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PIC16F88X

PIC16F88X Family
Silicon Errata and Data Sheet Clarification

The PIC16F88X family devices that you have received
conform functionally to the current Device Data Sheet
(DS41291G), except for the anomalies described in
this document.

The silicon issues discussed in the following pages are
for silicon revisions with the Device and Revision IDs
listed in Table 1. The silicon issues are summarized in
Table 2.

The errata described in this document will be addressed
in future revisions of the PIC16F88X silicon.

Note: This document summarizes all silicon
errata issues from all revisions of silicon,
previous as well as current. Only the
issues indicated in the last column of
Table 2 apply to the current silicon revi-
sion (A0 or A2, as applicable).

Data Sheet clarifications and corrections start on page
4, following the discussion of silicon issues.

The silicon revision level can be identified using the
current version of MPLAB® IDE and Microchip’s
programmers, debuggers, and emulation tools, which
are available at the Microchip corporate web site
(www.microchip.com).

For example, to identify the silicon revision level
using MPLAB IDE in conjunction with a hardware
debugger:

1. Using the appropriate interface, connect the
device to the hardware debugger.
2. Open an MPLAB IDE project.
3. Configure the MPLAB IDE project for the
appropriate device and hardware debugger.
4. Based on the version of MPLAB IDE you are
using, do one of the following:
a) For MPLAB IDE 8, select Programmer >
Reconnect.
b) For MPLAB X IDE, select Window >
Dashboard and click the Refresh Debug
Tool Status icon ( /& ).
5. Depending on the development tool used, the
part number and Device Revision ID value
appear in the Output window.

Note: If you are unable to extract the silicon
revision level, please contact your local
Microchip sales office for assistance.

The DEVREYV values for the various PIC16F88X silicon
revisions are shown in Table 1.

TABLE 1: SILICON DEVREV VALUES

Revision ID for Silicon Revision®

Part Number Device ID(")
A0 A2

PIC16F882 2000h 00h
PIC16F883 2020h 00h
PIC16F884 2040h 00h
PIC16F886 2060h 02h
PIC16F887 2080h 02h

Note 1: The device and revision data is stored in the Device ID located at 2006h in program memory.
2: Refer to the “PIC16F88X Memory Programming Specification” (DS41287) for detailed information.
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PIC16F88X

TABLE 2: SILICON ISSUE SUMMARY (PIC16F882)
ltem Affected Revisions()
Module Feature Number Issue Summary 20
LVP Programming 1. Programming disruption. X
MSSP SPI Master 2. SPI using Timer2/2. X
ADC VP6 Reference 3. Disruption of the HFINTOSC. X
MSSP SPI Master 4. Write collision on loading. X
MSSP I2C™ Slave 5. R/W bit on ACK. X
MSSP [’C™ Master 6. Clock-stretching handling. X
MSSP SPI Slave 7. Multi-byte transmission. X
Timer1 Ext. Crystal 8. Overflow may take additional count. X
Timer1 Ext. Crystal 9. Oscillator may stop running at low temps. X
Timer0 Prescaler 10. Spurious Reset. X
MSSP SPI Master 11. Disabling the module generates a clock X
pulse.
CCP Dead-Band 12. Unpredictable waveforms if dead-band X
Delay delay is greater than the PWM duty cycle.
Note 1: Only those issues indicated in the last column apply to the current silicon revision.
TABLE 3: SILICON ISSUE SUMMARY (PIC16F883/PIC16F884)
ltem Affected Revisions()
Module Feature Number Issue Summary 20
LVP Programming 1. Programming disruption. X
MSSP SPI Master 2. SPI using Timer2/2. X
ADC VP6 Reference 3. Disruption of the HFINTOSC. X
MSSP SPI Master 4. Write collision on loading. X
MSSP 12C™ Slave 5. R/W bit on ACK. X
MSSP [’C™ Master 6. Clock-stretching handling. X
MSSP SPI Slave 7. Multi-byte transmission. X
Timer1 Ext. Crystal 8. Overflow may take additional count. X
Timer1 Ext. Crystal 9. Oscillator may stop running at low temps. X
Timer0 Prescaler 10. Spurious Reset. X
MSSP SPI Master 11. Disabling the module generates a clock X
pulse.
CCP Dead-Band 12. Unpredictable waveforms if dead-band X
Delay delay is greater than the PWM duty cycle.
Note 1: Only those issues indicated in the last column apply to the current silicon revision.
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TABLE 4: SILICON ISSUE SUMMARY (PIC16F886/PIC16F887)
ltem Affected Revisions(!)
Module Feature Issue Summary
Number A2
LVP Programming 1. Programming disruption. X
MSSP SPI Master 2. SPI using Timer2/2. X
ADC VP6 Reference 3. Disruption of the HFINTOSC. X
MSSP SPI Master 4. Write collision on loading. X
MSSP I2C™ Slave 5. R/W bit on ACK. X
MSSP [’C™ Master 6. Clock-stretching handling. X
MSSP SPI Slave 7. Multi-byte transmission. X
Timer1 Ext. Crystal 8. Overflow may take additional count. X
Timer1 Ext. Crystal 9. Oscillator may stop running at low temps. X
Timer0 Prescaler 10. Spurious Reset. X
MSSP SPI Master 11. Disabling the module generates a clock X
pulse.
CCP Dead-Band 12. Unpredictable waveforms if dead-band X
Delay delay is greater than the PWM duty cycle.
Note 1: Only those issues indicated in the last column apply to the current silicon revision.
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Silicon Errata Issues 2. Module: MSSP (SPI Mode)

