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PIC16F87X

3.2 PORTB and the TRISB Register

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

Three pins of PORTB are multiplexed with the Low
Voltage Programming function: RB3/PGM, RB6/PGC
and RB7/PGD. The alternate functions of these pins
are described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS
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Note 1: I/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

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

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-up on Key
Strokes” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.
FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
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Note 1: 1/O pins have diode protection to VDD and Vss.

2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).
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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.

DS30292D-page 56 © 1998-2013 Microchip Technology Inc.
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9.2  MSSP 12C Operation

The MSSP module in 12C mode, fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits in
hardware, to determine a free bus (multi-master func-
tion). The MSSP module implements the standard mode
specifications, as well as 7-bit and 10-bit addressing.

Refer to Application Note AN578, "Use of the SSP
Module in the 1 2C Multi-Master Environment."

A "glitch" filter is on the SCL and SDA pins when the pin
is an input. This filter operates in both the 100 kHz and
400 kHz modes. In the 100 kHz mode, when these pins
are an output, there is a slew rate control of the pin that
is independent of device frequency.

FIGURE 9-5: I°C SLAVE MODE BLOCK
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Two pins are used for data transfer. These are the SCL

pin, which is the clock, and the SDA pin, which is the

data. The SDA and SCL pins are automatically config-

ured when the 1C mode is enabled. The SSP module

functions are enabled by setting SSP Enable bit

SSPEN (SSPCON<5>).

The MSSP module has six registers for 1°C operation.

They are the:

» SSP Control Register (SSPCON)

» SSP Control Register2 (SSPCONZ2)

« SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* SSP Shift Register (SSPSR) - Not directly
accessible

* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)
« 12C Master mode, clock = OSC/4 (SSPADD +1)

« I12C firmware modes (provided for compatibility to
other mid-range products)

Before selecting any 12C mode, the SCL and SDA pins
must be programmed to inputs by setting the appropri-
ate TRIS bits. Selecting an 12C mode by setting the
SSPEN bit, enables the SCL and SDA pins to be used
as the clock and data lines in 12C mode. Pull-up resis-
tors must be provided externally to the SCL and SDA
pins for the proper operation of the 1°C module.

The CKE bit (SSPSTAT<6:7>) sets the levels of the
SDA and SCL pins in either Master or Slave mode.
When CKE = 1, the levels will conform to the SMBus
specification. When CKE = 0, the levels will conform to
the 12C specification.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a
START (S) or STOP (P) bit, specifies if the received
byte was data or address, if the next byte is the com-
pletion of 10-bit address, and if this will be a read or
write data transfer.

SSPBUF is the register to which the transfer data is
written to, or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR s lost.

The SSPADD register holds the slave address. In
10-bit mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

© 1998-2013 Microchip Technology Inc.
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FIGURE 9-7: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
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9.2.2 GENERAL CALL ADDRESS If the general call address matches, the SSPSR is
SUPPORT transferred to the SSPBUF, the BF flag is set (eighth
) 2 ) bit), and on the falling edge of the ninth bit (ACK bit),
The addressing procedure for the 1°C bus is such that the SSPIF flag is set.

the first byte after the START condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address, which
can address all devices. When this address is used, all
devices should, in theory, respond with an acknowledge.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF to determine if the address was device spe-
cific, or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match, and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when GCEN is set, while the slave is config-

The general call address is one of eight addresses
reserved for specific purposes by the 1°C protocol. It
consists of all 0’s with R/W = 0.

The general call address is recognized when the Gen- ured in 10-bit address mode, then the second half of
eral Call Enable bit (GCEN) is enabled (SSPCON2<7> the address is not necessary, the UA bit will not be set,
is set). Following a START bit detect, 8 bits are shifted and the slave will begin receiving data after the
into SSPSR and the address is compared against Acknowledge (Figure 9-8).

SSPADD. It is also compared to the general call
address and fixed in hardware.

FIGURE 9-8: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE (7 OR 10-BIT MODE)
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DS30292D-page 76 © 1998-2013 Microchip Technology Inc.



PIC16F87X

10.4.2 USART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode. Bit SREN is a “don't care” in Slave mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

When setting up a Synchronous Slave Reception, fol-
low these steps:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated, if
enable bit RCIE was set.

Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

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

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

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

ok wnDn

TABLE 10-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on: | Value on all

Address Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

0Bh, 8Bh, [INTCON | GIE PEIE | TOIE | INTE | RBIE TOIF INTF ROIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFY | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D |0000 000x [ 0000 000x
1Ah RCREG |USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRLIE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN [ SYNC — BRGH TRMT TX9D |0000 -010 |0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous slave reception.

Note 1:

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

© 1998-2013 Microchip Technology Inc.
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12.4 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V - 1.7V). To
take advantage of the POR, tie the MCLR pin directly
(or through a resistor) to VDD. This will eliminate
external RC components usually needed to create a
Power-on Reset. A maximum rise time for VDD is spec-
ified. See Electrical Specifications for details.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature,...) must be met to ensure
operation. If these conditions are not met, the device
must be held in RESET until the operating conditions
are met. Brown-out Reset may be used to meet the
start-up conditions. For additional information, refer to
Application Note, AN007, “Power-up Trouble Shoot-
ing”, (DS00007).

12.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only from the POR. The Power-
up Timer operates on an internal RC oscillator. The
chip is kept in RESET as long as the PWRT is active.
The PWRT’s time delay allows VDD to rise to an accept-
able level. A configuration bit is provided to enable/dis-
able the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature and process variation. See DC
parameters for details (TPWRT, parameter #33).

12.6 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a delay of
1024 oscillator cycles (from OSC1 input) after the
PWRT delay is over (if PWRT is enabled). This helps to
ensure that the crystal oscillator or resonator has
started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or Wake-up from
SLEEP.

12.7 Brown-out Reset (BOR)

The configuration bit, BODEN, can enable or disable
the Brown-out Reset circuit. If VDD falls below VBOR
(parameter D005, about 4V) for longer than TBOR
(parameter #35, about 100uS), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a RESET may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer then keeps the device in RESET for
TPWRT (parameter #33, about 72mS). If VDD should fall
below VBOR during TPWRT, the Brown-out Reset pro-
cess will restart when VDD rises above VBOR with the
Power-up Timer Reset. The Power-up Timer is always
enabled when the Brown-out Reset circuit is enabled,
regardless of the state of the PWRT configuration bit.

12.8 Time-out Sequence

On power-up, the time-out sequence is as follows: The
PWRT delay starts (if enabled) when a POR Reset
occurs. Then OST starts counting 1024 oscillator
cycles when PWRT ends (LP, XT, HS). When the OST
ends, the device comes out of RESET.

If MCLR is kept low long enough, the time-outs will
expire. Bringing MCLR high will begin execution imme-
diately. This is useful for testing purposes or to synchro-
nize more than one PIC16F87X device operating in
parallel.

Table 12-5 shows the RESET conditions for the STA-
TUS, PCON and PC registers, while Table 12-6 shows
the RESET conditions for all the registers.

12.9 Power Control/Status Register
(PCON)

The Power Control/Status Register, PCON, has up to
two bits depending upon the device.

Bit0 is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by
the user and checked on subsequent RESETS to see if
bit BOR cleared, indicating a BOR occurred. When the
Brown-out Reset is disabled, the state of the BOR bit is
unpredictable and is, therefore, not valid at any time.

Bitl is POR (Power-on Reset Status bit). It is cleared on
a Power-on Reset and unaffected otherwise. The user
must set this bit following a Power-on Reset.

TABLE 12-3: TIME-OUT IN VARIOUS SITUATIONS
Power-up .
Oscillator Configuration —_— e _— Brown-out Wake-up from
PWRTE = 0 PWRTE =1 SLEEP
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 72 ms + 1024Tosc 1024Tosc
RC 72 ms — 72 ms —

DS30292D-page 124
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FIGURE 12-6:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1
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FIGURE 12-7:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
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FIGURE 12-8:

