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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PIC® MCU
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
</ Program Counter <
FLASH RA1/AN1
Program RA2/AN2/VREF-
Memory RAM Ty 4—[X] RA3/AN3/VREF+
8 Level Stack File
13.bit K RA4/TOCKI
(1s-biy Registers RA5/AN4/SS
Program
Bus 14 RAM Addr(®) PORTE
RBO/INT
Instruction reg RB1
f 7 Indirect RB2
‘ Direct Addr Addr RB3/PGM
4 RB4
RB5
RB6/PGC
RB7/PGD
8
PORTC
RCO/T10SO/T1CKI
Power-up RC1/T10SI/CCP2
Timer RC2/CCP1
Instruction Oscillator RC3/SCK/SCL
Decode & Start-up Timer RC4/SDI/SDA
Control Power-on RC5/SDO
Reset RC6/TX/CK
Timing Watchdog RC7/RX/IDT
|X|<::|'> Generation P Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vss
Timer0 Timerl Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.
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PIC16F87X

REGISTER 3-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

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

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

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

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

1 = The output buffer still holds a previously written word

0 = The output buffer has been read

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

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

Legend:

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

X = Bit is unknown

© 1998-2013 Microchip Technology Inc.
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PIC16F87X

5.2 Using TimerO with an External
Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

5.3 Prescaler

There is only one prescaler available, which is mutually
exclusively shared between the Timer0 module and the
Watchdog Timer. A prescaler assignment for the

REGISTER 5-1: OPTION_REG REGISTER

R/W-1 R/W-1 R/W-1

Timer0 module means that there is no prescaler for the
Watchdog Timer, and vice-versa. This prescaler is not
readable or writable (see Figure 5-1).

The PSA and PS2:PS0O bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will clear the prescaler
along with the Watchdog Timer. The prescaler is not
readable or writable.

Note:  Writing to TMRO, when the prescaler is
assigned to TimerO0, will clear the prescaler
count, but will not change the prescaler

assignment.

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDG TOCS

TOSE PSA PS2 PS1 PSO

bit 7

bit 7 RBPU
bit 6 INTEDG

bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin

bit 0

0 = Internal instruction cycle clock (CLKOUT)

bit 4

bit 3

bit 2-0

TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on 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
001
010
011
100
101
110
111

£ 128
1 256

RPRRRRRERRE
PRRPRRPRRRER

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared

X = Bit is unknown

Note:  To avoid an unintended device RESET, the instruction sequence shown in the PIC® MCU Mid-Range Fam-
ily Reference Manual (DS33023) must be executed when changing the prescaler assignment from Timer0
to the WDT. This sequence must be followed even if the WDT is disabled.

DS30292D-page 48
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PIC16F87X

6.4 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt-on-overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

In Asynchronous Counter mode, Timerl cannot be
used as a time-base for capture or compare opera-
tions.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock, will guarantee a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself, poses certain problems, since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care. Exam-
ples 12-2 and 12-3in the PIC® MCU Mid-Range Family
Reference Manual (DS33023) show how to read and
write Timerl when it is running in Asynchronous mode.

6.5 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator, rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timer1 oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. C1 Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | + 20 PPM

100 kHz Epson C-2 100.00 KC-P | +20 PPM

200 kHz STD XTL 200.000 kHz | + 20 PPM

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-

priate values of external components.

6.6 Resetting Timerl using a CCP
Trigger Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCP1M3:CCP1MO = 1011), this signal will reset
Timerl.

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

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timerl coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXxL regis-
ter pair effectively becomes the period register for
Timerl.

© 1998-2013 Microchip Technology Inc.
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9.2.1 SLAVE MODE

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

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

There are certain conditions that will cause the MSSP
module not to give this ACK pulse. These are if either
(or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

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

If the BF bit is set, the SSPSR register value is not
loaded into the SSPBUF, but bit SSPIF and SSPOV are
set. Table 9-2 shows what happens when a data trans-
fer byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister, while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low time for proper operation. The high and low times
of the 1°C specification, as well as the requirement of
the MSSP module, is shown in timing parameter #100
and parameter #101 of the electrical specifications.