Note: This document summarizes all silicon When the SPI is using Timer2/2 as the clock
errata issues from all revisions of silicon, source, a shorter than expected SCK pulse may
previous as well as current. Only the occur on the first bit of the transmitted/received
issues indicated by the shaded column in data (Figure 1).
the following tables apply to the current
silicon revision (A0 or A2, as applicable). FIGURE 1: SCK PULSE VARIATION

USING TIMER2/2
1. Module: Low-VoItaqe In-Circuit Serial Write SSPBUF
Programming™ (LVP)

If LVP (Low-Voltage Programming) mode is bit0=1 bit1=0 bit2=1....
enabled, programming the device using the VPP —
pin while holding high or toggling the port pin RB3/ SDO
PGM during Program mode could disrupt the
programming sequence. —‘

SCK

Work around

Pull down pin RB3/PGM using external circuitry

during programming of the device. Work around
Affected Silicon Revisions To avoid producing the short pulse, turn off Timer2
and clear the TMR2 register, load the SSPBUF
PIC16F882 with the data to transmit and then turn Timer2 back
A0 on. Refer to Example 1 for sample code.
X EXAMPLE 1: AVOIDING THE INITIAL
PIC16F883/PIC16F884 SHORT SCK PULSE
LOOP BTFSS SSPSTAT, BF ;Data received?
A0 ; (Xmit complete?)
X GOTO  LOOP ; No
MOVE  SSPBUF, W ;W = SSPBUF
MOVWE RXDATA ;Save in user RAM
PIC16F886/PIC16F887 MOVE  TXDATA, W W = TXDATA
A2 BCF T2CON, TMR2ON ;Timer2 off
CLRF TMR2 ;Clear Timer2
X MOVWE SSPBUF ;Xmit New data
BSF T2CON, TMR20ON ;Timer2 on

Affected Silicon Revisions
PIC16F882

A0
X

PIC16F883/PIC16F884

A0

X

PIC16F886/PIC16F887

A2

X
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Module: Analog-To-Digital Converter
(ADC) Module

Selecting the VP6 reference as the analog input
source (CHS<3:0>=1111) for the ADC
conversion after sampling another analog channel
with input voltages approximately greater than
3.6V can temporarily disturb the HFINTOSC
oscillator.

Note:  This only occurs when selecting the
VP6 reference ADC channel using the
CHS<3:0> bits in the ADCONO
register and NOT during the start of an
actual ADC conversion using the
GO/DONE bitin the ADCONO register.

Work around

Select an ADC channel with input voltages lower
than 3.6V prior to selecting the VP6 reference
voltage input. Any analog channel can be used,
even if that channel is configured as a digital I/O
(configured as an output) that is driving the output
pin low. An alternative is to configure the CVREF
module to output a voltage less than 3.6V and then
selecting that analog channel CHS<3:0>=1110
as the analog input source.

Module: MSSP (SPI Master Mode)

With MSSP in SPI Master mode, Fosc/64 or
Timer2/2 clock rate and CKE = 0, a write collision
may occur if SSPBUF is loaded immediately after
the transfer is complete. A delay may be required
after the MSSP Interrupt Flag bit, SSPIF, is set or
the Buffer Full bit, BF, is set and before writing
SSPBUF. If the delay is insufficiently short, a write
collision may occur as indicated by the WCOL bit
being set.

