MICROCHIP

Product Reliability

OVERVIEW

Microchip Technology Inc.'s products provide com-
petitive leadership in quality and reliability, with demon-
strated performance of less than 100 FITs (Failures in
Time) operating life for most products. The designed-in
reliability of Microchip's products are supported by
ongoing reliability data monitors. This document pre-
sents current data for your use - to provide you with
results you can count on.

The test descriptions included in this document explain
Microchip's quality and reliability system. The product
data demonstrates its results.

The customer's quality requirements are Microchip's
top priority. Ongoing customer feedback and device
performance monitoring drive Microchip, leading to
continuing improvements in the long-term quality and
reliability.

FAILURE RATE CALCULATION

Extended field life is simulated by using high ambient
temperature. In the semiconductor technology, high
temperatures dramatically accelerate the mechanisms
leading to component failure. Using performance
results at different temperatures, an activation energy is
determined using the Arrhenius equation. For each
type of failure mechanism, the activation energy
expresses the degree to which temperature increases
the failure rate.

The activation energy values determined by Microchip
Technology agree closely with those published in the lit-
erature. For complex CMOS devices in production at
Microchip Technology, an activation energy of 0.6 eV
has been shown to be representative of typical failures
on operating life. This activation energy also applies to
some of our retention bake failures, though most are
1.2eV. By definition, failure is reached when a device
no longer meets the data sheet specifications as a
direct result of the reliability test environment to which it
was exposed. Common failure modes for CMOS inte-
grated circuits are identified for each test environment.

To establish a field failure rate, the acceleration factor is
applied to the device operating hours observed at high
temperature stress and extrapolated to a failure rate at
55°C ambient temperature in still air.

The actual failure rate experienced could be consider-
ably less than that calculated if lower device tempera-
tures occur in the application board, such as would be
the case if a fan, a heat sink, or air flow by convection
is used.

Environment Typical Failure Mechanism

Operating Life Process parameter drift/shift
Metal electromigration
Internal leakage path

Lifted bond/ball bond chip-out

Temperature Cycle  Lifted bond/ball chip-out
Cracked die or surface cracks
Bond pad corrosion

Autoclave Inter-pin leakage
Charge loss
High Temp. Bake Charge loss

High Temp. Charge gain, Parameter
Reverse Bias drift/shift
DEFINITIONS

FIT (Failure In Time): Expresses the estimated field
failure rate in number of failures per billion power-on
device-hours. 100 FITS equals 0.01% fail per 1,000
device-hours.

Operating Life Test: The device is dynamically exer-
cised at a high ambient temperature (usually 125°C) to
quickly simulate field life. Derating from high tempera-
ture, an ambient use condition failure rate can be calcu-
lated.

Temperature Cycle: The devices are exposed to
severe extremes of temperature in an alternating fash-
ion (-65°C for 15 minutes, 150°C for 15 minutes per
cycle). Package strength, bond quality and consistency
of assembly process are stressed using this environ-
ment.

Autoclave (pressure cooker): Using a pressure of
one atmosphere above atmospheric pressure, plastic
packaged devices are exposed to moisture at 121°C.
The pressure forces moisture permeation of the pack-
age and accelerates related failure mechanisms, if
present, on the device.
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Thermal Shock: Exposes devices to extreme temper-
atures from -55°C to +125°C by alternate immersion in
liquid media.

Retention Bake: A 150°C temperature stress is used
to accelerate charge loss in the memory cell and mea-
sure the data retention on the EPROM and EEPROM
portions of the circuitry.

HAST: Moisture, extreme heat and bias are used to
accelerate corrosion and contamination in plastic pack-
ages. The conditions are 130°C and 85% relative
humidity. Typical bias voltage is +5 Volts and ground on
alternating pins.

RELIABILITY CONTROL SYSTEM

A comprehensive qualification system ensures that
released products are designed, processed, packaged
and tested to meet both design functionality and strict
reliability objectives. Once qualified, a reliability moni-
tor system ensures that wafer fabrication and assembly
process performance is stable over time. A set of base-
line specifications is maintained that states which
changes require requalification. = These process
changes can only be made after successful demonstra-
tion of reliability performance. This system results in
reliable field performance, while enabling the smooth
phase-in of improved designs and product capability.

RELIABILITY DATA SUMMARY

Introduction

This section provides a reliability summary of Microchip
Technology's product. Included is reliability data and
packaging information obtained over the recent past.

