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FOREWORD

1. This military handbook is approved for use by all Departments and
Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document shouid be
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Davis Highway, Arlington, Virginia 22242-5160, by using the self-addressed

Standardization Document Improvement Proposal (DD Form 1426) appearing at the
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end of this document or by letter.

3 This handbook provides guidance, not mandatory requirements, for the
establishment and implementation of an Electrostatic Dlscharge (ESD) Control
P

rogram in accordance with the requirements of MIL-STD-1686. s document is
appiicabie to the protection of eiectricail and electronic parts, assemo|1es
and anninmant fram Adamana Adiia +a EFCH T¢ Anne nnt nranuidan infnrmatinn far t+h
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protection of electrically initiated explosive devices

4. Various segments of industry are aware of the damage static electricity
can impose on metal oxide semiconductor (MOS) parts. The sensitivity of other
parts to electrostatic discharge damage has also become evident through use,
testing, and fallure analysis. Trends in technology uti]izing new materia]s,

processes and a techniques s 1ﬁC|ﬁuiﬁg increased packaging densities
vacitlt in m

enma cnernnf\h]a +n ECN
fCa2UI b 1 ovIliT Dua\.cpl. VIT VU LJIV.

5. Electrical and electronic parts which have been determined to be ESD
sensitive (ESDS) include: microelectronic discrete and integrated
semiconductor devices; thick and thin film resistors, chips and hybrid
devices; and piezoelectric crystals. Subassemblies, assemblies and equipment
containing these parts are also ESDS.

£ Madtamiale whisrkh awrma nmmimao aonamatane oF .-.'In.-}.. ctatir unltamae inecluda
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but are not limited to, common plastics such as polyethylene, vinyls, foam,

polyurethane, synthetic textiles, fiberglass, glass, rubber, and other

commonly used materials. Damaging electrostatic voltage levels are commonly
(]

generated by contact and subsequent separation of these materials by

industrial processes and personnel movement.
7. Intense pressure has existed, and continues to exist, for a "cook book"
stic approaches to a

approach to ESD control program implementation. Simpli

complex technical subject such as electrostatic discharge control program
design and implementation are neither desirable, cost effective nor feasible.
A single "cook book" ESD control program cannot be mandated or prepared which
is applicab]e for all situations. An "idealized" ESD control program may

represent overkill for most applications. In contrast, a less rigorous

i
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program may not offer sufficient or adequate protection in all situations.
Therefore, an ESD control program must be custom-tailored to meet the specific
requirements of the preparer for their specific product in its unique
manufacturing facility and expected environments. The ESD control program
plan (data item description (DID) DI-RELI-80669A) is developed to establish
efficient and cost effective ESD controls and procedures. The ESD control
program plan provides the opportunity to tailor the technical approach for
implementation of ESD controls in a meaningful and cost effective manner.

8. The protection of ESDS parts, subassemblies, assemblies and equipment
will be provided through the implementation of cost effective ESD controls.
The Tack of implementation of ESD controls and procedures throughout the
equipment life-time has resulted in increased repair costs, equipment
downtime, and reduced mission readiness.
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1. SCOPE

1.1 Scope.

l"l’iGﬁ'lLG'r“lﬁg an £SO CODU"OI
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rev151ons of MIL-HDBK-263 to the

handbook is not apnlicable to electrically initiated ex
specific guidance provided is supplemented by the techn
ce

the appendices.

requirements, MIL-HDBK-263 guidance, and MIL-HDBK-26

data.

srre

Table I provides a cross- referpn

|n1s handbook provides guidance for developing, implementing and
program in accordance with the requirements of MIL-
Information is provided in 6.1 that cross references the various

appropriate revision of MIL-STD-1686. This

initiated explosive devices. The
chnical data contained in
Tisting of MIL-STD-1586
3 supplementary technical

TABLE 1

£ I. Cross-reference table.

MIL-STD-16868B MIL-HDBK-2638 MIL-HDBK-2638B
Requirement Guidance Supplementary technical data

section section appendix
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1.3.1 1.2.1, 1.3 -
1.3.1.1 1.3 -- -
4.1 4.1 --
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5.1 5.1 --

5.1.1 5.1 -

5.2 5.2 B, D
5.2.1.1 5.2.1 B, D
5.2.1.2 5.2.2 D

5.3 .3 E
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1.2 Application of MIL-STD-1686. The application of MIL-STD-1686 require-
ments will result in continuous ESD controls throughout the life-time of ESD
susceptible parts, assemblies, and equipment. For this reason, MIL-STD-1686
requirements will be applied to Government and contractor activities including
subcontractors, suppliers, and vendors. The term "contractor" in MIL-STD-1686
will be replaced with "Government activity" as appropriate when the
requirements are applied to the Government.