9.2.11 Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOQV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register on the falling edge of the 8th
SCL pulse.

b) The buffer full bit, BF, is set on the falling edge
of the 8th SCL pulse.

c) AnACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>), is set
(interrupt is generated if enabled) on the falling
edge of the 9th SCL pulse.

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

For a 10-bit address, the first byte would equal
‘1111 0 A9 A8 0’,where 29 and A8 are the two MSbs
of the address. The sequence of events for a 10-bit
address is as follows, with steps 7-9 for slave-transmitter:

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

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

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

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

5. Update the SSPADD register with the first (high)
byte of Address. This will clear bit UA and
release the SCL line.

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

7. Receive Repeated Start condition.

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

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

Note:  Following the Repeated START condition
(step 7) in 10-bit mode, the user only
needs to match the first 7-bit address. The
user does not update the SSPADD for the
second half of the address.

9.2.1.2 Slave Reception

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

When the address byte overflow condition exists, then
no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set. This is an error
condition due to user firmware.

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

Note: The SSPBUF will be loaded if the SSPOV
bit is set and the BF flag is cleared. If a
read of the SSPBUF was performed, but
the user did not clear the state of the
SSPOV bit before the next receive
occurred, the ACK is not sent and the
SSPBUF is updated.

DS30292D-page 74
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
® | keaup ERrROR |, YalU€ |y maup ERROR YA€ |kpaUD ERROR |, Yalue
(decimal) (decimal) (decimal)
0.3 - - - - - - - - -
1.2 1.221 1.75 255 1.202 0.17 207 1.202 0.17 129
2.4 2.404 0.17 129 2.404 0.17 103 2.404 0.17 64
9.6 9.766 1.73 31 9.615 0.16 25 9.766 1.73 15
19.2 | 19531 1.72 15 19.231 0.16 12 19531 172 7
288 | 31.250 8.51 9 27.778 3.55 8 31250 851 4
336 | 34.722 3.34 8 35.714 6.29 6 31250  6.99
57.6 | 62.500 8.51 4 62.500 8.51 3 52.083  9.58 2
HIGH | 1.221 - 255 0.977 - 255 0.610 - 255
LOW | 312.500 - 0 250.000 - 0 156.250 - 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
® | kgaup ERROR (d\éi:ﬁweal) kBaup ERROR (d\éililrjneal)
0.3 0.300 0 207 0.3 0 191
1.2 1.202 0.17 51 1.2 0 47
2.4 2.404 0.17 25 2.4 0 23
9.6 8.929 6.99 6 9.6 0 5
19.2 | 20.833 8.51 2 19.2 0 2
288 | 31.250 8.51 1 28.8 0 1
336 - - - - - -
576 | 62.500 8.51 0 57.6 0 0
HIGH | 0.244 - 255 0.225 - 255
LOW | 62.500 - 0 57.6 - 0
TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)
Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
) | kgaup ErRrROR |, YAU® | kgauD ERROR YA€ | kgAUD ERROR | VAlU€
(decimal) (decimal) (decimal)
0.3 - - - - - - - - -
1.2 - - - - - - - - -
2.4 - - - - - - 2.441 1.71 255
9.6 9.615 0.16 129 9.615 0.16 103 9.615 0.16 64
19.2 | 19.231 0.16 64 19.231 0.16 51 19.531 1.72 31
288 | 29.070 0.94 42 29.412 2.13 33 28.409 1.36 21
336 | 33.784 0.55 36 33.333 0.79 29 32.895 2.10 18
576 | 59.524 3.34 20 58.824 2.13 16 56.818 1.36 10
HIGH | 4.883 - 255 3.906 - 255 2.441 - 255
LOW | 1250.000 - 0 1000.000 0 625.000 - 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
® 1 eaup ERROR (decimal) | kBaup  ERROR  (jecimany
0.3 - - - - - -
1.2 1.202 0.17 207 1.2 0 191
2.4 2.404 0.17 103 2.4 0 95
9.6 9.615 0.16 25 9.6 0 23
192 | 19.231 0.16 12 19.2 0 11
288 | 27.798 3.55 8 28.8 0 7
336 | 35714 6.29 6 329 2.04 6
576 | 62.500 8.51 3 57.6 0 3
HIGH | 0.977 - 255 0.9 - 255
LOW | 250.000 - 0 230.4 - 0
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FIGURE 10-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
RC7/RX/DT (pin) START _ . START
bit ( bitd X bitl bit8 /STOP\ bit bit0 bit8 /STOP
CYEVEN CYSRNVER 68 TTVaT:
CC C T M C
Load RSR —» 3 | D) | . J)
Bit8 = 0, Data Byte Bit8 = 1, Address Byte T Word 1
C CC L NREC (¢ n
Read 3y D) - 5 ')
C C ; CS
RCIF D) b)) ‘. ) —
Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG (receive buffer)
because ADDEN = 1.
FIGURE 10-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST
RC7/RX/DT (pin) START START
bit (' bito X bitl bit8 /STOP\ bit { bit0 bit8 /STOP
CYCYEN TV VET 65 €TV
CC n C C
Load RSR —» i i \ ) i D)
Bit8 = 1, Address Byte ' Bit8 = 0, Data Byte T Word 1
C : cc RCREG C
Read 3 ' D) D) ')
C : C C
RCIF oD ! ))J DY) [
Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG (receive buffer)
because ADDEN was not updated and still = 0.
TABLE 10-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
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 ROIF 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 PsPIF® | 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 | TMR1IE [ 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 locations read as '0'. Shaded cells are not used for asynchronous reception.