Plastic Package Characteristics and Codes

As part of an on going product program, Microchip
Technology will apply its Quality and Reliability pro-
cess in evaluating the latest developments in plastic
packaging technology, and implement the highest reli-
ability materials and assembly techniques. The plastic
packages that are currently available from Microchip
are listed in the table below.

Package Description Identification Code

Package Description Identification Code

Plastic Leadless Chip Carrier L

Plastic Dual In Line (600) P

Plastic Dual In Line (300) SP

Plastic SOIC (.150) SL/SN
Plastic SOIC (.207) SM

Plastic SOIC (.300) SO

Plastic TSOP (8 x 20mm) TS

Plastic SSOP (.207) SS

FIGURE 1: RELIABILITY CONTROL SYSTEM DIAGRAM
DESIGN AND DEVELOPMENT ——p QUALIFICATION ——p RELIABILITY CONTROL

* Logic design & verification
 Circuit design & verification
« Layout design & verification
« Prototype verification

Specify: Confirm design objectives || Assure Outgoing Quality Level:
« Design objectives/specifica- using qualification tests: - Design release document
tions * Operating life, 125°C ambi- « Baseline wafer fabrication pro-
+ Testability goals ent cess
« Reliability requirements * Temp-cycle, -65°/150°C « Baseline assembly process
« Process/packaging require- * Thermal shock, -65°/150°C « Qualification release
ments + ESD, £4000V HBM « Enter device to specification sys-
» Design guidelines  ESD, £400V MM tem
Design: « Latch-up (CMOS devices) « Wafer-level reliability controls
« Functional models « Autoclave (pressure cooker) « Assembly reliability controls

retention bake

« Early failure rate sampling

 Reliability monitoring

« Statistical process control feed-
back

» Performance characteriza-
tion

Develop (as required):

« Wafer fabrication processes

» Package/packaging technol-
ogy

« Audit specifications
* Analyze returned failures

* Requalify devices as needed for
major changes such as ESD
resistance enhancement, cost
reduction/die shrink, process
improvement, and new package

types.
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HIGH TEMPERATURE (125°C)
DYNAMIC LIFETEST

Graph set for EEPROM, PIC16/17 and EPROM
for all conditions

High temperature dynamic life testing accelerates ran-
dom failure modes which would occur in user applica-
tions. Voltage bias and address signals are used to
exercise the device in a manner similar to user sys-
tems.

FIGURE 2: EEPROM DYNAMIC LIFE

200
150
w
=
L
2
T
@
=
m
11
o N ™ < 0
o o o I I
I I 1< I I
- = - = =

FIGURE 3: EPROM DYNAMIC LIFE
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FIGURE 4: PIC16/17 MICROCONTROLLER
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DATA RETENTION BAKE

Data storage in applicable devices is done by develop-
ing a charge on the floating gate structure in the mem-
ory cell. Charge loss in this cell structure results in a
conversion of zeroes to ones. In order to evaluate the
level of this type of failure, devices are subjected to a
150°C bake. This bake accelerates charge loss in the
memory cell and 168 hours at 150°C is equivalent to
greater than 250 years in the field at 55°C.

FIGURE 5: EEPROM RETENTION BAKE
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FIGURE 6: EPROM RETENTION BAKE
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FIGURE 7: PIC16/17 MICROCONTROLLER
RETENTION BAKE
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NOTE: Representation of reliability data typically
shows calendar year grouping along the x-axis, except
for 1993 which includes only first, second and third
quarters. This provides the equal time interval normally
expected for graphical presentation. However,
Chi-square statistics demand equivalent device-hours
for fair interval comparison. Such data grouping
assures that relatively small sample sizes do not indi-
cate unrepresentative FIT rates.
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PCT (AUTOCLAVE)

Originally, this test was designed to evaluate corrosion
of bond pads due to penetrating moisture combining
with contaminant residue on the metal surface. The cor-
rosion failure rate for this test has become nearly zero
and a new failure mode has surfaced. This is memory
cell charge loss due to moisture penetration along the
floating gate allowing a conduction path for removal of
stored charge. This moisture path is between the seal
of the metal and the passivation which can then be
traced to the substrate near the edge of the floating
gate. This failure type is the primary mode in the data
provided.