1.2.1 MIL-STD-16 ication considerations. Effective application of
MIL-STD-1686 requirements mandates careful consideration of the technical and
cost impacts associated with each acquisition type. Proper application of
MIL-STD-1686 requirements must address three considerations: tailoring,
mission critical or essential equipment, and reacquisition requirements. Each
of these considerations is related. Tailoring of MIL-STD-1686 is directly
related to the work efforts to be performed. As an example, an acquisition
that is initiated for new design hardware items should incorporate all
elements required by MIL-STD-1686 (see table I of MIL-STD-1686). In contrast
to this, reacquisition of hardware items not previously subject to an ESD
control program should delete the MIL-STD-1686 requirement for design
protection. Redesign of hardware for reacquisitions is generally not cost
effective. This also applies in the case of Government acquisition of non-
developmental items (NDI) or commercial off-the-shelf (COTS) electronic
equipment. In these cases, redesign of NDI or COTS electronic equipment to
conform to MIL-STD-1686 design hardening requirements (if invoked) would
negate the cost benefits of NDI/COTS acquisition. Closely related to these
topics is the inclusion of class 3 parts, assemblies, and equipment in the ESD
control program. This aspect of ESD control is solely at the discretion of
the acquiring activity and should be invoked only for equipment designated by
the acquiring activity as mission critical or essential.

1.3 Tailoring of MIL-STD-1686. MIL-STD-1686, as discussed above, is applied

to both Government and contractors to ensure ESD controls are continuously
provided throughout the life-time of ESD susceptible parts, assemblies, and
equipment. When MIL-STD-1686 is contractually invoked the initial step that
should be performed by the contractor is a contract review to determine if any
part of the acquisition has been designated as mission critical or essential
equipment by the acquiring activity. If this has been done, MIL-STD-1686,
1.3.1.1 requires that the ESD control program encompasses not only Class 1 and
Class 2 parts, assemblies and equipment but be expanded to also include Class
3 items. This is a first step in the tailoring of MIL-STD-1686.

1.3.1 Contractual review. The second step performed by the contractor in
tailoring MIL-STD-1686 should be the completion of a review to determine the
exact ESD control program requirements invoked in the contract. MIL-STD-1686,
1.3.1 states "The contractor shall tailor the ESD control program for the
acquisition by selecting the applicable functions and elements of Table I."
This requirement does not preclude or limit Government tailoring or

3
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modification of MIL-STD-1686 for a specific acquisition. Contractor review of
the contractual document is critical to determining contractual requirements,
compliance with contractual requirements and tailoring of MIL-STD-1686 by the
contractor. Tailoring of MIL-STD-1686 must always be accomplished in
accordance with the contractual requirements.

1.3.2 Deliverable data requirements. The review of the contract or purchase

order will also provide a determination of Government Data Requirements (see
MIL-STD-1686, 6.2) for the acquisition. When the contract or purchase order
requires that an Electrostatic Discharge Control Program Plan be developed and
delivered, MIL-STD-1686, 1.3.1 requires that tailoring rationale and data be
included in the Plan. Contractor tailoring of MIL-STD-1686 is subject to
approval by the acquiring activity and is normally accomplished by forma)
Government acceptance or rejection of the plan.

1.3.3 Tailoring flow chart. To facilitate the understanding of the MIL-STD-
1686 tailoring process Figure 1 graphically depicts the process as discussed
above and in MIL-STD-1686, 1.3.1. The reference numbers in the Figure 1 flow
chart blocks are the MIL-STD-1686 requirements paragraphs and are included for
ready reference. Figure 1 cannot, and does not take precedence over contrac-
tual, delivery order or MIL-STD-1686 requirements.
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2. APPLICABLE DOCUMENTS
2.1 Government documents.

2.1 Specifications, standards, handbooks, and bulletins. The following

Spec1f1catvons, standards, handbooks, and bulletins form a part of this

document to the extent specified herein. Uniess otherwise specified, the
issues of these documents are those listed in the issue of the Department of
Defense Index of Specifications and Standards (DODISS) and suppiement thereto,
cited in the solicitation (see 6.2).
SPECIFICATIONS
MILITARY
MIL-E-17555 - E]ectronlc and Electrical Equipment,
Accessories, and Provisioned Items (Repair
Parts): Packaging of
MIL-S-19500 - Semiconductor Devices, General Specification
for.
MIL-T-31000 - Technical Data Packages, General
Specification for.
MIL-M-38510 - Microcircuits, General Specification for.
MIL-H-38534 - Hybrid Microcircuits, General Specification
for.
MIL-1-38535 - integrated Circuits (Microcircuits)
Manufacturing, General Specification for
MIL-T-47500 - Technical Data Packages
STANDARDS
MILITARY
DOD-STD-100 - Engineering Drawing Practices.
MIL-STD-454 - Standard General Requirements for Electronic
Equipment.
MIL-STD-750 - Test Metheds for Semiconductor Devices
MIL-STD-785 - Reliability Program for Systems and
tEquipment Development and Production.
MIL-STD-883 - Test Methods and Procedures for
Microelectronics.
MIL-STD-1%21 - Technical Reviews and Audits for Systems,
Equipments, and Computer Programs.
MIL-STD-1686 - Electrostatic Discharge Control Program for
Protection of Electrical and Electronic
Parts, Assemblies and Equipme"t (Excluding
Electrically Initiated Explosive Devices).
(Metric)
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MIL-STD-2073-1 - DOD Materiel Procedures for Development and
Application of Packaging Requirements.

