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PIC16F87XA
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP | PLCC | TQFP | QFN | I/O/P Buffer Descrition
Pin# | Pin# | Pin# | Pin# | Type Type P
PORTC is a bidirectional 1/O port.

RCO/T10SO/T1CKI 15 16 32 34 ST

RCO lfe} Digital I/O.

T10SO (@] Timerl oscillator output.

T1CKI | Timerl external clock input.
RC1/T10Sl/CCP2 16 18 35 35 ST

RC1 lfe} Digital I/O.

T10SI | Timerl oscillator input.

CCP2 l{e] Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 36 ST

RC2 I{e] Digital I/O.

CCP1 1/0 Capturel input, Comparel output, PWM1 output.
RC3/SCK/SCL 18 20 37 37 ST

RC3 lfe} Digital I/O.

SCK 1/0 Synchronous serial clock input/output for SPI

mode.
SCL 110 Synchronous serial clock input/output for 1’c
mode.

RC4/SDI/SDA 23 25 42 42 ST

RC4 110 Digital I/O.

SDI | SPI data in.

SDA 110 12C data I/O.
RC5/SDO 24 26 43 43 ST

RC5 110 Digital I/O.

Sbo (0] SPI data out.
RC6/TX/CK 25 27 44 44 ST

RC6 lfe} Digital I/O.

TX (@] USART asynchronous transmit.

CK 1/0 USART1 synchronous clock.
RC7/RX/IDT 26 29 1 1 ST

RC7 lfe} Digital I/O.

RX | USART asynchronous receive.

DT 1/0 USART synchronous data.
Legend: |=input O = output I/O = input/output P = power

— =Notused TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address|  Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitO Q/SE,EBOSF:Q an;zgi:
Bank 2
100n® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000| 31, 150
101h TMRO Timer0 Module Register xxxx xxxx| 55,150
102h®  |pPCL Program Counter’s (PC) Least Significant Byte 0000 0000| 30, 150
103h® | STATUS IRP | RP1 | RPO | TO | PD | z | DC | C  |0001 1xxx| 22,150
104h® |FSR Indirect Data Memory Address Pointer xxxx xxxx| 31,150
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx| 45,150
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10AhL3) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000]| 30,150
10Bh® |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF [0000 000x| 24,150
10Ch EEDATA EEPROM Data Register Low Byte xxxx xxxx| 39,151
10Dh EEADR EEPROM Address Register Low Byte xxxx xxxx| 39,151
10Eh EEDATH — — EEPROM Data Register High Byte --xx xxxx| 39,151
10Fh  |EEADRH — — — | —® |EEPROM Address Register High Byte -~ xxxx| 39, 151
Bank 3

180h®  [INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 0000| 31, 150
181h OPTION_REG| RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PSs1 | PSO |1111 1111] 23,150
182h® |pCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
183h®) | STATUS IRP | RP1 | RPO | TO | PD | z | DC | C  |0001 1xxx| 22,150
184h® |FSR Indirect Data Memory Address Pointer xxxx xxxx| 31,150
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111| 45,150
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18Ah%3) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000]| 30,150
188h®) |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF [0000 000x| 24,150
18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000| 34,151
18Dh EECON2 EEPROM Control Register 2 (not a physical register)y ~ |-=-- ---- 39,151
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 the PC<12:8>, whose
contents are transferred to the upper byte of the program counter.
Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.
These registers can be addressed from any bank.
PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0’.
Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bitl | Bit0O : all other
POR, BOR
Resets
01h,101h TMRO TimerO Module Register XXXX XXXX[uuuu uuuu
0Bh,8Bh, INTCON GIE PEIE TMROIE | INTE | RBIE | TMROIF | INTF | RBIF |0000 000x|0000 000u
10Bh,18Bh
81h,181h OPTION_REG | RBPU | INTEDG TOCS TOSE | PSA PS2 PS1 PSO |1111 11111111 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by TimerO0.
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8.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

« Driven high

 Driven low

« Remains unchanged

The action on the pin is based on the value of control

bits, CCP1M3:CCP1MO (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

reset Timerl, but not set interrupt flag bit TMR1IF (PIR1<0>)
and set bit GO/DONE (ADCONO0<2>).

