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Preface

The purpose of this document is to make available electrostatic discharge (ESD) susceptibility
test and classification data. This data is much needed by industry and government equipment
designers to enable them to assess their equipment's’ vulnerability to the ESD threat, to assist in
the establishment of ESD control programs, and to comply with such requirements as MIL-STD-
1686B, "Electrostatic Discharge Control Program for Protection of Electrical and Electronic
Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosives Devices)."

This document was prepared as part of the Reliability Analysis Center's effort to provide its user
community with new and needed information in the field of electronic device reliability.

Contributing to this effort were William Denson, Gregory Chandler, Valerie Bottini, Forrest
Deitz, Paul Jaworski and Jeff Newberg.
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1.0 INTRODUCTION

This databook is a cumulative compendium of Electrostatic Discharge (ESD) susceptibility test
data residing in the RAC database. It was collected from a variety of sources and consists of
data on integrated circuits, discrete semiconductors and resistors.

The introductory material of this publication is not intended to provide a tutorial on ESD testing
or the physics of ESD failures, but rather to provide enough information to alow the user of this
document to effectively interpret the presented data. This information will also give the user
some insight into the usefulness and limitations of the data.

1.1 Background

When thefirst in a series of ESD data compendiums (VZAP-1) was published in 1983, ESD was
arelatively immature field with a serous lack of standardization, especially in the area of ESD
susceptibility testing. Much of the VZAP-1 data was taken with non-standard ESD simulator
circuits that deviated from the use of a 100pF, 1500 ohm discharge model. Additionaly, it was
discovered subsequent to VZAP-1 that many of these simulators, either commercially available
or built in-house, have low degrees of repeatability due to many uncontrolled variables.
Although many of the reasons for this nonrepeatability have been studied, understood, and
corrected, there potentially still are sources for large degrees of variation in the test results. A
discussion of typical variability that exist in test resultsis given in Section 1.5.

VZAP-95 is the fifth version of this data compendium and includes data on approximately 150%
more parts than VZAP-91 (published in 1991). All of the new data was taken with the standard
100pF, 1500 ohm discharge model, much of it in accordance with MIL-STD-883, Method
3015.7. Method 3015.6 was the first version of the MIL-STD-883 methods to require waveform
verification to ensure consistency in test results.

1.2 Document Organization

This document is organized into the following section:

Section 1 contains background data, information on use and interpretation of the data
presented, data conversion algorithms, and variability inherent in the data.

Section 2 contains profiles illustrating the relative susceptibility of various technologies
and device types.

Sections 3 through 5 contain susceptibility data sorted by part number (not including letter
prefixes), manufacturer, and device data code. Therefore parts 10501 and MC 10501 will
appear in succession in the manual with each specific manufacturer and device data code
listed on a separate line.
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For ease of use to those who are familiar with VZAP-91, the following information is
noted:

. Partsincluded in this document but not limited in VZAP-91 are flagged with a"*" prior
to the part number.

. Parts changing classification since VZAP-91 are flagged with a "-" prior to the part
number.

Section 3 contains detailed susceptibility test data on microcircuit devices.

Section 4 contains detailed susceptibility test data on discrete semiconductor devices.

Section 5 contains detailed susceptibility test data on passive devices.

Section 6 contains brief descriptions of the various data sources used in this publication.

Section 7 contains document references.

Slash# Index contains an integrated index of all slash numbers for Microcircuit, Discrete,

and Passive Devices. The index includes the part number, (MIL-M-38510 & MIL-S

19500) slash number, manufacturer, device date code, susceptibility classification, test

method used to classify the part, and reference pages (from Sections 3 through 5).

