQISters ..........cccocovvveiinninnnnnan, 15
Data/Address bit, D/A .......cooieiiiiiiiiiiieee e 66
DC and AC Characteristics Graphs and Tables ............... 177

DC Characteristics
Commercial and Industrial .

Extended ........cccoviiininns .157-160
Development SUPPOIt .......cooviieiiiiieeiieie e 143
Device DIfferences ........coceoviiiiiieiiiiiiiie e 197
DEVICE OVEIVIEW ...ttt 5
DireCt AdAreSSING .....ccoveiiiireiiiiie e 27

E
Electrical CharacteristiCs ...........covevvviiieeeieiiiiiieeeeeeeiiiens 149
Errata .o 4

External Clock Input (RA4/TOCKI). See Timer0
External Interrupt Input (RBO/INT). See Interrupt Sources

F
Firmware INStructions ...........c.ccoeviiiiiiiiiiiiccc 135
FLASH Program Memory ..........cccocieiiiiiiiiiiniiie e 41
Associated REgISIErS ........cccevviiieriiiiiseee e 46
Code Protection ..........cccocciiiiiiiiiiiiiic e 45
Configuration Bits and Read/Write State .... .. 46
Reading ....cccvoviiieeieee e .44
Special Function Registers ... .41
Spurious Write Protection ..........cccceecvveviiniiiniennnes 45
Write Protection ..o, 46
WHIite VErIfY e 45
WIItING 0 . 44
FSR REQISEr ..veeieiiiieeiee e 15, 16, 17, 27
G
General Call Address SeqUENCE ...........ccceeevirveernineennneeenns 76
General Call Address SUppOrt ........ccccceeveeiieeiecnieeniennn 76
General Call Enable bit ...........cocooviiiiiiiiiiiceceeen 68
|
IO POIS i 29
T2C oo 73
12C Bus
Connection Considerations ............cccoccevveeiiieiiennenns 94
Sample Device Configuration .. .94
1°C Master Mode Reception ............. .. 84
12C Master Mode Repeated START Condition ... .81
12C MOdE SelIECHON .......ecveceeceeeiereeveeeeeeeeee e 73
12C Module
Acknowledge Sequence TimiNg ......cccecveeriveeeninnenn. 86
AAAreSSING ..vveveiiiiieeeie et 74
Associated Registers ... L T77
Baud Rate Generator ... .79
Block Diagram ............. .78
BRG Block Diagram .........cccceeeeeeiiienieinnienie e 79
BRG Reset due to SDA Collision ..........cccccccevieinnnen. 91
BRG TiMING .oioveiiiiiee e 80
Bus Arbitration ...........cccccciiiiiiiii e 89
Bus ColliSiON ........cccovviiiiiiiiii 89
ACKNOWIEAQE .....ovveiiiiiiieieeee e 89
Repeated START Condition ..........cccocoevvivveninene 92
Repeated START Condition Timing
(CASEL) oo 92
Repeated START Condition Timing
(CASE2) oo
START Condition .........cccoeviiiiiiiiiiiiieceen,
START Condition TimiNg ......cccceeeverivrrieennnn.
STOP Condition ........cccoceeeviiniinnnnnn.
STOP Condition Timing (Casel)
STOP Condition Timing (Case2) .
Transmit TIMING ...cccvveovierieeiee e
Bus Collision TiMING .....cccoeviieeeriieiieee e
Clock Arbitration ..........ccccceeiiiiiienieciiccee
Clock Arbitration Timing (Master Transmit) ............... 88
Conditions to not give ACK PUISE ........ccceecvvveiiineenns 74
General Call Address SUpport ........cccoceeevevvieenieeeninens 76
Master Mode .........cccovveviieineennnen. .. 78
Master Mode 7-bit Reception Timing .... ..85
Master Mode Block Diagram .........c.cccocvevveinienneene. 78
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PIC16F87X PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. z(l_ XX XXX
Device Temperature Package Pattern

Range

Device PIc16F87X(Y, PIC16F87XT@); VoD range 4.0V to 5.5V
PICc16LF87x™M), PIC16LF87XT?); VoD range 2.0V to 5.5V

Frequency Range 04 = 4MHz
10 = 10 MHz
20 = 20 MHz

Temperature Range blank = 0°C to +70°C (Commercial)
| = -40°C to +85°C (Industrial)
E = -40°C to +125°C (Extended)

Package PQ = MQFP (Metric PQFP)
PT = TQFP (Thin Quad Flatpack)
SO = SOIC
SP = Skinny plastic DIP
P = PDIP
L = PLCC

Examples:

a)

b)

©)

Note

PIC16F877 - 20/P 301 = Commercial temp.,
PDIP package, 4 MHz, normal VDD limits, QTP
pattern #301.

PIC16LF876 - 041/SO = Industrial temp., SOIC
package, 200 kHz, Extended VDD limits.
PIC16F877 - 10E/P = Extended temp., PDIP
package, 10MHz, normal VDD limits.

1: F =CMOSFLASH
LF = Low Power CMOS FLASH
2: T =intape and reel - SOIC, PLCC,
MQFP, TQFP packages only.

* JW Devices are UV erasable and can be programmed to any device configuration. JW Devices meet the electrical requirement of

each oscillator type.

Sales and Support

Data Sheets

1. Your local Microchip sales office
2. The Microchip Worldwide Site (www.microchip.com)

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.
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