SLOW RISE TIME (MCLR TIED TO VDD)
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient temperature UNAEr DIBS.........ccoiiiiiiiiiiie et .-55to +125°C
i) =T =R (=T 00 01T = LU PO PPPPP PP -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RA4) -0.3Vto (VbD +0.3V)
Voltage 0N VDD With TESPECE 10 WSS ....eiiiiiiiiiiieiiiie ettt ettt ettt e s abe e e sbe e e s b e e e ntneeenaees -0.3to+7.5V
Voltage on MCLR With reSPECt t0 VSS (NOTE 2) ......vuveeeereeeeeeeeeeeeeeeeeeeeseseeeseesesessesees e sessesnessesseneenessessnenesnennen Oto+14V
Voltage 0N RAZ With TESPECT T0 VSS .. .eiiiiiiiiiiiii ittt ettt ettt et b e s et e e s e s bbe e s ante e e sneeas Oto+8.5V
Total power diSSIPALION (NOTE L) ....eiiiriieiiiiieiiiie et e et sh et e st e e e s se e e et e e s e e e e snn e e e ane e e nnneeeennnees 1.0W
Maximum CUITENE OUE OF WSS PN ...eeiiiiiiiiiiiii ittt ettt e et e ettt e b e e st e s bbe e e sabe e e e beeesabeeeesbeeeennbeeenns 300 mA
MaXimum CUTENE INEO VDD PN ..ecuviieitiiiiiteei e e et s et e e et e s bt e et e e e st et e s s e e sk e e e sb e e e ns e e e e ne e e s anneeennneeennneeenee 250 mA
Input clamp current, K (V1 < 0 OF VIS VDD) .....coioiiieieiieieieeiei ettt sttt et esete st sese st eseses s esesesessebesesessesesasensssesessssnsns +20 mA
Output clamp current, IOK (VO < 0 OF VO 3 VDD) ...oociiiiieiiieiirieiietteetete sttt ere st es et ssesessesasesaesesesessessesessenens +20 mA

Maximum output current SUNK DY @ny 1/O PiN.......c.ueiiiiiieiee et e e b et

Maximum output current sourced by any /O pin
Maximum current sunk by PORTA, PORTB, and PORTE (combined) (Note 3)

Maximum current sourced by PORTA, PORTB, and PORTE (combined) (NOte 3)......cccccooveeiiireiniieeireee e 200 mA
Maximum current sunk by PORTC and PORTD (combined) (NOtE 3) ....cccuvvieeiiiiiiiie e 200 mA
Maximum current sourced by PORTC and PORTD (combined) (NOE 3) .......ccuveiiiiiiiirieiiiee e 200 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ loH} + . {(VDD - VOH) X loH} + >(Vol x loL)

2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Q2 should be used when applying a “low” level to the MCLR pin, rather than
pulling this pin directly to Vss.

3: PORTD and PORTE are not implemented on PIC16F873/876 devices.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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151

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

PIC16F873/874/876/877-20 (Commercial, Industrial)
PIC16LF873/874/876/877-04 (Commercial, Industrial)
(Continued)

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
No.

Symbol Characteristic/ Min | Typt | Max | Units Conditions
Device

D010

D010

DO10A

D013

Ibb | Supply Current(@9)

16LF87X — 0.6 2.0 mA | XT, RC osc configuration
Fosc =4 MHz, Vbbb = 3.0V

16F87X — 1.6 4 mA | RC osc configurations
Fosc =4 MHz, Vpbp = 5.5V

16LF87X — 20 35 pA | LP osc configuration
Fosc = 32 kHz, Vpbb = 3.0V,
WDT disabled

16F87X — 7 15 mA | HS osc configuration,
Fosc = 20 MHz, VDD = 5.5V

D015

AIBOR | Brown-out — 85 200 pA | BOR enabled, VbD = 5.0V
Reset Current(®

Legend:
T

Note 1:
2:

Rows with standard voltage device data only are shaded for improved readability.
Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only, and are not tested.
This is the limit to which VDD can be lowered without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors such as 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.
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.
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.
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.
The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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FIGURE 15-7: CLKOUT AND I/O TIMING
Q4 : Q1 I Q2 I Q3 i
110 . o Lo :
CLKOUT N Co LA !
N T R !
v 13, o ' 12 l
o 10,718 RS |
Vo Pin | // f y //
(Inpu) N _
D e 17— Pt 15 ; ' !
1/0 Pin ' hV4 ! ' '
(Output) Old Value ! X ' : New Value :
: ! e 2 2 l
20,21 ' . .
Note: Refer to Figure 15-5 for load conditions.
TABLE 15-2: CLKOUT AND I/O TIMING REQUIREMENTS
PaNr:m Symbol Characteristic Min Typt Max Units | Conditions
10* | TosH2ckL | OSC1T to CLKOUTY — 75 200 ns |(Note 1)
11* | TosH2ck |0SC17T to CLKOUT? — 75 200 ns |(Note 1)
H
12* TckR CLKOUT rise time — 35 100 ns |(Note 1)
13* TckF CLKOUT fall time — 35 100 ns |(Note 1)
14* TckL2ioV | CLKOUT { to Port out valid — — | 0.5Tcy+20| ns |[(Notel)
15* | TioV2ckH | Port in valid before CLKOUT 7T Tosc + 200 — — ns |(Note 1)
16* TckHZ2iol | Port in hold after CLKOUT 1 0 — — ns |(Note 1)
17* TosH2ioV | OSC17T (Q1 cycle) to — 100 255 ns
Port out valid
18* | TosH2iol | OSC1T (Q2 cycle) to Standard (F) 100 — — ns
Portinput invalid (/O in [ Extended (LF) 200 _ _ ns
hold time)
19* | TioV2osH | Port input valid to OSC17 (1/O in setup time) 0 ns
20* TioR Port output rise time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
21* TioF Port output fall time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
221t* Tinp INT pin high or low time Tcy — — ns
23tt* Trbp RB7:RB4 change INT high or low time Tcy — — 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.
Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x ToscC.
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FIGURE 15-15: SPI SLAVE MODE TIMING (CKE = 0)

ss b «

scK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

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

FIGURE 15-16: SPI SLAVE MODE TIMING (CKE =1)

182
—

(e
)
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(CKP = 1) L ! ﬂ/

Note: Refer to Figure 15-5 for load conditions.
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TABLE 15-8:  1°C BUS START/STOP BITS REQUIREMENTS

Parilnoﬁeter Symbol Characteristic Min | Typ | Max | Units Conditions

90 Tsu:sta |START condition 100 kHz mode 4700 | — | — ns |Only relevant for Repeated
Setup time 400 kHz mode 600 | — | — START condition

91 Thd:sta |START condition 100 kHz mode 4000 | — | — ns | After this period, the first clock
Hold time 400 kHz mode 600 | — | — pulse is generated

92 Tsu:sto |STOP condition 100 kHz mode 4700 | — | — ns
Setup time 400 kHz mode 600 | — | —

93 Thd:sto |STOP condition 100 kHz mode 4000 | — | — ns
Hold time 400 kHz mode 600 | — | —

FIGURE 15-18: 1°C BUS DATA TIMING
103-»1 - ' 100_ I — 102

SDA
Out

Note: Refer to Figure 15-5 for load conditions.
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FIGURE 16-13: TYPICAL AND MAXIMUM AlwpT vs. VDb OVER TEMPERATURE

14
Typical: statistical mean @ 25°C
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FIGURE 16-14: TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40°C TO 125°C)
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NOTES:
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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

MICROCHIP
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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Master Mode Operation ...........cccceeecveeieenieeenieeesiee e 79
Master Mode START Condition ..........ccccccvevvvvnnieeenn. 80
Master Mode TransmisSion .........ccccoeveeerieeeeninee e, 82
Master Mode Transmit Sequence . .. 79
Multi-Master Communication ..... ...89
Multi-master Mode ............c........ ... 78
OPEIALION ..cvviiiiieiieiee e 73
Repeat START Condition Timing ........cccccceeevvvrnieennnn. 81
SIAVE MOAE ...t 74
Block Diagram .........cccoceevviiiiiiiieiiecnieeieesneee 73

Slave ReCEPLiON .......ccviiiiiiieiieet e 74
Slave TranSMISSION .....c.ccevveieeiisiiie e 75
SSPBUF ...ttt . 73
STOP Condition Receive or Transmit Timing ....87
STOP Condition TIMING ...cooocveviiiieeiieeriieeenee ... 87
Waveforms for 7-bit Reception ...........cccceeevieivencnennns 75
Waveforms for 7-bit Transmission ...........ccccccvveveveens 76