Operating Hours
Package 24 168
PDIP 0/1334 0/1334
PLCC 0/1014 7/1014
SOIC 0/2439 0/2439
TSOP 0/192 0/192

PCT Failure Modes:

1 unit of 32L PLCC (27C256) failed due to lifted ball bonds.

5 units of 32L PLCC (27C256) failed due to lifted ball bonds.

1 unit of 32L PLCC (27C256) failed due to a leaky oxide
causing single bit charge loss.

TEMPERATURE CYCLING

This thermal tests evaluates air to air rapid temperature
change evaluating built in material stresses. This is a
worst case simulation of system power up/power down
and is based on stringent military packaging require-
ments.

Operating Results
Package 100 Cycles
PDIP 0/364
PLCC 0/188
SOIC 0/964
TSOP 0/30
SSOP 0/60
VSOP 2/20

TC Failure Modes:
2 units of 28L VSOP (28C64A) failed due to lifted ball bonds.

THERMAL SHOCK

Thermal shock is the most extreme case of tempera-
ture cycling by using liquid immersion for the technique
to change the device environment. This accelerates
any stress related failures with the rapidly changing
gradient. After the temperature stressing a constant
force centrifuge test is also preformed prior to final elec-
trical testing to further uncover any defects that may
have occurred under stress.

Operating Results
Package 100 Cycles

PDIP 0/354
PLCC 0/132
SoIC 0/872
TSOP 0/30
SSOP 0/60
VSOP 2/66

TS Failure Modes:
2 units of 28L VSOP (28C64A) failed due to oxide defects.

HAST (130°/85% R.H.)

Highly Accelerated Stress Testing evaluates plastic
encapsulated devices’ ability to withstand extreme high
temperature, high humidity environments while under
electrical bias. This is done by a new method known as
HAST. This stress is designed to create corrosion of the
metal or internal device leakage if ionic contaminants
are present but also may cause charge loss in memory
cells.

Operating Results
Package 48 Hours 168 Hours
PDIP 0/969 1/969
PLCC /477 01477
SOIC 8/2572 0/2482
TSOP 0/150 0/149

HAST Failure Modes:
8 units of 18L SOIC (PIC16CR54) failed due to high static Idd.
1 unit of 8L PDIP (24LC65) failed due to single bit charge loss.
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PRODUCT RELIABILITY DATA

CMOS PIC16/17

Operating Hours
Device Operation 168 1008 Fails Device Hours FITS o
60% CL@55°C
PIC16C54 DLT 1/2281 1/1028 2 1,246,728 60
PIC16C54A DLT 1/1520 3/760 4 893,760 75
PIC16C55 DLT 3/1474 0/710 3 844,032 119
PIC16C56 DLT 0/2286 0/1028 0 1,247,568 18
PIC16C57 DLT 0/1865 0/868 0 1,042,440 21
PIC16C58A DLT 1/2670 0/720 1 1,053,360 25
PIC16C64 DLT 3/774 1/324 4 402,192 168
PIC16C71 DLT 0/1521 0/756 0 890,568 25
PIC16C74 DLT 0/405 2/162 2 204,120 196
PIC16C84 DLT 0/1523 1/723 1 863,184 56
PIC17C42 DLT 1/767 0/370 1 439,656 59
PIC17C44 DLT 0/342 0/162 0 193,536 61
PIC16C54 BAKE 1/2915 0/585 1 981,120 18
PIC16C54A BAKE 0/1874 0/390 0 642,432 <1
PIC16C55 BAKE 0/1869 0/382 0 634,872 12
PIC16C56 BAKE 3/2901 0/580 3 974,568 37
PIC16C57 BAKE 1/2312 1/464 2 778,176 34
PIC16C58A BAKE 0/1887 0/385 0 640,416 <1
PIC16C64 BAKE 0/950 0/190 0 319,200 <1
PIC16C71 BAKE 0/1852 0/385 0 634,536 12
PIC16C74 BAKE 0/481 0/95 0 160,608 <1
PIC16C84 BAKE 0/1392 0/295 0 481,656 <1
PIC17C42 BAKE 0/928 0/190 0 315,504 <1
PIC17C44 BAKE 0/438 0/99 0 156,744 <1