Note 1: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

U-0 uU-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — | — | — | PcFe3 | PCFG2 | PCFGL | PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0'.
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0’
bit 6-4 Unimplemented: Read as '0’
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:
PCFG3: | AN7W | AN6W | ANSM | AN4 | AN3 | AN2 | AN1 | ANO CHAN/
PCFGO | RE2 | RE1 | REO | RA5 | RA3 | RA2 | RAL | RA0 | VREFT | VREF | pets@
0000 A A A A A A A A VDD | Vss 8/0
0001 A A A A VREF+ A A A RA3 | Vss 711
0010 D D D A A A A A VDD Vss 5/0
0011 D D D A VREF+ A A A RA3 | Vss 4/1
0100 D D D D A D A A VDD | Vss 3/0
0101 D D D D VREF+ D A A RA3 | Vss 2/1
011x D D D D D D D D VDD | Vss 0/0
1000 A A A A VREF+ | VREF- | A A RA3 | RA2 6/2
1001 D D A A A A A A VDD Vss 6/0
1010 D D A A VREF+ A A A RA3 | Vss 5/1
1011 D D A A VREF+ | VREF- | A A RA3 | RA2 4/2
1100 D D D A VREF+ | VREF- | A A RA3 | RA2 3/2
1101 D D D D VREF+ | VREF- | A A RA3 | RA2 2/2
1110 D D D D D D D A VDD Vss 1/0
1111 D D D D VREF+ | VREF- | D A RA3 | RA2 1/2

A = Analog input

D = Digital /0

Note 1: These channels are not available on PIC16F873/876 devices.
2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared

X = Bit is unknown

The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-

gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be started.
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TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
Register Devices Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