FIGURE 8-2:

Special Event Trigger

Set Flag bit CCP1IF

(PIR1<2>)
RC2/CCP1
1c cchchcPRlL
© S[] Qutnut
R Logic Match
s A
TRISC<2> TMR1H | TMRIL
Output Enable  ccp1CON<3:0>

Mode Select

8.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an
output by clearing the TRISC<2> bit.

Note:  Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to
the default low level. This is not the
PORTC /O data latch.

8.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode, or Synchro-
nized Counter mode, if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.2.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set, causing
a CCP interrupt (if enabled).

8.24 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special event trigger output of CCP2 resets the
TMRL1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note:  The special event trigger from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).

DS39582C-page 66
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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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FIGURE 9-5:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)
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FIGURE 9-6:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)
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I2C SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 9-10:
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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 40/44-pin
devices.

The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module
has high and low-voltage reference input that is soft-
ware 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
operate 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 Register 0 (ADCONO)
» A/D Control Register 1 (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
reference) or as digital 1/0.

Additional information on using the A/D module can be
found in the PIC® Mid-Range MCU 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
ADCS1 | ADCSO | CHS2 | CHs1 | CHso |GODONE| — | ADON
bit 7 bit 0
bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold)
ADCON1 ADCONO .
<ADCS2> | <ADCS1:ADCS0> Clock Conversion
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 11 Frc (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 Frc (clock derived from the internal A/D RC oscillator)

bit 5-3 CHS2:CHSO0: Analog Channel Select bits

000 = Channel 0 (ANO)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2)
011 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (AN5)
110 = Channel 6 (AN6)
111 = Channel 7 (AN7)

Note:  The PIC16F873A/876A devices only implement A/D channels O through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

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

When ADON = 1:

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

bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: A/D On bit

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

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

© 2001-2013 Microchip Technology Inc.
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11.4 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion

FIGURE 11-3: A/D CONVERSION Tab CYCLES

is aborted, the next acquisition on the selected channel
is automatically started. The GO/DONE bit can then be
set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time
segment has aminimum of Tcy and a maximum of TAD.

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

T b9 b8 b7 b6 b5

Conversion starts

Set GO bit

Tcyto TAD, TAD1 | TAD2  TAD3  TAD4 A TAD5 K TAD6 = TAD7  TaD8 TAD9 TAD10 TAD11

Holding capacitor is disconnected from analog input (typically 100 ns)

b4 b3 b2 bl b0

ADRES is loaded

GO bit is cleared

ADIF bit is set

Holding capacitor is connected to analog input

1141 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16 bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

FIGURE 11-4: A/D RESULT JUSTIFICATION

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result
justification. The extra bits are loaded with ‘0’'s. When
an A/D result will not overwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

ADFM =1

7 2107 0

0000 00 .

A J

Y
ADRESL

YT
10-bit Result

YT
ADRESH

Right Justified

10-bit Result

ADFM =0

N .
7 0765 0

. 0000 00

A J

YT
ADRESL

V)

YT
ADRESH

YT
10-bit Result

Left Justified
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12.1

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

Comparator Configuration

FIGURE 12-1:

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

Note:

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

mode change.

COMPARATOR I/0 OPERATING MODES

Comparators Reset
CM2:CMO0 =000

CM2:CMO =111

RAO/ANO —A ViN- 1 -

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

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

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

C1

c2

Comparators Off (POR Default Value)

Off (Read as ‘0’)

Off (Read as ‘0’)

Two Independent Comparators
CM2:CMO =010

RAO/ANQ —A— VN 1 -

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

c2 c20uUT
RA2/AN2 A ViNt |

CM2:CMO =011

Two Independent Comparators with Outputs

RAO/ANO —A— VIN- |

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

RAL/ANL —A VN |

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

Two Common Reference Comparators
CM2:CMO =100

RAO/ANO —2&—— VIN- |

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

c2 c20uUT
RA2/AN2 B LVIN* |

CM2:CMO =101

Two Common Reference Comparators with Outputs

RAO/ANO A V- |-

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

RAL/ANT —A [VIN- 1~

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

One Independent Comparator with Output
CM2:CMO0 = 001

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

CM2:CMO =110

Four Inputs Multiplexed to Two Comparators

A

RAOIANO — 5= vin-
AT *Cis=

RA3/AN3 o CIS=1 Vind c1 C10UT
A

RAVANL =20 oo |y IS

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

CVREF From Comparator

VREF Module

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

CIS (CMCON<3>) is the Comparator Input Switch.
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FIGURE 14-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1
MCLR
Internal POR ‘ :
! TPWRT
PWRT Time-out a— TOST —»
OST Time-out