Failure Modes - Dynamic Life:
1 unit of PIC16C58A failed static Idd.
3 units of PIC16C55 failed due to mishandling exacerbated by thermal stress.
1 unit of PIC16C54A failed dynamic Idd due to oxide defects.
2 units of PIC16C65/74 failed due to poor programming margin.
3 units of PIC16C64 failed for fuse charge gain.
1 unit of PIC16C64 had a column fail.
1 unit of PIC17C42 failed due to single bit charge loss.
1 unit of PIC16C84 failed continuity at high temperature.
1 unit of PIC16C54 failed due to high Idd standby.
1 unit of PIC16C54 failed leakage due to wire sweep.
3 units of PIC16C54A failed dynamic Idd.
Failure Modes - Retention Bake:
2 units of PIC16C56 failed single/double bits due to metal shorting the floating gates to ground.
2 units of PIC16C57 failed due to single bit charge loss.
1 units of PIC16C54 failed due to single bit charge loss.
1 units of PIC16C56 failed due to single bit charge loss.
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EEPROM

Operating Hours

Device Operation 168 1008 Fails Device Hours 60% (FZIITEDSS"C
24C01A/02A DLT 0/2297 0/880 0 1,125,096 29
24C04 DLT 0/1530 0/842 0 964,320 20
93C06/46 DLT 0/1147 0/459 0 578,256 23
93LC46 DLT 0/2681 0/1078 0 1,355,928 38
93LC56/66 DLT 0/3447 0/1609 0 1,930,656 16
93LCS56/66 DLT 0/383 0/160 0 198,744 11
241.C01B DLT 1/1915 0/779 1 976,080 29
24L.C02B DLT 0/2297 3/925 3 1,162,896 50
241.C04B DLT 0/1519 0/612 0 769,272 86
241.C08B DLT 0/1915 0/767 0 966,000 29
24L.C16B DLT 0/1915 0/767 0 966,000 23
24L.C65 DLT 0/1149 0/688 0 770,952 23
24C01A/02A BAKE 0/2320 0/480 0 792,960 <1
24C04 BAKE 0/1392 0/285 0 473,256 <1
93C06/46 BAKE 0/0 0/0 0 0 NA
93LC46 BAKE 1/2316 0/474 1 787,248 <1
93LC56/66 BAKE 0/3712 0/765 0 1,266,216 <1
93LCS56/66 BAKE 0/0 0/0 0 0 NA
241.C01B BAKE 0/2320 0/480 0 792,960 <1
241.C02B BAKE 0/2320 0/494 0 804,720 <1
241.C04B BAKE 0/1856 0/380 0 631,008 <1
241.C08B BAKE 0/2336 0/500 0 812,448 <1
24L.C16B BAKE 0/2320 0/475 0 788,760 <1
24L.C65 BAKE 2/928 0/195 2 319,704 <1

Failure Modes - Dynamic Life:

1 unit of 24LCO1B failed leakage on the SDA pin.

3 units of 24LC02B failed due to high standby current.

Failure Modes - Retention Bake:
1 unit of 93LCA46 failed to program.
2 units of 24L.C65 failed for single bit charge loss.
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EPROM
Operating Hours
Device Operation 168 1008 Fails Device Hours FITS
P 60% CL@55°C

27C256 DLT 4/5360 0/2291 4 2,824,920 44
27C512A DLT 1/2310 5/929 6 1,168,440 81
27C256 BAKE 1/6496 0/1235 1 2,128,728 <1
27C512A BAKE 0/2771 0/570 0 944,328 <1

Failure Modes - Dynamic Life:
2 units of 27C512A failed for single bit charge loss due to a hole in the oxide.
4 units of 27C512A failed for leadage due to a hole in the oxide.
4 units of 27C256 failed due to marginal Vih.

Failure Modes - Retention Bake:
1 unit of 27C256 failed due to an oxide defect in the 1st gate oxide.

Operation Legend: DLT - Dynamic Life Test (125°C)  Bake -Retention Bake (150°C)
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WORLDWIDE SALES & SERVICE

AMERICAS

Corporate Office

Microchip Technology Inc.

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 602 786-7200 Fax: 602 786-7277
Technical Support: 602 786-7627
Web: http://www.microchip.com
Atlanta

Microchip Technology Inc.

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770 640-0034 Fax: 770 640-0307
Boston

Microchip Technology Inc.

5 Mount Royal Avenue

Marlborough, MA 01752

Tel: 508 480-9990 Fax: 508 480-8575
Chicago

Microchip Technology Inc.