PIE2 873 | 874 | 876 | 877 -r-0 0--0 -r-0 0--0 -r-u u--u
PCON 873 | 874|876 | 877 |  ---- -- g | ---- -- aw | - - uu
PR2 873 | 874 | 876 | 877 1111 1111 1111 1111 1111 1111
SSPADD 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 873 | 874 | 876 | 877 --00 0000 --00 0000 --uu uuuu
TXSTA 873 | 874 | 876 | 877 0000 -010 0000 -010 uuuu -uuu
SPBRG 873 | 874 | 876 | 877 0000 0000 0000 0000 uuuu uuuu
ADRESL 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
ADCON1 873 | 874 | 876 | 877 0--- 0000 0--- 0000 u--- uuuu
EEDATA 873 | 874 | 876 | 877 0--- 0000 0--- 0000 u--- uuuu
EEADR 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
EEDATH 873 | 874 | 876 | 877 XXXK XXXX uuuu uuuu uuuu uuuu
EEADRH 873 | 874 | 876 | 877 XXXX XXXX uuuu uuuu uuuu uuuu
EECON1 873 | 874 | 876 | 877 x--- %000 u--- u000 u--- uuuu
EECON2 873 | 874|876 | 877 |  ---- ----= | ---= ---- | —-o- —---
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition,

r = reserved, maintain clear

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 12-5 for RESET value for specific condition.

FIGURE 12-5:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

VDD

MCLR

TPWRT
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FIGURE 15-1: PIC16F87X-20 VOLTAGE-FREQUENCY GRAPH
(COMMERCIAL AND INDUSTRIAL TEMPERATURE RANGES ONLY)
6.0 V-
5.5V
5.0 V-
o 4.5V
E 40V |
S 35Vt | :
| |
2.5 V-4 | |
2.0V | |
| |
| I
: 1
16 MHz 20 MHz
Frequency
FIGURE 15-2: PIC16LF87X-04 VOLTAGE-FREQUENCY GRAPH
(COMMERCIAL AND INDUSTRIAL TEMPERATURE RANGES ONLY)
6.0 V-
5.5V
5.0 V-
o 45V
S 4.0V
S 35V
3.0 V-
2.5 V- :
20V+— |
| |
| |
| |
| |

4 MHz 10 MHz

Frequency

Fmax = (6.0 MHz/V) (VDDAPPMIN - 2.0 V) + 4 MHz

Note 1: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
2: FMAX has a maximum frequency of 10MHz.
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FIGURE 15-6: EXTERNAL CLOCK TIMING
: Q4 i Q1

Q2

0OSC1

CLKOUT

TABLE 15-1: EXTERNAL CLOCK TIMING REQUIREMENTS

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

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

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions, with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at "min." values with an
external clock applied to the OSC1/CLKIN pin. When an external clock input is used, the "max." cycle time
limit is "DC" (no clock) for all devices.
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FIGURE 15-8: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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Note: Refer to Figure 15-5 for load conditions.

FIGURE 15-9: BROWN-OUT RESET TIMING

VDD | 1

TABLE 15-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

Pariln;eter Symbol Characteristic Min Typt Max | Units Conditions

30 TmcL | MCLR Pulse Width (low) 2 — — ps | VoD = 5V, -40°C to +85°C

31* Twdt | Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)

32 Tost | Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period

33* Tpwrt | Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C

34 Tioz | 1/O Hi-impedance from MCLR Low — — 21 us
or Watchdog Timer Reset

35 TBOR | Brown-out Reset pulse width 100 — — pus | VDD < VBOR (D005)

These parameters are characterized but not tested.
T Datain"Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 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
—
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)
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Note: Refer to Figure 15-5 for load conditions.
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FIGURE 15-21:

A/D CONVERSION TIMING

BSF ADCONO, GO

131

—| |[~— (Tosc/2)®
Q4 L

A/D CLK <—132,,

! 130 .

SAMPLE

SAMPLING STOPPED

A/D DATA :X9><8><7><~--><"'><2><1><0><;
ADRES OLD_DATA X NEW_DATA
ADIF |
GO J ] DONE

Note:
instruction to be executed.