1.3 Use of this Data

MIL-STD-1686B covers the requirements for the establishment and implementation of an ESD
control program, including identification of ESD Sensitive (ESDS) parts, assemblies, and
equipment. Any organization that designs, tests, inspects, services, manufacturers, processes,
assembles, installs, packages, labels, or otherwise handles electronic parts, assemblies, and
equipment susceptible to ESD damage should consider implementation of an ESD control
program. The RAC has aso published a document "ESD Control in the Manufacturing
Environment” to address these issues. At the time of this writing, MIL-STD-1686B was the
current version. The "C" version of the standard is in preparation and will contain significant
changes. However, the remainder of this discussion is based on the "B" version.

The first consideration in establishing an ESD control program in a specific application is the
identification of the susceptibility levels of the specific parts being used. Thisis true whether the
program is being implemented as a result of MIL-STD-1686B or not. Based on this information,
an effective program can then be designed and implemented without expensive overkill.
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MIL-STD-1686B, Paragraph 5.2 states, "The contractor shall identify each ESD Sensitive
(ESDS) part, assembly, and equipment applicable to the contract as Class 1 or 2." In some cases
Class 3 parts must also beidentified. Paragraph 5.2.1.1 further states:

"ESD sensitivity classification for parts shall be determined as follows:

(8) ESD sensitivity as specified in the applicable part specification, or

(b) ESD sensitivity in accordance with Appendix A (of MIL-STD-1686B) test data contained in the Reliability
Analysis Center (RAC) ESD Sensitive Items List (ESDSIL), or

(c) Classified in accordance with Appendix B (of MIL-STD-1686B0, or,

(d) When specified, or at the option of the contractor when not specified, determine sensitivity by test (See
Appendix A of MIL-STD-1686B). ESD sensitivity test data reporting shall be in accordance with the data
ordering document included in the contract or order (See 6.2).

The data contained in this databook is essentially a compilation of ESD test data taken from a
wide variety of sources. The ESDSIL database referred to in item (b) above is entitled the
"Electrostatic Discharge Sensitive Items List." The intent of the ESDSIL database is to be a
central repository of data taken as a result of the requirements of MIL-STD-1686B and Data
Item Description (DID-RELI-80670). The classification test procedure in Appendix A of MIL-
STD-1686B requires the use of the test circuit of MIL-STD-883, Method 2015. At the time
MIL-STD-1686B was issued the MIL-STD-883 test method in effect was Method 3015.6. Since
much of the data collected and included in this publication was performed in accordance with
Method 3015.6 and 3015.7, most of this new data fulfills the requirements of (b).

The older data in this publication that does not fulfill (b) is however more desirable than the use
of (c) above which generically classifies components based on part type. Since 3015.6 was the
first MIL-STD-883 ESD test method to ensure reasonable confidence in test waveform
characteristics, it isthe most desirable test data available. The datatypes, in order of preference,
can be summarized as follows:

(1) MIL-STD-883, Method 3015.6 or later

(2) MIL-STD-883, Method 3015.5 or earlier, or other 100pF, 15000hm Human Body
Model (HBM) tests, such as DOD-STD-1686

(3 Non 100pF, 1500 ohm HBM tests converted to an ESD susceptibility level consistent
with the 100pF, 1500 ohm model

(4) Electromagnetic Pulse (EMP) data converted to an ESD susceptibility level..

There is data contained in this document from all four items listed above athough item 1 is the
most predominant. This is also the order of preference which as used in determining the ESD
classification of each part listed. A more detailed description of the test method used or each
dataentry is given in the remarksfield of Section 3 through 5 of this document.