MIL-STD-2073-2 - Packaging Requirement Codes.
BULLETINS
MILITARY
MIL-BUL-103 - List of Standardized Military Drawings
(SMDs)

(Unless otherwise indicated, copies of federal and military
specifications, standards, handbooks, and bulietins are available from the
Standardization Documents Order Desk, Bidg. 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.)

2.2 Non-Government publications., The following document(s) form a part of
this document to the extent snec1f1ed herein. Unless otherwise sgggif1ed the

issues of the documents which are DOD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherwise specified, the issues

of documents not listed in the DODISS are the issues of the documents cited in
the solicitation (see 6.2).

ELECTRONIC INDUSTRIES ASSOCIATION STANDARD
RS-471 - Symbol and Label for Electrostatic Sensitive
Dev1ces

(App11cat1on for coples should be addressed to the E]ectron1c Industries

Ao~

20006. )

RELIABILITY ANALYSIS CENTER

VIAP-91- Electrostatic Discharge Susceptibility Data 1991

(Application for copies should be addressed to the Reliability Analysis
Center, P.0. Box 4700, Rome, NY 13440-8200.)

(Non-Government standards and other pub|1cat1ons are normally available
from the organizations that prepare or distribute the documents. These
documents also may be available in or through libraries or other informational
cervicec )
services.)

2.3 Order of precedence. In the event of a conflict between the text of this
document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.
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3. DEFINITIONS

3.1 Definitions. The following definitions apply to MIL-STD-1686 require-
ments and MIL-HDBK-263 guidance.

3.3 Antistatic property. This term refers to the reduction of triboelectric
charge generation. Antistatic materials minimize the generation of static

charges. This property is not dependent upon material resistivity.

3.4 Assembly. A number of parts or subassembiies or any combination thereof
joined together to perform a specific function and capable of disassembly.

anican
ause
1

1

3.6 Bulk breakdown. An energy dependent failure mechanism where changes in
parameters result from metallization alloying or impurity diffusion due to
localized high temperatures.

.7 Catastrophic failyre. A failure resulting in the permanent loss of a

3.8 Charge. The product of capacitance times voltage. Q (charge) = C
(capacitance) x V (voltage).

3.9 Charged device model. A model characterizing a particular ESD failure .
mechanism in which an item isolated from ground is charged and is subsequently
discharged causing a short duration discharge pulse.

3.1
Cla
t

0
v
[

sification of ESD
e

o ESD voltages as d
classified as:

lass 1: Susceptible to damage from ESD voltages greater than 0 to
1,999 voits.
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Class 3: Susceptible t
volts.
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NOTE: For the purpose of MIL-STD-1686, parts, assemblies and
equinment susceptible to ESD voltages of 16,000 volts or higher are considered
non-ESD sensitive.

3.11 Classification testing. The testing procedures used to determine the

ESD susceptibility class of parts. This procedure is described in MIL-STD-
1686, appendix A.

terials with a surface resistivity
SS

than 10° ohms per square.

Volume conductive type: Materials with a volume resistivity

less than 10° ohm-centimeter.

Surface conductive type: Materials with a surface resistivity

equal tp or greater than 10° but less
than 10°° ohms per square.

YR ] _ _ B A e oA as

Voium n v : Materials with a volume fésjstiv1 y
Amiial A Am muaadbnanm than 1N hitt Vace
eyual LY U7 gredaicr unaii 1v DUl 1835
+than 1N 1 nhm_rm
WIIGA AV VM Wwille

3.18 Earth around. That portion of an electrical circuit that is at zero
potential with respect to earth. (See ground.)

3.19 fElectric field. The region surrounding an electrically charged object
in which another electrical charge will experience force. Commonly referred

10 as an eiectrostatic fieid.

()
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3.20 Electrical and electronic part. A part such as a microcircuit, discrete

semiconductor, resistor, capacitor, or piezoelectric crystal.

3.21 Electrostatic charge. Electrical charge at rest. The negative or
positive charge present on the material or item surface. (See charge.)

3.22 Electrostatic discharge {ESD). A transfer of electrostatic charge
between objects at different potentials caused by direct contact or induced by
an electrostatic field.