Internal Reset

FIGURE 14-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
VDD —/ :
MCLR / E
Internal POR ‘ E :
TPWRT E
PWRT Time-out < TOST S
OST Time-out ‘ E
Internal Reset
FIGURE 14-9: SLOW RISE TIME (MCLR TIED TO VDD VIA RC NETWORK)
. 5V
VoD ov A

MCLR T
Internal POR | :

:<—>. '
" TPWRT 1+
.o

PWRT Time-out . ' |

|
OST Time-out : l
|
|

Internal Reset
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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-hit
immediate 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 € [0,1]

Operation: () > (destination)

Status Affected: Z

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

DECF Decrement f

Syntax: [label] DECF fd

Operands: 0<f<127
d e [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'.
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17.2 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial, Extended)
PIC16LF873A/874A/876A/877A (Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
DC CHARACTERISTICS -40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC specification
(Section 17.1)
Pilrsm Sym Characteristic Min |Typt| Max |Units Conditions
ViL Input Low Voltage
1/O ports:
D030 with TTL buffer Vss — (0.15VbD| V |For entire VDD range
DO0O30A Vss — 0.8V V 4.5V <VDD 5.5V
D031 with Schmitt Trigger buffer Vss — |(0.2VDD| V
D032 MCLR, OSCL1 (in RC mode) Vss — |02voD| V
D033 OSC1 (in XT and LP modes) Vss — 0.3V V |(Note 1)
OSCL1 (in HS mode) Vss — |(03VDD| V
Ports RC3 and RC4: —
D034 with Schmitt Trigger buffer Vss — | 0.3VDD| V |[Forentre VDD range
D034A with SMBus -0.5 — 0.6 V |For VDD = 4.5 10 5.5V
VIH Input High Voltage
1/0O ports: —
D040 with TTL buffer 2.0 — VDD V |4.5V <VDD <5.5V
DO040A 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 0.8VoDp | — | VDD v
DO042A OSCL1 (in XT and LP modes) 1.6V — VDD V |(Note 1)
OSCL1 (in HS mode) 0.7VoD | — VDD \%
D043 OSC1 (in RC mode) 09VDoD | — VDD \Y,
Ports RC3 and RC4:
D044 with Schmitt Trigger buffer 0.7VbD | — VDD V |For entire VDD range
DO044A with SMBus 1.4 — 55 V |For VDD =4.5t0 5.5V
D070 |lPurB |PORTB Weak Pull-up Current 50 250 400 pA |VDD =5V, VPIN = Vss,
-40°C 710 +85°C
I Input Leakage Current® 3)
D060 1/O ports — — +1 pA |Vss < VPIN < VDD,
pin at high-impedance
D061 MCLR, RA4/TOCKI — — +5 pA |Vss < VPIN < VDD
D063 0OSscC1 — — +5 pA |VSs <VPIN VDD, XT, HS
and LP osc configuration

* These parameters are characterized but not tested.

1t 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/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC16F87XA 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 18-5: TYPICAL IpD vs. Fosc OVER VDD (LP MODE)
70
Typical: statistical mean @ 25°C
Maximum: mean + 3c (-40°C to +125°C)
60 1 Minimum: mean — 3o (-40°C to +125°C) ——
|_—55V

s
|50V

S .