1°C Module Address Register, SSPADD ........cccccevevnierenns 73
12C SIaVe MOGE ......vvevvevecireiieieeieeeeeiesiee e 74
ICEPIC In-Circuit Emulator ...........cccccoeviiniiiciieniiiceen, 144
ID LOCALIONS ..cvevieeiiieeeeieee e ... 119,133
In-Circuit Serial Programming (ICSP) ... ...119,134
INDF ettt 17
INDF REQISIEN ...eiiiieeiiitee it 15, 16, 27
Indirect AAresSing ......ccccvveriiiiieiiieiicce e 27
FSR REGISLEr ...oeiiiiiiiiiiiccie e 12
INStruction FOrmMat .........ccoocveiiiiiiiieee e 135
INSEIUCHION SEL ..o 135
ADDLW L.t 137
ADDWE ..ot 137
ANDLW Lo 137
ANDWE Lottt 137
BCF o 137

CLRWDT ..ot 138
COMPF oo 138
DECF oo 138

RETFIE ..o 140
RETLW i 140

RETURN ..o 141
RLF s 141

INT Interrupt (RBO/INT). See Interrupt Sources

INTCON ottt 17

INTCON REQISLEN ...ttt 20
GIE Bit .......
INTE Bit ..
INTF Bit ..
PEIE Bit eoeutiiieieeieee e
RBIE Bt ..cvviiiieiieiieienie ettt
RBIF Bit oo
TOIE Bt ettt
TOIF Bit

Inter-Integrated Circuit (I2C) .........ooveevevereeeeeeeeesereeeneeeens 65

Internal Sampling Switch (Rss) Impedence ..................... 114

Interrupt SOUrCes ..........ccccceveiiiiiiiiiee e, 119,129
Block Diagram .........cccceeeiiiieeiiiieeniec e 129
Interrupt-on-Change (RB7:RB4 ) ......ccccovviiiveiiennn. 31
RBO/INT Pin, External ..........c.ccovievieiinicnneennee. 7,8,130
TMRO OVErflow ......ccccviiiiiiiiiiiii e, 130
USART Receive/Transmit Complete ..........c.ccoevenee. 95

Interrupts
Bus Collision Interrupt ............ccceee.n.

Synchronous Serial Port Interrupt ...
Interrupts, Context Saving DUriNg .........ccocceevcviiiicniecnnene
Interrupts, Enable Bits

Global Interrupt Enable (GIE Bit) .........cccccovevnne 20,129

Interrupt-on-Change (RB7:RB4) Enable

(RBIE Bit) oecvviiiiiciiciiiie e 130

Interrupt-on-Change (RB7:RB4) Enable

(RBIE Bit) oeevveeeiiicieesieee e 20

Peripheral Interrupt Enable (PEIE Bit) ... .20

RBO/INT Enable (INTE Bit) ................. ... 20

TMRO Overflow Enable (TOIE Bit) .......c.cccccvrriviininens 20

Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4) Flag
(RBIF BIt) oveievieiiieiieiiieie e 130
Interrupt-on-Change (RB7:RB4) Flag
(RBIF Bit) .........
RBO/INT Flag (INTF Bit)
TMRO Overflow Flag (TOIF Bit) .....cccovvvveirieeennne 20,130

K

KEELOQ Evaluation and Programming Tools ................... 146

L
Loading of PC .....coiiiiiiiece e 26

M

Master Clear (MCLR) ......coocveiiiiiieiieciiieiceseee e
MCLR Reset, Normal Operation ...............
MCLR Reset, SLEEP ........c..ccccooeiiiinnnnene

Memory Organization
Data MEMOIY ....cooviiiiiiiiiiie s
Program Memory .......ccccceeeeveiinnieeenennnne

MPLAB C17 and MPLAB C18 C Compilers .. .

MPLAB ICD In-Circuit Debugger .........cccecvevciiiiiciieennene

MPLAB ICE High Performance Universal In-Circuit

Emulator with MPLAB IDE ..........ccccooiiiiiiieiie e 144

MPLAB Integrated Development Environment Software . 143

MPLINK Object Linker/MPLIB Object Librarian ............... 144

Multi-Master CommuniCation ............ccccvvverrieeiiienie s, 89

Multi-Master Mode ..........ccceeiiiiiiiiieiiiieecee e 78
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC16F87X Literature Number: DS30292D

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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NOTES:
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