If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the SLEEP

TABLE 15-13: A/D CONVERSION REQUIREMENTS

Pi{j‘m Sym Characteristic Min Typt Max Units Conditions
130 TaD |A/D clock period Standard(F) 1.6 — — us |Tosc based, VREF > 3.0V
Extended(LF) 3.0 — — us |Tosc based, VREF > 2.0V
Standard(F) 2.0 4.0 6.0 us |A/D RC mode
Extended(LF) 3.0 6.0 9.0 us |A/D RC mode
131 | TcNv |Conversion time (not including S/H time) — 12 TAD
(Note 1)
132 | TAcQ |Acquisition time (Note 2) 40 — us
10* — — us [ The minimum time is the
amplifier settling time. This may
be used if the "new" input volt-
age has not changed by more
than 1 LSb (i.e., 20.0 mV @
5.12V) from the last sampled
voltage (as stated on CHOLD).
134 Tco |Q4 to A/D clock start — Tosc/2 § — — |If the A/D clock source is
selected as RC, atime of Tcy is
added before the A/D clock
starts. This allows the SLEEP
instruction to be executed.
* 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.
§  This specification ensured by design.

Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 11.1 for minimum conditions.
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44-L ead Plastic Leaded Chip Carrier (L) — Square (PLCC)

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

E—

El
|<— #leads=n1 —>|
imimininininininSsisl
O ul
O ul
O ul
O ul
O ul
O 0 D1 D
O ul
O ul
O ul
O ul
E ©) i
IS [ Ny N [ N [ Ny Ny Ny
nil?2
CH2 x 45° CH1 x 45° -
! ti” '
[
[ A
A2
350 A
£
B1
¢ ~ . B Al
p -
E2 1 [ D2 ——— =
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 a4
Pitch p .050 1.27
Pins per Side nl 11 11
Overall Height A .165 173 .180 4.19 4.39 4.57
Molded Package Thickness A2 .145 .153 .160 3.68 3.87 4.06
Standoff § Al .020 .028 .035 0.51 0.71 0.89
Side 1 Chamfer Height A3 .024 .029 .034 0.61 0.74 0.86
Corner Chamfer 1 CH1 .040 .045 .050 1.02 1.14 1.27
Corner Chamfer (others) CH2 .000 .005 .010 0.00 0.13 0.25
Overall Width E .685 .690 .695 17.40 17.53 17.65
Overall Length D .685 .690 .695 17.40 17.53 17.65
Molded Package Width E1l .650 .653 .656 16.51 16.59 16.66
Molded Package Length D1 .650 .653 .656 16.51 16.59 16.66
Footprint Width E2 .590 .620 .630 14.99 15.75 16.00
Footprint Length D2 .590 .620 .630 14.99 15.75 16.00
Lead Thickness c .008 .011 .013 0.20 0.27 0.33
Upper Lead Width B1 .026 .029 .032 0.66 0.74 0.81
Lower Lead Width B .013 .020 .021 0.33 0.51 0.53
Mold Draft Angle Top [¢] 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter

§ Significant Characteristic

Notes:

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

JEDEC Equivalent: MO-047

Drawing No. C04-048
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ANalog Port PiNS ......ccccovviiiiiiiiciiccccei

Associated REJISIErS ......coeeviviieiiiieeiieee e
Block Diagram ..........cccocuveivenneenne.
Input Buffer Full Status (IBF Bit) ...
Input Buffer Overflow (IBOV Bit) ...
Output Buffer Full Status (OBF Bit)

PORTE RegISter ....cccviiiieiiiiiiiniiesee e

PSP Mode Select (PSPMODE Bit)

REO/RD/ANS PiN ...

REL/WR/ANG PiN ...

RE2/CS/ANT PiN oo

TRISE REJISLEr ...ooviiiiiiiiiiiiieiieie e
Postscaler, WDT

Assignment (PSA Bit) ....ccoeeviiiiiiiiecieeeee e 19

Rate Select (PS2:PS0 BitS) ......cccccvvvieivieniiiiieniieene. 19
Power-down Mode. See SLEEP
Power-on Reset (POR) .......cccccevveeenn. 119, 123, 124, 125, 126

Oscillator Start-up Timer (OST) ..ccccocvvrieinens 119,124

POR Status (POR Bit) ...................