40 —
/ L — 40V

| 3.5vV—1

30 / ’/’—— —
J— L 3.0V —

\\
|

20 1
2.0V —
10
0 - - - "
20 30 40 50 60 70 80 90 100
Fosc (kHz)
FIGURE 18-6: MAXIMUM Ipbb vs. Fosc OVER VoD (LP MODE)
120
Typical: statistical mean @ 25°C 5.5V —1
Maximum: mean + 3o (-40°C to +125°C) —
100 Minimum: mean — 3c (-40°C to +125°C) /
1 /
/ 5.0V ——
_ '——-
/
/’ _
/
‘ _ /_— 4.0v—]
< -
2 604 3.5V =]
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o
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40 2.0V —
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FIGURE 18-13:

AlBOR vs. VDD OVER TEMPERATURE

1,000

Max (125°C)

Typ (25°C)

||

Device in
- -- —rm—— -
Indeterminant Sleep >
State
- -————=—=-- Devicein _ _ _ _ _ _ _ ____ -
- Reset
é 100
a
a
Note: Device current in Reset Max (125°C)
depends on oscillator mode,
frequency and circuit.
Typical: statistical mean @ 25°C Typ (25°C)
Maximum: mean + 3¢ (-40°C to +125°C)
Minimum: mean — 3c (-40°C to +125°C)
10 T T T
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
VDD (V)
FIGURE 18-14: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40°C TO +125°C)
50
45 . it
\ Typical: statistical mean @ 25°C
Maximum: mean + 3o (-40°C to +125°C)
40 \ Minimum: mean — 3c (-40°C to +125°C)
Max
(125°C)
» 30
é \
=}
o
E 25
5 2
= 20 1 (25°C)
Min
151 (-40°C)
10
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0 T T T T T
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located

at http://www.microchip.com/packaging

T

{ oo

d N

d N

d N

g P

d B

d B

d B

d B

d B

d B D

d B

d B

d B

d B

d B

d B

d B

ja B2 —-—

n { o1 Y
—— F ——— *
W A
ﬂ i T
T AL J L
[et—— B ——= B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 .175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top [¢] 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* 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-011
Drawing No. C04-016
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44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

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

Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 44 44

Pitch p .031 0.80

Pins per Side nl 11 11

Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00

Foot Angle ¢ 0 3.5 7 0 3.5 7
Overall Width E 463 A72 482 11.75 12.00 12.25
Overall Length D 463 472 482 11.75 12.00 12.25
Molded Package Width E1l .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top [¢] 5 10 15 5 10 15
Mold Draft Angle Bottom § 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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Special Function Registers .........ccoceecviiiieiiiniieiiece e 19
Special Function Registers (SFRS) ......ccccoevvieviiiiiiciieennn. 19
Speed, OPErating .......ccceerrvrreeriiiee et 1
SPIMode .....ccoevviiiiiieine. 71,77
Associated REgISIErS .......occciiiiiieiiiiee e 79
Bus Mode Compatibility ........ccccocoveeiiiiiieriieiniieees 79
Effects of a ReSet ........oceiiiiiiiiiiic e, 79
Enabling SPI /O ......cccoiiiiiiiiiicieee e 75
MaSter MOOE .......ocoviiieiiieie e 76
Master/Slave ConNection ..........c.cccvcvevveeiienicnneenene. 75
Serial ClOCK ......ccveiieiiiiiiiiiecie e 71
Serial Data IN ....cooeeiiiii 71
Serial Data OUL .......ccocuiiiiiiieie e 71
Slave SeleCt ......ccccieiiiiiii 71
Slave Select Synchronization ...........c.cccceevieeiiiieennnes i
Sleep OPEration .........cccocvrvienieiiiie et 79
SPICIOCK ittt 76
Typical CONNECLION .......ovviiiiieeiiiiie e 75
SPI Mode ReqUIremMents .........coceevveeiiinieeniieiie e 190
SS et 71
SSP
SPI Master/Slave CONNECtion .........c.ccecvveiviniiienieenns 75
SSPADD REQGISEN ....eeiiiiiiiiiiieirie et 20
SSPBUF REQISLEN ...cciviiiiiiieiiiieee e 19
SSPCON REJISIEN ...eeiiiiiiiiiiieirie et 19
SSPCON2 REGISLEN ...ccvviiiiiiiiiiitie et 20
SSPUF s 26
SSPOV ot e 101
SSPSTAT REQISIEr ..ot 20
R/W Bit ......... ..84,85
STACK ettt 30
OVEIIOWS ..ot 30
UNAErfloOW ....ooeiiiieee e 30
Status Register
C Bt ettt 22

Synchronous Master Reception

Associated Registers .........ccooceevieiieiiieeniiiniieieens 123
Synchronous Master Transmission

