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PIC16F87X

Key Features

PIC® MCU Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memor
(14-bi?words) ’ aK aK 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
1/0 Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions
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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 2
100h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
101h TMRO TimerO Module Register XXXK XXXX a7
102h®) PCL Program Counter's (PC) Least Significant Byte 0000 0000 26
103h® [ sTATUS RP | RrRP1 | RPO To m | z | bc | c  Jooor 1xxx| 18
104h®) FSR Indirect Data Memory Address Pointer XXXX XXXX 27
105h — Unimplemented = —
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXK XXXX 31
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah13) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
10B8h® | INTCON GIE PEIE TOIE NTE | RBE | TOF INTF RBIF | 0000 o0oox| 20
10Ch EEDATA EEPROM Data Register Low Byte XXXK XXXX 41
10Dh EEADR EEPROM Address Register Low Byte XXXK XXXX 41
10Eh EEDATH — — EEPROM Data Register High Byte XXXK XKXXX 41
10Fh EEADRH — — — | EEPROM Address Register High Byte XXXX XXXX 41
Bank 3
180h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
181h OPTION_REG| RBPU | INTEDG | Tocs | Tose | Psa | ps2 | psi | Pso |1111 1111] 19
182h®) PCL Program Counter (PC) Least Significant Byte 0000 0000 26
183h® | sTATUS rRp | rea [ rRro | To | Pb | z [ bc | c |ooo1 axxx| 18
184h@) FSR Indirect Data Memory Address Pointer XXXX XXXX 27
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 31
187h — Unimplemented = —
188h — Unimplemented — —
189h — Unimplemented = —
18AhL3) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
18Bh®) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000 | 41,42
18Dh EECON2 EEPROM Control Register2 (not a physical register) | oo oo 41
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.

Note 1:

arwn

Shaded locations are unimplemented, read as ‘0’.
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 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.

© 1998-2013 Microchip Technology Inc.
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PIC16F87X

2.2.2.2 OPTION_REG Register

The OPTION_REG Register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single assign-

Note:  To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Note:

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RMW-1  RMW-1 RW-1  RMW-1 RMW-1  RW-1
RBPU | INTEDG | Tocs | ToSE | PsA | Ps2 PS1 PSO
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)
TOSE: TMRO Source Edge Select bit

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

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 116 1:8

100 1:32 1:16

101 164 1:32

110 1:128 1:64

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

When using low voltage ICSP programming (LVP) and the pull-ups on PORTB are enabled, bit 3
in the TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper oper-
ation of the device

© 1998-2013 Microchip Technology Inc. DS30292D-page 19
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7.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

7.2 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
SSP module, which optionally uses it to generate shift

« awrite to the TMR2 register clock.

« awrite to the T2CON register
« any device RESET (POR, MCLR Reset, WDT
Reset, or BOR)

TMR2 is not cleared when T2CON is written.

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 pspIF() ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 psPIE®) ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE [ 0000 0000|0000 0000
11h TMR2 Timer2 Module’s Register 0000 0000 | 0000 0000
12h T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPS0 | -000 0000 [ -000 0000
92h PR2 Timer2 Period Register 1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

» 16-bit Capture register
» 16-bit Compare register
 PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 8-1 and Table 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCP module
is described with respect to CCP1. CCP2 operates the
same as CCP1, except where noted.

CCP1 Module:

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. The special event trigger is
generated by a compare match and will reset Timer1.

CCP2 Module:

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by a compare match and will reset Timerl
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modules is available in
the PIC® MCU Mid-Range Family Reference Manual
(DS33023) and in application note AN594, “Using the
CCP Modules” (DS00594).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture | Same TMR1 time-base
Capture Compare | The compare should be configured for the special event trigger, which clears TMR1

Compare Compare | The compare(s) should be configured for the special event trigger, which clears TMR1

PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt)
PWM Capture | None
PWM Compare |None

© 1998-2013 Microchip Technology Inc.
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8.1 Capture Mode

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

« Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

The type of event is configured by control bits
CCP1M3:CCP1M0O (CCPxCON<3:0>). When a cap-
ture is made, the interrupt request flag bit CCP1IF
(PIR1<2>) is set. The interrupt flag must be cleared in
software. If another capture occurs before the value in
register CCPRL1 is read, the old captured value is over-
written by the new value.