Work around

Add a software delay of one SCK period after
detecting the completed transfer and prior to
updating the SSPBUF contents. Verify the WCOL
bit is clear after writing SSPBUF. If the WCOL is
set, clear the bit in software and rewrite the
SSPBUF register.

Date Codes that pertain to this issue:
All engineering and production devices.

Affected Silicon Revisions

PIC16F882

A0
X

PIC16F883/PIC16F884

EXAMPLE 2: AVOID DISTURBING THE
HFINTOSC OSCILLATOR
BANKSEL ADCONO ;
MOVLW B’XX111001" ;Select ADC
MOVWE ADCONO ;Channel CVREF
MOVLW B’XX111101" ;Select ADC
MOVWE ADCONO ;Channel VP6

A0

X

PIC16F886/PIC16F887

Affected Silicon Revisions

PIC16F882

A2

X

A0

X

PIC16F883/PIC16F884

A0

X

PIC16F886/PIC16F887

A2

X
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5. Module: MSSP (I2C™ Slave Mode)

When the master device wants to terminate
receiving any more data from the slave device, it
will do so by sending a NACK in response to the
last data byte received from the slave. When the
slave receives the NACK, the R/W bit of the
SSPSTAT register remains set improperly.

Work around

Use the CKP bit of the SSPCON register to
determine when the master has responded with a
NACK. The CKP bit will be clear when the
response is an ACK, and set when the response is
a NACK. The CKP bit is automatically cleared to
stretch the clock when the master responds to
received data with an ACK. This gives the slave
time to load the SSPBUF register before setting
the CKP bit to release the clock stretching. When
the master responds to received data with a NACK
the CKP bit properly remains set, and there is no
clock stretching.

Affected Silicon Revisions

PIC16F882

A0
X

PIC16F883/PIC16F884

A0
X

PIC16F886/PIC16F887

A2
X
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6. Module: MSSP (IZCT"’I Master Mode)

When the MSSP is I°C™ Master mode with a
slave device stretching the clock, the clock
generation does not function as described in the
data sheet.

When a slave device is performing clock stretching
by pulling the SCL line low, the master device
should continuously sample the SCL line to
determine when all slaves have released SCL.
When SCL is released, the master device should
wait one BRG period to ensure a constant SCL
high time.

The current implementation does not ensure
accurate SCL high time. During clock stretch, the
MSSP device will erroneously continue running
the BRG counter. At the end of the clock stretch
the BRG counter continues to count down for the

FIGURE 1:

remainder of the BRG period, and then the MSSP
device will immediately resume transmitting the
data.

Figure 1 illustrates an expected I°C transmission
in which the SCL line is completely controlled by
the master device and the slave device does not
attempt to stretch the clock period.

Figure 2 illustrates the expected operation of an
I°C transmission in which the slave device has
stretched the clock period by holding the SCL line
low. The high time of the SCL pulse is constant,
regardless of the duration of the clock stretch.

Figure 3 and Figure 4 illustrate an actual 1°C
transmission in which the slave has stretched the
clock period by holding the SCL line low. Note that
the high time of the SCL signal has shortened from
the expected time.

ACTUAL (CORRECT) OPERATION WITHOUT CLOCK STRETCHING
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FIGURE 2: EXPECTED OPERATION WITH CLOCK STRETCHING
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FIGURE 3: ACTUAL (INCORRECT) OPERATION WITH CLOCK STRETCHING — EXAMPLE 1
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FIGURE 4: ACTUAL (INCORRECT) OPERATION WITH CLOCK STRETCHING — EXAMPLE 2
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Work around

Set the communication speed to match the
slowest device on the bus. This ensures that no
slave device will perform clock stretching.

It is possible to dynamically adjust the
communication speed to match the device being
addressed by modifying the BRG register.
However, the behavior of slower slave devices
must be understood and speed adjustments made
such that no slave performs clock stretching.

Affected Silicon Revisions
PIC16F882

A0
X

PIC16F883/PIC16F884

A0
X

PIC16F886/PIC16F887

A2
X
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7. Module: MSSP

When all of the following conditions are met:
1. The module is configured as a SPI slave
2.CKP =1

3.CKE=1

4. Multiple bytes are sent to the Slave with the SS
line remaining low between bytes

The SSPIF flag will only be set on reception of the

first byte and the following bytes will not be
correctly received.

Work around
» SPI Master toggles the SS line between bytes
or

» On reception of the first byte modify the SSPMO
bit in the SSPCON register to configure the
module as a SPI slave with SS pin disabled.
Then restore the SSPMO bit to the configuration
for SPI slave with SS pin enabled. The module
is then ready for reception of the following byte.