Associated REgISIErS ........ccccviiiiieiiiieeniieeeseee s 122
Synchronous Serial Port Interrupt ...........cccceevevvieiiciieennnn. 26
Synchronous Slave Reception

Associated REgISIErS .........ccccevviiieiiiieeniieeeseee e 125
Synchronous Slave Transmission

Associated RegiSters ........cccocevvieiieiieeniiinieeiieens 125
T
TACKPSO Bit ..o 57
TACKPSL Bit oo 57
TLCON REJISIEN ..ttt 19
TLIOSCEN Bil .ueiiiiiieiiieieeieeeeie e

T1SYNC Bit ....
T2CKPSO Bit ..

T2CKPS1 Bit .....

T2CON REQISLEN ...eevieeiiieee ettt 19
TAD 131
TiME-0Ut SEQUENCE .....ovviiiiiiiiiiiieeee e 148

TIMEI0 .ot 53
Associated RegiSters .........ccccvevvviiiiiiieiiiienieeneeeenn 55
Clock Source Edge Select (TOSE Bit) .......ccccceevvveennes 23
Clock Source Select (TOCS Bit) ............... .23

External Clock .

INterrupt ... ..53
Overflow Enable (TMROIE Bit) .........ccocevvveniiiiniiinninens 24
Overflow Flag (TMROIF Bit) .....ccocoveviiiiiieineenen. 24,154
Overflow INErrupt ......oovvieeiiiie e 154
Prescaler ... 54
TOCKI ettt 54
TimerO and Timerl External Clock Requirements ........... 185
TIMEIL Lo .. 57
Associated Registers ... ..60
Asynchronous Counter Mode .. ..59
Reading and Writing to ..........cccoevevieiiiiciiecinene 59
Counter OPeration .........cccoveeiviienieeieenieeseeeee e 58
Operation in TiImer Mode .........cccooveiiiiieiiiiee e 58
OSCIllALOr ...t 59
Capacitor Selection .... ..59
Prescaler ..o .. 60
Resetting of Timerl Registers ..........cccceeuee.. .. 60
Resetting Timerl Using a CCP Trigger Output ......... 59
Synchronized Counter Mode ..........ccovvveeiiiieiiiieenns 58
TMRIH oo 59
TMRIL it 59
TIMEI2 oo 61
Associated RegiSters .........ccccvevvviiviiiieiiieenieeneeenn 62
Output ..o
Postscaler ...
Prescaler ........ccccovvnieennn. .
Prescaler and Postscaler ..........ccccoovviiiniiinic e, 62
Timing Diagrams
AID CONVEISION ...oviniiiiiieiiieciiee ettt 195
Acknowledge Sequence ...........cccccvveveiieiiieiieenieenene. 104
Asynchronous Master Transmission ...........cccceevuvee.. 116
Asynchronous Master Transmission
(Back to BaCK) ......ccoeeveeeniiiiiieieee e 116
Asynchronous ReCeption ..........ccccccveernveeenineesnnnen. 118
Asynchronous Reception with
Address Byte First ........ccccoviniiiniciiienieciene 120
Asynchronous Reception with
Address Detect ........ccoevvieiiiiiieniccee e 120
Baud Rate Generator with Clock Arbitration .............. 98
BRG Reset Due to SDA Arbitration During
Start Condition ..........cceeviiriiiiiene e 107
Brown-out Reset ..o 184
Bus Collision During a Repeated
Start Condition (Case 1) .......cccoevveviiieriienniienns 108
Bus Collision During Repeated
Start Condition (Case 2) .......cccevvcvveeriveeeiinnens 108
Bus Collision During Start Condition
(SCLZ0) eviiiieiieeiie ettt 107
Bus Collision During Start Condition
(SDA ONIY) ot 106
Bus Collision During Stop Condition
(CASE 1) oot 109
Bus Collision During Stop Condition
(CASE 2) .o
Bus Collision for Transmit and Acknowledge ...
Capture/Compare/PWM (CCP1 and CCP2) ..
CLKO and /O ......oociieiiiiiiiic e
Clock Synchronization ............ccccoevvernieeeeiiieeeiiieens
External CloCK ..........occoviiiiiiiiiiiicc e
First Start Bit .......ccccovvvievieiiieieciece e
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