333 Pierce Road, Suite 180

Iltasca, IL 60143

Tel: 708 285-0071 Fax: 708 285-0075
Dallas

Microchip Technology Inc.

14651 Dallas Parkway, Suite 816
Dallas, TX 75240-8809

Tel: 972 991-7177 Fax: 972 991-8588
Dayton

Microchip Technology Inc.

Suite 150

Two Prestige Place

Miamisburg, OH 45342

Tel: 513 291-1654 Fax: 513 291-9175
Los Angeles

Microchip Technology Inc.

18201 Von Karman, Suite 1090
Irvine, CA 92612

Tel: 714 263-1888 Fax: 714 263-1338
New York

Microchip Technology Inc.

150 Motor Parkway, Suite 416
Hauppauge, NY 11788

Tel: 516 273-5305 Fax: 516 273-5335
San Jose

Microchip Technology Inc.

2107 North First Street, Suite 590
San Jose, CA 95131

Tel: 408 436-7950 Fax: 408 436-7955
Toronto

Microchip Technology Inc.

5925 Airport Road, Suite 200
Mississauga, Ontario L4V 1W1, Canada
Tel: 905 405-6279 Fax: 905 405-6253

ASIA/PACIFIC

Hong Kong

Microchip Asia Pacific

RM 3801B, Tower Two

Metroplaza

223 Hing Fong Road

Kwai Fong, N.T. Hong Kong

Tel: 852 2 401 1200 Fax: 852 2 401 3431
India

Microchip Technology India

No. 6, Legacy, Convent Road

Bangalore 560 025 India

Tel: 91 80 529 4846 Fax: 91 80 559 9840
Korea

Microchip Technology Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku,

Seoul, Korea

Tel: 82 2 554 7200 Fax: 82 2 558 5934
Shanghai

Microchip Technology

Unit 406 of Shanghai Golden Bridge Bldg.

2077 Yan’an Road West, Hongiao District
Shanghai, Peoples Republic of China
Tel: 86 21 6275 5700

Fax: 011 86 21 6275 5060

Singapore

Microchip Technology

Taiwan Singapore Branch

200 Middle Road

#10-03 Prime Centre

Singapore 188980

Tel: 65334 8870 Fax: 65 334 8850
Taiwan, R.O.C

Microchip Technology Taiwan

10F-1C 207

Tung Hua North Road

Taipei, Taiwan, ROC

Tel: 886 2 717 7175 Fax: 886 2 545 0139

MicrOCHIP

EUROPE

United Kingdom

Arizona Microchip Technology Ltd.

Unit 6, The Courtyard

Meadow Bank, Furlong Road

Bourne End, Buckinghamshire SL8 5AJ
Tel: 44 1628 851077 Fax: 44 1628 850259
France

Arizona Microchip Technology SARL
Zone Industrielle de la Bonde

2 Rue du Buisson aux Fraises

91300 Massy - France

Tel: 3316953 6320 Fax: 33169309079
Germany

Arizona Microchip Technology GmbH
Gustav-Heinemann-Ring 125

D-81739 Muenchen, Germany

Tel: 49 89 627 144 0 Fax: 49 89 627 144 44
Italy

Arizona Microchip Technology SRL
Centro Direzionale Colleone

Palazzo Taurus 1 V. Le

Colleoni 1

20041 Agrate Brianza

Milan Italy

Tel: 39 39 6899939 Fax: 39 39 689 9883

JAPAN

Microchip Technology Intl. Inc.

Benex S-1 6F

3-18-20, Shin Yokohama

Kohoku-Ku, Yokohama

Kanagawa 222 Japan

Tel: 81 45 471 6166 Fax: 81 45 471 6122

11/25/96

All rights reserved. O 1996, Microchip Technology Incorporated, USA. 12/96

-
Information contained in this publication regarding device applications and the like is intended through suggestion only and may be superseded by updates. No repre-
sentation or warranty is given and no liability is assumed by Microchip Technology Incorporated with respect to the accuracy or use of such information, or infringement
of patents or other intellectual property rights arising from such use or otherwise. Use of Microchip’s products as critical components in life support systems is not autho-
rized except with express written approval by Microchip. No licenses are conveyed, implicitly or otherwise, under any intellectual property rights. The Microchip logo and
name are registered trademarks of Microchip Technology Inc. All rights reserved. All other trademarks mentioned herein are the property of their respective companies.
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