BSF SSPCON, SSPMO
BCF SSPCON, SSPMO

Affected Silicon Revisions

PIC16F882

A0
X

PIC16F883/PIC16F884

A0
X

PIC16F886/PIC16F887

A2
X
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8. Module: Asynchronous Timer1

This Errata supersedes Errata DS80233 and
DS80329.

When Tlmer1 is started or updated, the timer
needs to see a falling edge from the external clock
source before a rising edge can increment the
counter. If writes to TMR1H and TMR1L are not
completed while the external clock pulse is still
high, Timer1 will not count the first clock pulse after
the update.

EXAMPLE 3:

When using an external crystal, the pulse width
from rising to falling edge is temperature
dependent and may decrease with temperature.
As a result, the timer may require an additional
oscillation to overflow.

Work around

Switching to the HFINTOSC after reloading, the
timer ensures the Timer1 will see a falling edge
before switching back to the external clock source.

Due to the time from Timer1 overflow to the reload
being application specific, wait for the timer to
increment before beginning the reload sequence.
This ensures the timer does not miss a rising edge
during reload.

BTESC TMR1L, 0

GOTO $-1

BTFEFSS TMR1L, 0

GOTO $-1 ;Timer has just incremented,
;complete reload

Update:
BCF T1CON, TMR1CS ;Select HFINTOSC for Timerl
BSF TMR1H, 7 ;Timerl high byte 0x80
BCF T1CON, TMR1ON ;Timerl off
BSF T1CON, TMR1CS ;Select external crystal
BCF T1CON, TMR1ON ;Timerl on

Critical Timing of code sequence for instructions following last write to TMRI1L or TMRI1H.

31 us before next rising edge to

Affected Silicon Revisions

PIC16F882

A0
X

PIC16F883/PIC16F884

A0
X

PIC16F886/PIC16F887

A2
X
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10.

Module: LP/Timer1 Oscillator Operation
Below 25°C

1-2% of devices experience reduced drive as
temperatures approach -40°C. This will result in a
loss of Timer1 counts or stopped Timer1
oscillation.

This can also prevent Timer1 oscillator start-up
under cold conditions.

Work around

Use of low-power crystals properly matched to the
device will reduce the likelyhood of failure. A 1mQ
resister between OSC2 and VDD will further
improve the drive strength of the circuit.

Affected Silicon Revisions

PIC16F882

A0

X

PIC16F883/PIC16F884

A0

X

PIC16F886/PIC16F887

A2

X

Module: Timer0 and WDT Prescaler
Assignment Spurious Reset

A spurious Reset may occur if the Timer0/
Watchdog Timer (WDT) prescaler is assigned from
the WDT to TimerQ and then back to the WDT.

Summary

The issue only arises when all of the below
conditions are met:
» Timer0 external clock input (TOCKI) is enabled.

* The Prescaler is assigned to the WDT, then to
the Timer0 and back to the WDT.

* During the assignments, the TOCKI pin is high
when bit TOSE is set, or low when TOSE is
clear.

» The 1:1 Prescaler option is chosen.

Description

On a POR, the TimerQ/WDT prescaler is assigned
to the WDT.

If the prescaler is reassigned to Timer0 and Timer0
external clock input (TOCKI) is enabled then the
prescaler would be clocked by a transition on the
TOCKI pin.

On power-up, the TOCKI pin is (by default)
enabled for Timer0 in the OPTION register.

If the TOCKI pin is:

» High and TimerO0 is configured to transition on a
falling edge (TOSE set), or

* Low and TimerQ is configured to transition on a
rising edge (TOSE clear)

Then, if the prescaler is reassigned to the WDT, a
clock pulse to the prescaler will be generated on
the reassignment.

If the prescaler is configured for the 1:1 option, the
clock pulse will incorrectly cause a WDT Time-out
Reset of the device.

Work around

1. Disable the Timer0 external clock input by
clearing the TOCKI bit in the OPTION
register.

2. Modify the TOSE bit in the OPTION register to
the opposite configuration for the logic level
on the TOCKI pin.

3. Select a prescaler rate other than 1:1 and
issue a CLRWDT instruction before switching
to the final prescaler rate.

Affected Silicon Revisions
PIC16F882

A0
X

PIC16F883/PIC16F884

A0
X

PIC16F886/PIC16F887

A2
X
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11. Module: MSSP (SPI Master Mode) 12. Module: Capture Compare PWM (CCP)
When the MSSP module is configured as a SPI With the ECCP configured for PWM Half-Bridge
master with CKP set, (SPI clock idles high) mode and a dead-band delay greater than or
disabling the module by clearing the SSPEN bit equal to the PWM duty cycle, unpredictable
will cause the clock line to be driven low for 2 Tosc waveforms will result.

before the setting of the RC3 output in the PORTC Work d
register takes effect. HWork around
Make sure the dead-band delay is always less

Similarly on enabling the module. There is a 1 than the PWM duty cycle.