8.1.1 CCP PIN CONFIGURATION

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

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

ture condition.

FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
RC2/CCP1 Set Flag bit CCP1IF
pin (PIR1<2>)

Prescaler
[Ei}__ +1,4,16

| CCPR1H | CCPRIL |

and | Capture
edge detect Enable

)( ,F | TMR1H | TMRIL |

CCP1CON<3:0>

Qs

8.1.2 TIMER1 MODE SELECTION

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

8.1.3 SOFTWARE INTERRUPT

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

8.1.4 CCP PRESCALER

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

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

EXAMPLE 8-1: CHANGING BETWEEN

CAPTURE PRESCALERS

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

; the new prescaler

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

MOVWF CCP1CON

© 1998-2013 Microchip Technology Inc.
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REGISTER 9-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit

SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

RIW-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P s | RW | uva | BF
bit 7 bit 0

SMP: Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in slave mode

In 12C Master or Slave mode:

1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)

CKE: SPI Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4)

SPI_mode:

For CKP =0

1 = Data transmitted on rising edge of SCK

0 = Data transmitted on falling edge of SCK

For CKP =1

1 = Data transmitted on falling edge of SCK

0 = Data transmitted on rising edge of SCK

In 12C Master or Slave mode:

1 = Input levels conform to SMBus spec

0 = Input levels conform to 1’c specs

D/A: Data/Address bit (I°C mode only)

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address

P: STOP bit

(IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a STOP bit has been detected last (this bit is '0' on RESET)

0 = STOP bit was not detected last

S: START bit

(IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a START bit has been detected last (this bit is '0' on RESET)

0 = START bit was not detected last

R/W: Read/Write bit Information (I2C mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next START bit, STOP bit or not ACK bit.

In I2C Slave mode:

1 = Read

0 = Write

In 12C Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress

Logical OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in IDLE mode.
UA: Update Address (10-hit I°C mode only)

1 = Indicates that the user needs to update the address in the SSPADD register

0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and 12C modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit (12C mode only):

1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bits), SSPBUF is empty

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

DS30292D-page 66
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1°C MASTER MODE TIMING (RECEPTION, 7-BIT ADDRESS)

FIGURE 9-15:
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9.2.18.2 Bus Collision During a Repeated

START Condition

During a Repeated START condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes

from low level to high level.
SCL goes low before SDA is asserted low, indi-

cating that another master is attempting to trans-
mit a data '1’.

b)

When the user de-asserts SDA and the pin is allowed
to float high, the BRG is loaded with SSPADD<6:0>
and counts down to 0. The SCL pin is then de-asserted,
and when sampled high, the SDA pin is sampled. If
SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data’0’). If, however,

SDA is sampled high, the BRG is reloaded and begins
counting. If SDA goes from high to low before the BRG
times out, no bus collision occurs, because no two
masters can assert SDA at exactly the same time.

If, however, SCL goes from high to low before the BRG
times out and SDA has not already been asserted, a
bus collision occurs. In this case, another master is
attempting to transmit a data’'l’ during the Repeated
START condition.

If at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low, the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated START condition is
complete (Figure 9-23).

FIGURE 9-23: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL T
Sample SDA when SCL goes high.
If SDA =0, set BCLIF and release SDA and SCL.
RSEN ‘
BCLIF |
Cleared in software
S 0 '0'
sspIF O o
FIGURE 9-24: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
i TBRG i TBRG i
SbA 7 o
SCL / N
SCL goes low before SDA,
BCLIF Set BCLIF. Release SDA and SCL. |
Interrupt cleared
in software
RSEN |
S 0 0
SSPIF o o
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Connection Considerations for
12C Bus

For standard-mode 12C bus devices, the values of
resistors R, and Rg in Figure 9-27 depend on the fol-
lowing parameters:

9.3

» Supply voltage

» Bus capacitance

« Number of connected devices
(input current + leakage current)

The supply voltage limits the minimum value of resistor
Rp, due to the specified minimum sink current of 3 mA at
VoL max = 0.4V, for the specified output stages. For

FIGURE 9-27:

example, with a supply voltage of VDD = 5V+10% and
VoL max=0.4V at3 mA, R, min = (5.5-0.4)/0.003 = 1.7 kQ.
VDD as a function of Ry, is shown in Figure 9-27. The
desired noise margin of 0.1VDD for the low level limits
the maximum value of Rg. Series resistors are optional
and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections, and pins. This capacitance limits the max-
imum value of R, due to the specified rise time
(Figure 9-27).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register, and controls the slew rate
of the I/O pins when in I2C mode (master or slave).

SAMPLE DEVICE CONFIGURATION FOR I°C BUS

VDD + 10%

SDA

DEVICE

SCL

connected.

Note: I2C devices with input levels related to VDD must have one common supply line to which the pull-up resistor is also

% JT» C,=10 - 400 pF

DS30292D-page 94
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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
is aborted, a 2TAD wait is required before the next

FIGURE 11-3:

acquisition is started. After this 2TAD wait, 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 seg-
ment has a minimum 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:

A/D CONVERSION Tab CYCLES

Tcyto TAD, TAD1 | TAD2 | TAD3 | TAD4  TaD5  TaD6  TaD7 | TAD8 & Tap9 TAD10 TAD1l

T b9 b8 b7 b6

Conversion starts

Set GO bit

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

b5 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

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi-
fication. 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.

FIGURE 11-4: A/D RESULT JUSTIFICATION
10-bit Result
ADFM = 1 ADFM =0
, N . A
7 2107 0 7 0765 0
000000 . . 0000 00
~ 8 ~ ’ ~ ~ ~ !
ADRESH ADRESL ADRESH ADRESL
~" - = ~" ~
10-bit Result 10-bit Result
Right Justified Left Justified

DS30292D-page 116
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FIGURE 12-6:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT

' <—ToST—>

FIGURE 12-7:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

g

TPWRT

' <—TOST—>

FIGURE 12-8:

SLOW RISE TIME (MCLR TIED TO VDD)
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TABLE 13-2: PIC16F87X INSTRUCTION SET

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

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

Note:  Additional information on the mid-range instruction set is available in the PIC® MCU Mid-Range Family Ref-
erence Manual (DS33023).
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15.1

DC Characteristics: PIC16F873/874/876/877-04 (Commercial, Industrial)
PIC16F873/874/876/877-20 (Commercial, Industrial)
PIC16LF873/874/876/877-04 (Commercial, Industrial)

PIC16LF873/874/876/877-04
(Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
0°C < TA < +70°C for commercial

PIC16F873/874/876/877-04 Standard Operating Conditions (unless otherwise stated)
PIC16F873/874/876/877-20 Operating temperature  -40°C < TA < +85°C for industrial
(Commercial, Industrial) 0°C <TA< +70°C for commercial
Param | Symbol Characteristic/ Min | Typt | Max | Units Conditions
No. Device
VDD | Supply Voltage
D001 16LF87X 2.0 — 55 V LP, XT, RC osc configuration
(DC to 4 MHz)
D001 16F87X | 4.0 — 5.5 V  |LP, XT, RC osc configuration
DO01A 4.5 5.5 V | HS osc configuration
VBOR 5.5 V | BOR enabled, FMAX = 14 MHz(")
D002 VDR | RAM Data Retention — 15 — Vv
Voltage®
D003 VPOR | VDD Start Voltage to — Vss — V | See section on Power-on Reset for
ensure internal Power-on details
Reset signal
D004 SvbD | VDD Rise Rate to ensure | 0.05 — — | VIms | See section on Power-on Reset for
internal Power-on Reset details
signal
D005 VBOR |Brown-out Reset 3.7 4.0 4.35 V | BODEN bit in configuration word
Voltage enabled
Legend: Rows with standard voltage device data only are shaded for improved readability.
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: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/0O pin
loading, switching rate, oscillator type, internal code execution pattern and temperature also have an impact
on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