In this publication unique devices are individually classified. The criteria RAC used to define a
unigue device is a unique combination of part number, manufacturer and date code. For this
reason, there are separate classifications for the same part number from a particular manufacturer
if in one case the date code was known and in another case it was not known. This uniqueness
criteria was chosen since the susceptibility may be dependent on date of manufacture for a
particular part if design or process changes were made.
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Before the updates of DOD-STD-1686 to MIL-STD-1686A and MIL-STD-883 Method 3015.5
to 3015.6, there were inconsistencies between DOD-STD-1686 and MIL-STD-883 method of
reporting ESD test results. Specifically, the voltage susceptibility ranges were different, making
it impossible to cross-correlate test data. Both MIL-STD-1686A and MIL-STD-883, Method
3015.6 have been coordinated, thereby making data taken from either useable for either purpose.
In fact MIL-STD-1686A invokes the procedure of MIL-STD-883 Method 3015. The
classifications and their associated susceptibility ranges are as follows:

Class1 0-1999V
Class 2 2000-3999V
Class 3 4000-15999V

This is the classification scheme that is used in this publication. In addition to these, RAC has
defined Class N to mean devices susceptible to levels above 15999 volts.

Since some of the older data in this publication was obtained from tests performed not in
accordance with MIL-STD-1686A or MIL-STD-883, classification in accordance with these
standards becomes difficult. For example, if testing was performed that yielded devices passing
atest at 1000 volts but failing the test at 3000, although it is known that the susceptibility level is
1000-3000 volts, the MIL-STD-1686A classification cannot be precisely determined. In this
example it is not known whether the device is Class 1 or 2. The classification criteria used in
this publication was to use the lowest failure voltage or the highest voltage at which the device
passed if no failure data existed. For example, if a device was observed to fail when tested at
2000 volts only, it was classified as Class 1 since the actual threshold voltage is between 1 and
2000 volts.

As stated previoudly, al data present in this document as not taken from specific test methods,
such as Method 3015 of MIL-STD-883 but rather from a variety of test methods. Contained in
this document are the results of tests done in accordance with MIL-STD-883, Test Method 3015;
tests similar to MIL-STD-883 Method 3015 but not strictly in accordance with it; tests using
nonstandard simulation models and methods, and EMP data that was converted to reflect ESD
susceptibility levels. The EMP data was only used for classification purposes in the cases in
which there was no other empirical ESD susceptibility data. The methodology used to convert
EMP datato ESD susceptibility levelsis given in Section 1.5.

It should be noted that there could be significant differencesin ESD susceptibility data between
test taken in accordance with Method 3015.6 and earlier versions in which the waveform was not
tightly controlled. Data taken from circuits in which the high frequency (i.e. > 100 HMz)
performance has not been characterized will lower failure thresholds. This potential exists due to
the fact that there can exist high frequency, high amplitude oscillations in some circuits which
yield higher stressing amplitudes than that of the ideal RC discharge waveform.

Additionally, there is a limited amount of Charged Device Model (CDM) test results. Even
though CDM tests are not yet incorporated into the ESD testing standards, there has been some
data included in this publication from tests performed with this model. Although the device
classification schemes are only applicable for the HBM, the CDM data that was available is
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included for completeness, considering that conventional classifications with CDM data cannot
be done.

Individuals or firms testing devices for ESD susceptibility are encouraged to submit the resulting
data to the Reliability Analysis Center for Inclusion into the database. If desired, the source of
datawill be held proprietary by RAC. This data does not need to be taken in accordance with the
MIL-STD-883 test method, but can be any empirical ESD susceptibility data. A recommended
format for this data is shown in Table 1-1. Table 1-2, The Data Item Description (DID) DI-
RELI-80670 called out in MIL-STD-1686A for submission of ESD sensitivity data is also
provided.

TABLE 1-1. DEFINITION OF VZAP TEST PARAMETERS

Field Description

SOURCE
Name - Information pertaining to the company and person responsible for performing/ compiling the results
of ESD simulation. (Address, Phone Number)

TESTER
Manufacturer - Manufacturer of the ESD simulator being used
Model Number - Model number and any revision information about the ESD simulator being used
MIL-STD-883, Method 3015 version if applicable