Power Control (PCON) Register ...

Power-down (PD Bit) ....................

Power-up Timer (PWRT) ......ccooiiiininn.

Time-out (TO Bit) ..ooccvveeiiiieeieeeecee e 18,123

Time-out Sequence on POWEr-up .................... 127,128
PR2 REJISIEN ...eviiiiiiitieiiie et 16, 55
Prescaler, TimerQ

Assignment (PSA Bit) .....ccooviiiiiiiiiiiieiecicceees 19

Rate Select (PS2:PS0 BitS) .......ccceecvieiieniieiiiesieeene. 19
PRO MATE Il Universal Device Programmer .................. 145
Program Counter

RESET Conditions .......ccccveviieiiiiiieniie e 125
Program MEemOIY .....ccocoiiiiiieiiei e 11

Interrupt VECTOr ..o 11

PagiNg .occvvieiiiiieiie e 11,26

Program Memory Map .........cocccvvevveeeriniinnieneee s 11

RESET VECIOX ..ot 11
Program Verification ..........ccccoviiiieiniiiiiinicicscee e 133
Programming Pin (VPP) ....ccoovieriiiiieiieeeeeee e 7,8
Programming, Device INStructions ..........c.ccccceeevereieennnn. 135
PSP. See Parallel Slave Port. .........ccccooiiieiiiiiiiiiinics 38

Pulse Width Modulation.SeeCapture/Compare/PWM,
PWM Mode.

PUSH .o 26
R

RIW oottt 66
RIW DIt o 74
RIW DIt o 74
RAM. See Data Memory

RCREG ....ooiiiiiicc 17

RCSTA Register .. ... 17,96
ADDEN Bit ..o 96
CREN Bt ..o 96
FERR Bl .ottt 96
OERR Bl .ouviiiieiieiiesiiiee sttt 96
RX9 Bit ..... ... 96
RXOD Bit vt 96
SPEN Bit .. ... 95,96
SREN Bt oo 96

Read/Write bit, RIW ..........ccovvurierieriieeeee e 66

Reader RESPONSE ........ooveiiiiiiiiiieiecee s 208

Receive Enable bit .........ccccooiiiiiiiie 68

Receive Overflow Indicator bit, SSPOV ........ccccccveiienninnn 67

RegiSter File ..o 12

Register File Map .......ccccoceiiiiiiiiiie e 13,14

Registers
ADCONO (A/D Control 0) .....cccocvevvieiieeiienienieeee 111
ADCONL1 (A/D CoNtrol 1) ...ccccvvevenrieieneeieseneeiens 112
CCP1CON (CCP Control 1) . .. 58
EECON2 . .41
FSR ........ . 27
INTCON it 20
OPTION_REG ..ottt 19, 48
PCON (Power CoNntrol) .......ccccovuveeenineeeiiiecnsiieee e 25
PIE1 (Peripheral Interrupt Enable 1) ..........cccooeeveeen. 21
PIE2 (Peripheral Interrupt Enable 2) ..........c.ccccveeen. 23
PIR1 (Peripheral Interrupt Request 1) ........c.ccceevveeee. 22
PIR2 (Peripheral Interrupt Request 2) ... .24
RCSTA (Receive Status and Control) ... .. 96
Special Function, Summary ................... ... 15
SSPCON2 (Sync Serial Port Control 2) ...........c........ 68
STATUS e 18
TL1CON (Timerl Control) .......cccevvvveriiieeeiiieeeiieeens 51
T2CON (Timer 2 Control)
Timer2
T2CON Register .. ... 55
TRISE oo .. 37
TXSTA (Transmit Status and Control) ...........c.ccceee. 95
Repeated START Condition Enable bit ..............cccceeieen. 68
RESET ittt ettt 119,123
BloCK Diagram ..........ccccceeeiieiiiniiiiiicsiie e 123

MCLR Reset. See MCLR

RESET
Brown-out Reset (BOR). See Brown-out Reset (BOR)
Power-on Reset (POR). See Power-on Reset (POR)