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

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

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

7: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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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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15.5 Timing Parameter Symbology

The timing parameter symbols have been created fol-

lowing one of the following formats:

1. TppS2ppS 3. TccisT (12C specifications only)
2. TppS 4.Ts (1°C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc 0OSC1
ck CLKOUT rd RD
cs [ w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 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 (Hi-impedance) \% Valid
L Low z Hi-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (IZC specifications only)
cC
HD Hold SU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
FIGURE 15-5: LOAD CONDITIONS
Load Condition 1 Load Condition 2
\/DD/2
RL
L
Pin CL Pin CL
s
Vss Vss
RL = 464Q
CL = 50 pF for all pins except OSC2, but including PORTD and PORTE outputs as ports,
15 pF for OSC2 output
Note: PORTD and PORTE are not implemented on PIC16F873/876 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.
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FIGURE 16-15: AVERAGE WDT PERIOD vs. Vbb OVER TEMPERATURE (-40°C TO 125°C)
50
45 . et ]
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
40 | Minimum: mean — 3s (-40°C to 125°C)
125C
* \
85C
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FIGURE 16-16: TYPICAL, MINIMUM AND MAXIMUM VoH vs. loH (VDD=5V, -40°C TO 125°C)
5.0 +
\ Max (-40C)
4.5 | \
\
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4.0
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I 35
S \
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Package Marking Information (Cont’d)

40-Lead PDIP

XXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXX
) Q XXXXXXXXX XXX XX XXXX

YYWWNNN
o MICROCHIP

44-Lead TQFP
KN

MicrocHIP
XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

O YYWWNNN

44-Lead MQFP
N

MIcCROCHIP
XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

O YYWWNNN

44-Lead PLCC
O «
Mll:gl:HIP

XXXXXXXXXX
XXX XXXXXXX
XXX XXXXXXX

YYWWNNN O

Example

PIC16F877-04/P

) Q 0112SAA

O

0 MICROCHIP
Example
LW
MicrocHIP
PIC16F877
-04/PT
O O0111HAT
Example
N
MicRoCHIP
PIC16F877
-20/PQ
O 0104SAT
Example

®)
O Mu:gculp

PIC16F877
-20/L

0103SAT O
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Slave Mode TimMING ....cccovviiiiienieeeeiie e
Slave Mode Timing Diagram ..........cccccveviieeeniieeenns
SIAVE SEIECE ..iiiiiiieiie e
SPICIOCK it
SPIMOE ..
SPI Clock Edge Select, CKE .........cccceeenunennn.
SPI Data Input Sample Phase Select, SMP ..
SPI Mode

Associated Registers ........cccoccvevieiiiiinicciienieecee e, 72
SPI Module
_ Slave Mode ......ccooeiniiii s 71
S e 69
SO P s 65
Block Diagram (SPI Mode€) ........cccoeeiiiiiieniiiiiiieeeees 69
RAB5/SS/AN4 Pin .......... ..7,8
RC3/SCKISCL PiN .oeiiiiieeiesiieee e 7,9
RCA/SDI/SDA PN ..coviiiieiiieeeie e 7.9
RC5/SDO PiN .ot 7,9
SPIMOE ..ot 69
SSPADD ..ot 73,74
SSPBUF ..ottt 70,73
SSPCON2Z .ttt 68
SSPSR ... .. 70,74
SSPSTAT ottt 73
SSP I°C
SSP 12C OPEIAtON .....ovvecveeeeeeeeserseeeeerereeseeenesnes 73
SSP Module
SPIMaster Mode .........cocvvviieiieiiiieiie e 70
SPI Slave MOOE .......eoviiiiiieeiie e 71
SSPCONIL REQGISLEN ...c..veiiiiiiiiiiceie e 73
SSP Overflow Detect bit, SSPOV .......cccccoveiiiiiiiiiiciicee. 74
SSPADD REQISIEN ..ottt 16
SSPBUF ..ottt 17,73,74
SSPBUF REQISEr ....ooiiiiiiiiiiiiiiiie et 15
SSPCON REJISIEN ..eoeivieiiiiieiiiieee e 15
SSPCONL ittt 73
SSPCON2 REGISLEN ...ccvviiiiiiiiieirie et 68
SSPEN
SSPIF
SSPM3:SSPMO ..ottt 67
SSPOV ..o e 67,74,84
SSPSTAT oottt 73
SSPSTAT REQISIEr ...coiiiiiiiiiiiiiic et 16
SEACK i

Overflows ..
Underflow ..