TEST SPEC. METHOD (The test method by which ESD simulation was performed)
Test Method - If MIL-STD-883 Method 3015 was used, the version of 3015.X will be printed. Otherwise the
resistance (in ohms) used in the simulation and the capacitance (in farads) used in the simulation will be noted
Voltage Step Levels - For step stress testing, the voltage step levels used, for go/no-go testing, the voltage

applied
# of Pulses Per Level - For step stress enter the total number of pulses applied at the maximum failed voltage
applied
Test Date - Date testing was performed
DEVICE

Part Number - Full device part number, prefix and suffix. In situations of drawing or in-house part numbers,
the generic number when available. If parts are MIL-M-38510 or MIL-S-19500, slash numbers should also
be provided
Description - Full device description of component
Manufacturer - Manufacturer of device being tested
Date Code - Date code as found on device
TEST RESULTS
Pass or Fail - Results of the ESD simulation for each device tested
# of Devices Tested - Number of devices tested
Failure Voltage - The voltage at which the device met failure criterion
Voltage Polarity The polarity of the failed voltage reported
Fail Pin Combination - The pin combination for which each test was performed and note which combination
yielded afailure
Failure Criterion - Explanation of what criterion was used to determine afailure
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TABLE 1-2. DATA ITEM DESCRIPTION - DI-REL1-80670

DATA ITEM DESCRIPTION g
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1.4 Interpretation of Data

The data contained herein isintended to present the results of empirical tests performed. Idedly,
in addition to voltage susceptibility levels, one would like to know specific failure mechanisms
that caused the device to fail. While manufacturers typically know the manner in which their
part will fail when exposed to an ESD transient, this data is not normally available to outside
organizations. Therefore, the specific failure mechanisms are not known. What is usually
known is the failure mode (that is, the measurable effect of damage), since in any ESD test there
must be a means of detecting failure. The failure criteriain the data contained herein is coded in
field number 16 in Section 3 through 5 and detailed in Appendix B.

The failure criterion used in establishing an ESD failure is critical to the outcome of the testing.
This may be illustrated by the use of two examples. In the first example, let us assume that the
failure criterion for abipolar device is defined as a certain percentage change in leakage current.
This may be adifficult failure criterion to implement, because the relationship of leakage current
versus stress voltage itself is not well defined. In the second example, let us assume that the
leakage current specification limits are used as the failure criterion for the parts. The device
which we are testing is relatively tolerant to ESD and remains within the specification limits
when stressed with a pulse well below the damage threshold. Nevertheless, there is a measurable
changein the leakage current (i.e., the device has been degraded; however, it does not exceed the
specification until it is subsequently pulsed with a much higher energy pulse). Since we know
that some degradation has occurred, we can measure the degradation, but, because of the failure
criterion, the device is not considered susceptible to ESD damage at the lower level. For this
reason, the criterion used to detect device failure must also be selected in accordance with the
device operating characteristics and the manner in which the device is designed into a circuit;
that is, if a certain circuit configuration can tolerate a parameter shift or even an out-of-
specification condition of this component. Since it is impractical to require unique failure
criteria based on the manner in which the part is used in the circuit, MIL-STD-883 Method 3015
states that devices shall be tested for failure following stressing by performing room temperature
DC parametric and functional tests. Performing both parametric and functional tests should
identify any degradation or failure of the device.

It is also recognized that failure modes and mechanisms are highly dependent on the simulation
circuit used to stress the device. There are various circuits being used in industry to ssimulate
different ESD scenarios. The most standard of these is the Human Body Model, in which a
charge capacitance is discharged through a resistor to the device under test. This Human Body
Model is the most commonly used simulation model and is specified in MIL-STD-1686B and
MIL-STD-883 Method 3015. The resistance and capacitance values specified in these standards
are 100 pF and 1500 ohms, respectively. Other values are often used and some data in this
publication use these values. The values used are listed in the detailed data (Section 3 through
5). It should be noted that devices could exhibit different susceptibility characteristics depending
on the values used. Since there is a need to classify devices in a consistent manner, the RAC
derived a conversion method for data that was taken using a Human Body Model with resistance
and capacitance values other than 100 pF, 1500 ohms.
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Using empirical methods, the RAC has established the following algorithm for the conversion:

C
V, =V, (3.87) /—2
R>
where:

V; = standard human body model damage threshold
R> = nonstandard value of resistance used (in ohms)
C, = nonstandard value of capacitance used (in pF)
V, = measured damage threshold using C; and R,

The derivation of this equation may be found in Table 1-3.