Tosc period where the clock line will be driven low

before the CKP bit takes effect and the line is Affected Silicon Revisions
driven high.
PIC16F882

Work around
A pull-up resistor on the SCK line allows the pin to -
be configured as high-impedance during disabling/ X
enabling the module and the line to be pulled high
The TRISC3 bit should be set before disabling or A0
enabling the module to tristate the pin, and then X
cleared before transmission.
Affected Silicon Revisions PIC16F886/PIC16F887
PIC16F882 A2

A0 X

X

PIC16F883/PIC16F884

A0
X

PIC16F886/PIC16F887

A2
X
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Data Sheet Clarifications

The following typographic corrections and clarifications
are to be noted for the latest version of the device data
sheet (DS41291G):

Note: Corrections are shown in bold. Where

possible, the original bold text formatting
has been removed for clarity.

Module: ADC (Block Diagram)

Figure 9-1: ADC Block Diagram changes refer-
ences from AVss to Vss and AVDD to VDD.

Module: ADC

Acquisition Time Example calculation correction.

EQUATION 9-1:  ACQUISITION TIME EXAMPLE

Assumptions: Temperature = 50°C and external impedance of 10k$2 5.0V VDD

Taco
Tamp + TC + TCOFF

= 2us + TC + [(Temperature - 25°C)(0.05us/°C)]

The value for TC can be approximated with the following equations:

VAPPLIED(] - %) = VcHoLp ;[1] VCHOLD charged to within 1/2 Isb
(20 )-1

-Tc
VAPPLIED(I — eRC] = VcHOLD ;[2] VCHOLD charge response to VAPPLIED

~T

RC 1 ) -
VAPPLIED(] —e U = VAPPLIED(] - ——}1—:7————) ;combining [1] and [2]

(20 -1

Solving for TC:

Tc = —CuoLp(RIC + RSS + RS) In(1/2047)
= —10pF(1kQ+ 7k Q2+ 10k$2) In(0.0004885)

= 1.37us
Therefore:
TacQ = 2us + 1.37us + [(50°C- 25°C)(0.05us/°C)]
= 4.67us

Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

© 2007-2012 Microchip Technology Inc.
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APPENDIX A: DOCUMENT
REVISION HISTORY

Rev. A Document (2/2007)

First revision of this document.

Added Module 1: Low-Voltage In-Circuit Serial
Programming™ (PIC16F884/883 Silicon Rev. AQ);
Added Module 2: MSSP (SPI Mode).

Clarifications/Corrections to the Data Sheet — Added
Module 1: Product Identification System.

Rev. B Document (5/2007)

Clarifications/Corrections to the Data Sheet — Added
Module 2: Electrical Specification - Supply Current.

Rev. C Document (7/2007)

Added Module 3: Analog-to-Digital Converter (ADC)
Module.

Rev. D Document (8/2007)

Added Module 4: MSSP (SPI Master Mode), Module 5:
MSSP (I°C Slave Mode) and Module 6: MSSP (1C
Master Mode).

Rev. E Document (4/2009)

Updated Errata to new format.

Data Sheet Clarification: Added Module 1: Timer1
(Block Diagram); Module 2: Comparator (C2 Block
Diagram); Module 3: ADC (Block Diagram); Module 4:
Comparator Voltage Reference; Module 5: Comparator
Voltage Reference.

Added Module 7: MSSP; Added Module 8:
Asynchronous Timer1; Added Module 9: LP/Timer1
Oscillator Operation Below 25°C; Module 10: Timer0
and WDT Prescaler Assignment Spurious Reset.

Rev. F Document (8/2009)

Added Module 11: MSSP (SPI Master Mode); Updated
Tables 2, 3, 4.

Data Sheet Clarification: Removed Modules 1, 2, 4 and
5 as the Data Sheet has already been updated
according to this version of the errata.

Added Module 2: ADC.

Rev. G Document (12/2012)
Added Module 12: Capture Compare PWM (CCP).
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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.
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