START bit (S) vevvveerieeiieenee.

START Condition Enable bit ...........cccooviiveeeiiiireeees 68

STATUS REQISIEN ..c.eviiiiiiiieiiiecre e 18
C Bt it 18

STOP DIt (P) oottt 66
STOP Condition Enable bit ...........ccoveiiiiieiiiieiiieeeeee, 68

Synchronous Serial Port .........c.ccoocveviiiiiciieciceceeen 65
Synchronous Serial Port Enable bit, SSPEN ..................... 67
Synchronous Serial Port Interrupt ..........ccccoeveeriiieennneees 22
Synchronous Serial Port Mode Select bits,

SSPM3ISSPMO ..ottt 67

T

T1CON Register ..
T10SCEN bit .......
T1SYNC bit ....... "
T2CKPSO0 Dt oo
T2CKPSL DIt oot
T2CON Register
TAD et e

Time-out Sequence 124
Timer0 .....ccoeeevvvvvnieeeenn. 47
Associated Registers .........ccccovvveriineeens ..49
Clock Source Edge Select (TOSE Bit) .......cccccecuveeennes 19
Clock Source Select (TOCS Bit) ...c.oocvvevveniiiiniiiiinens 19
External CloCK .........occooviiiiiiiiiii 48
INEEITUPL oo 47
Overflow Enable (TOIE Bit) .......ccccooviniiiinieiiiciiccne 20

Overflow Flag (TOIF Bit) ..... ..20,130
Overflow Interrupt .............. ... 130
Prescaler ... 48
RA4/TOCKI Pin, External Clock ...........cccccoiiiiiinns 7,8
TOCKI ettt 48
WDT Prescaler Block Diagram ...........cccccceevvieieennnnn. 47
TIMEIL oo 51
Associated REQISIErS ........cccevviiieriiiieee e 54

Asynchronous Counter Mode ..
Reading and Writing to ...

Block Diagram ...........ccceeeenne .52
Counter OPeration .........cccooeeivienieeiieniceeeesee e 52
Operation in TiImer Mode .........cccoovveiiiiieiiiiee e 52
OSCIllAtOr .....cvviiiiiiciicc e 53

Capacitor Selection ..........c.cccvvevieciiiiinieneennn. 53
Prescaler ...,

RCO/T10SO/T1CKI Pin
RC1/T10SI/CCP2 Pin

Resetting of Timerl Registers .........coccevivveiveeeennnn. 54
Resetting Timerl using a CCP Trigger Output .......... 53
Synchronized Counter Mode ..........cccoeevveviiiiniinnnens 52
TLCON Lo 51
TLCON REQISLEr ..eeiiiiiiieieie et 51
TMRIH oo 53
TMRI1L ...... ..53
TIMEr2 ..oovvviieiiieeee, ..55
Associated Registers .. 56
BIOCK Diagram ........cccccovueiiiiiiieeirie e 55
OUEPUL . 56
POSESCAIET ....oiiiiiiiiiiie e 55
Prescaler ... 55
T2CON Lo 55
Timing Diagrams
AID CONVEISION ...ttt 175
Acknowledge Sequence TimiNg ......cccecvveerineeerinnenn. 86
Baud Rate Generator with Clock Arbitration .............. 80
BRG Reset Due to SDA Collision ..........ccccceeviernenen. 91
Brown-out RESEt ........ccccviviiiiiiiiiie e 164
Bus Collision
START Condition TimiNg .......ccccvvveeviernieneennen. 90

DS30292D-page 204

© 1998-2013 Microchip Technology Inc.