This method is only used so that a classification in accordance with the susceptibility levels of
MIL-STD-1686B can be made. The data in Section 3 through 5 presents both the classification
of each part and the data as it was obtained (i.e., the failure voltages of the actua model used
during testing).

The purpose of this publication is not to provide background on the physics of ESD failures, as
this has been done extensively in the literature, but rather to present the data collection by RAC
and give the reader enough information so that the limitations of the data are fully understood. |f
further information is required, consult MIL-HDBK-263A, "Electrostatic Discharge Control
Handbook for the Protection of Electrica and Electronic Parts, Assemblies, and Equipment
(excluding Electrically Initiated Explosive Devices)" and the proceedings of the Annua
EOS/ESD Symposium.

15 Conversion of EMP Overstress Test Data to the ESD Human Body Model

A vast amount of electrical overstress data has been compiled from Electromagnetic Pulse
(EMP) studies. By knowing certain parameters of a device, atheoretical ESD failure voltage can
be estimated using the Wunsch-Bell model (Reference 28) as the starting point. The following
equation has been established to convert EMP overstress data to the ESD Human Body Model
equivalent:

-K
—2Vp +44Vp2 +1200K1(7.675x10‘7) ’
- 60

\Y,

1530+ Vp

The derivation of this equation may be found in Table 1-3.
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To estimate the precision of the calculated ESD levels presented in this publication, data was
compared for specific devices which had both empirical ESD threshold data and ESD threshold
levels calculated from EMP data. The log of the ratio of ESD to EMP failure voltages was
plotted such that a given percentage of discrepancy (i.e., if the EMP level was the same
percentage higher or lower than the ESD level) would be equidistant from the O line. Figure 1-1
is a histogram illustrating the relationship between the log (EMP/ESD) and frequency of
occurrence. If the datapoints were randomly distributed about the O line and the data did not
show a shift in distribution against any parameter, it could be concluded that the failure levels
obtained from EMP data were a fairly good indication of the actual susceptibility levels of the
devices (not taking into account random variations and noise in the data for any given device).
Analysis of this data however, indicated that the log (EMP/ESD) datapoints were not randomly
distributed but rather correlated to the susceptibility level. This indicates that the conversion
algorithm is not perfectly accurate.
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TABLE 1-3: DERIVATION OF DATA CONVERSION FORMULAE
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Based on this information, it should be emphasized that the ESD susceptibility levels obtained
from EMP data are necessarily only approximate values. It can be seen from Figure 1-1 that the
EMP to ESD levels can differ by as much as afactor of 10. There are various sources of error in
converting EMP datato ESD data. Two of these error sources are the uncertainty in the damage
constants and the uncertainty in the device parameters (bulk resistance and breakdown voltage).
These uncertainties can stem from norma lot to lot variations and differences among
manufacturers. Additionally, it is known that damage from EMP test pulses may manifest itself
as different failure mechanisms than damage from an ESD pulse. This is due to the fact that an
ESD pulse may be a shorter duration, higher current pulse relative to an EMP event. These
variations can easily cause a factor of 10 difference in the susceptibility levels. For this reason,
EMP data is used in the publication for classification purposes only in those cases where ESD
datais not available. The EMP datais identified as such in the remarks field (field no. 16) of the
detailed data section.