RESET Conditions for PCON Register ...........c.c...... 125
RESET Conditions for Program Counter ................. 125
RESET Conditions for STATUS Register ................ 125
WDT Reset. See Watchdog Timer (WDT)
ReViISION HIStOrY .......coveiiiiiiiiiicicec e 197
S
S (START D) weoviiiiieirie e 66
Sales and SUPPOIT .....ooviiiieiiiee e 209
SCI. See USART
SCK e 69

SDO .ot 69

Serial Clock, SCK ...ttt 69

Serial CloCK, SCL .....uviiiiiieeiiee e 74

Serial Communication Interface. See USART

Serial Data Address, SDA .......ccociiiiiiieiicece e 74

Serial Data In, SDI ................

Serial Data Out, SDO

Slave Select, SS .............

SLEEP ..

SMP e

Software Simulator (MPLAB SIM) ......cccoeviiiiiiiniiiieee. 144

SPBRG REQJISIEN .....eoiiiiiiiiiiie ittt 16

Special Features of the CPU .. 119

Special Function Registers ......... ... 15

Special Function Registers (SFRS) .......c.cccoveviene ... 15
Data EEPROM and FLASH Program Memory .......... 41

Speed, OPErating .......ccccvervieiiiiiiesie e 1
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SPI
Master MOde .........ooeeiieiiiiiiie e 70
Master Mode TimiNg ......cccooecvveeiiiiieeeiieeene e 70
Serial Clock .................

Serial Data In ...
Serial Data Out
Serial Peripheral Interface (SPI) ......ccccociviiiiiciciies
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
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Bus Collision During a Repeated

START Condition (Case 1) ........ccocevevueenen. 92
Bus Collision During a Repeated

START Condition (Case2) .........cccceevueenee. 92
Bus Collision During a START

Condition (SCL = 0) eeveevieeeriieee e 91
Bus Collision During a STOP Condition ..................... 93
Bus Collision for Transmit and Acknowledge ............. 89
Capture/Compare/PWM .........cccoviiiinieiiiieeeiieees 166
CLKOUT @and l/O .....cocvviiiiiiiiiiciiieieeeee e 163
12C BUS DALA ...ceooeeveeeieeeeiseeeeeeeeie i 171
12C Bus START/STOP bitS ....cevveeverrereececreriee e, 170
12C Master Mode First START Bit Timing .................. 80
1°C Master Mode Reception Timing ........ ....85
12C Master Mode Transmission Timing ... ....83
Master Mode Transmit Clock Arbitration .................... 88
Power-up TIMEer .....ccccoioiiiiiiiieie e 164
Repeat START Condition .........cccceevvveeriieeniniieeenineen. 81
RESET oottt 164
SPIMaster Mode ........ccccecvieiiieiiieiienieecee e 70
SPI Slave Mode (CKE = 1) ........... e 71
SPI Slave Mode Timing (CKE = 0) ....cccoeviiieeiiiieennes 71
Start-up TIMET ....oooiiiiiiiiie e 164
STOP Condition Receive or Transmit ...............ce..e.. 87
Time-out Sequence on POWEr-up .................... 127,128
TIMEIO oo 165
TIMErL Lo 165
USART Asynchronous Master Transmission ........... 100
USART Asynchronous Reception
USART Synchronous Receive ......
USART Synchronous Reception ......
USART Synchronous Transmission ................ 106, 173
USART, Asynchronous Reception ..........cccccceveenen. 104
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Asynchronous Receive with Address Detect.
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Note the following details of the code protection feature on Microchip devices:

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

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

intended manner and under normal conditions.

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

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

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

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

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

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

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV
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Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC32 logo, rfPIC, SST, SST Logo, SuperFlash
and UNI/O are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.
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MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of
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Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.
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headquarters, design and wafer fabrication facilities in Chandler and
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and India. The Company'’s quality system processes and procedures
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analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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