A
=
5
E 4
2
E 1
=
2
1
i 1
10 -9 B -7 -6 -5 -4 -3 -3 - g 1 2 3 4 5 &7 8 8 10
EMP

FIGURE 1-1. EMPVS. ESD DATA
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1.6 Variability Associated with Conventiona Test Methods

Since ESD testing began, it has been recognized that there was a certain degree of variability in
test results due to the test apparatusitself. These variations were attributed to:

« Arcing of the high voltage switching relay

« Errorsin calibration of the test voltages

. Leakage of the capacitor

. Parasitic inductances and capacitances

« Inconsistenciesin the criteria used to detect failure

« Incomplete characterization of worst case pin combinations

Conventional ESD simulators probably effectively smulate a real ESD event from a charged
person or object, since area ESD would have many of the parasitic R, L, and C values similar to
that of the simulator (Reference 8). The problem is, however, that the discharge waveform
produced is uncontrolled and cannot be used to obtain repeatable results. Many of these
problems have been aleviated with the release of Method 3015.6, however, since much of the
data contained herein is from methods previous to 3015.6, it is important to understand the
repeatability and variability of test results taken previous to 3015.6. To illustrate this, Figures 1-
2 and 1-3 present the data RAC has taken from two different conventional ESD simulators. A
sampling of 74LS08 devices were obtained of the same date code, attempting to minimize
variations in the device under test population. The most susceptible pin was found by step
stressing a small sample of devices on each pin until failure and detecting failures with a curve
tracer.

Once the most susceptible pin was found, a sampling of 30 devices were step stressed to failure
on this pin for each of the two simulators. Voltage step increments of 25 volts were used to
maximize the resolution of failure voltage distributions. The intent of the study was to:

1. Determine the failure voltage distribution of a typical device stressed with a
conventional test apparatus.
2. ldentify differencesin these distributions between two typical simulators.

Another study (Reference 26) with similar objectives yielded even a higher degree of variability.
In this study, a sampling of 74F04 and 74F175 devices were tested by three independent test
labs. Figures 1-4 and 1-5 summarize these resullts.

These results were taken when ESD testing technology was less mature and testers were being
built with little regard for the subtleties involved in making an accurate and repeatable test
circuit. Since the data contained in this publication was obtained from a variety of testers, it is
apparent that thisinherent variability is present in it.

In addition to the inherent variation in test apparatus and devices themselves, there can also exist
large variations between manufacturers. This is due to the fact that each manufacturer employs
his own unique methodologies and circuitry to protect devices, each with his own protection
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capability. If the manufacturer was known, it is reported in the detailed data section of this
publication.

1.7 Summary and Conclusions

This publication presents the most comprehensive compendium of electrostatic discharge
susceptibility test data currently available. This data is useful (and mandated by MIL-STD-
1686B) for the establishment of ESD control procedures based on the susceptibility of devices
being handled, assembled, stored, etc. It is important for the users of this information to
understand the limitations of the data contained herein. To accomplish this, previous discussions
have addressed the different types of data included in this publication as well as the variation
inherent init.

RAC aso strongly encourages anyone performing ESD susceptibility tests to submit the results
of those tests to RAC for inclusion in the database and dissemination in future editions of this
publication. If tests are performed in accordance with MIL-STD-1686B, the results are required
to be submitted to RAC as outlined in the Data Item Description DI-RELI-80670 (given in Table
1-2). Table 1-1 provides a format for submitting data if not done in accordance with a specific
test method.
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FIGURE 1-2. FAILURE DISTRIBUTION FOR TESTER #1
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FIGURE 1-4: STEP-STRESSRESULTSFOR 74F04
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STEP STRESS TEST RESULTS FOR 74F175

3500 —

F

A

I

L

U

R

E B TESTER#1
E CI TESTER#2
]"f B TESTER#3
A

G

E

FIN1 ~ PIN4  PIN5  PIN® PINI2  PINI3
FIN NUMBER

FIGURE 1-5. STEP-STRESSRESULTSFOR 74F175
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