3.23 Electrostatic discharge sensitive (ESDS). The relative tendency of a

device’s performance to be affected or damaged by an ESD event.

age gradient between electrostatically
ield.)

3.258 F1
attenuat

trostatic shield. A barrier or enclosure that prevents or

LSBT S LGS

or
es the penetration of an electric field.

3.26 Electrostatics. That class of phenomena which is recognized by the
presence of electrical charges, either stationary or moving, and the
interactions of these charges, this interaction being soiely by reason of the
charges themselves and their position and not by reason of their motion.

(Ref: Electrostatics and Its Applications, A.D. Moore, Editor.)

3.27 Equipment. An assembly or any combination of parts, subassemblies and
assemblies mounted together, normally capable of independent operation in a
variety of situations.

3.28 ESD pro;egted area. An area which is constructed and equipped with the
necessary ESD protective materials, equipment, and procedures to limit
voltages below the sensitivity level of ESDS items handled therein

AL
in
ren
Lov

3.29 ESD protective handling. Handling material and equipment in a manner to
prevent damage from ESD.
3.30 ESD protective material. Material with one or more ofA e following

properties: limits the generation of e]ectrostatlc charge,
electrostatlc cnarge or prov1aes shieiding from electric f
as

mrmmd o md das mmadnmiale aman

purpose of this handbook, ESD protective materials are cl
conductive or dissipative.

th
dissipates
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protective packaging. Packaging with ESD protective materials to
SD damaoe to ESDS 1tems.
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3.32 ESD sensitivity (ESDS) classification. Classification of the
sensitivity of electronic parts, assemblies, and equipment based on their

susceptibility to damage from electrostatic discharge.

to an e
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34 Ground. A mass such as the earth, or a ship or vehicle hull, capable of
pplying or accepting electrical charge.

3.35 Handled or handling. Actions during which items are hand manipulated or
hine processed.

3.37 Human body model. A standardized test model, characterized by the use
of a 1,500 ohm resistor and a 100 picofarad capacitor.

3.38 Induction. The process by which an electrical charge establishes a
charge in a nearby object without physical contact.

.39 Input protection. A protective network at the input pins of an item to
ev 1 ca

3.40 Insulative material. For the purpose of ESD protection, materials not
defined as conductive or dissipative are considered to be insulative.

3.41 LRU. Line or Towest replaceable unit (electrical/electronic assembly or
subassembly).

3.42 Part. One piece, or two or more pieces joined together which are not
normally subject to disassembly without destruction of designed use. Parts,
components, and devices are synonymous.

3.43 Protected area. See ESD protected area.

3.44 Protective handling. The special handling that is given to ESDS items
in order to prevent ESD damage.

Sisn madawmlala &
ective materials to

3.45 Protective packaging. Packaging with ESD prot a
prevent electrostatic damage to ESDS items.

3.46 Protective storage. Storage of ESDS items while enclosed in ESD
protective covering or packaging.

-
(78]
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3.47 Resistivity. A measure of the resistance of a material to electric
current either through its volume or on its surface. Surface resistivity is
the ratio of direct current (dc) voltage to the current that passes across the
surface of a material. The unit measurement for surface resistivity (ps) is
ohms per square. Volume resistivity is the ratio of dc vo]tage per unwt of

hembomacns amnlla s mbiemdmn 2 mmmd oo 2 P
thickness applied across two electrodes in contact with a specimen to the
amount of current per unit area passing through the material. The unit of
measurement for volume resistivity (pv) is chm-centimeter.

3.48 Soft groun A connection to ground through a resistance sufficient to
limit current flow to safe levels for personnel.

3.49 SRU. System or shop replaceable unit (electrical/electronic
subassemblies-usually a part of an LRU).
3.50 Static shielding materials. Material that attenuates an ESD

3.5] Subassembly. Two or more parts which form a portion of an assembly or a
unit replaceable as a whole, but having a part or parts which are individually

replaceable.

3.52 Tailoring. As used herein, tailoring is the process by which individual
requirements for a comprehensive ESD control program are evaluated to
determine the extent to which they are applicable for a specific acquisition

3.53 Technical data. As used herein, technical data means recorded
information (regardless of the form or the method of the recording) of a
scientific or technical nature used in a specific acquisition.

.54 Technicai da;a pagkagg (TDP). A TDP consists of a technical description
em adequate for supporting an acquisition strategy, design, produc-
and logistic support. The TDP includes all applicable

associated lists, specifications, stand

b} 4
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3.55 Triboelectric effect. The generation of electrostatic charge on an
object by rubbing or other type of contact.
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is to provide continuous ESD protection. Life-tim a 0
protectlon entails lmplementatlon of ESD control p gram req uirements (see ESD
control program requirements table of MIL-STD-1686) dur1ng design, production,
inspection, test, storage, shipment, installation, maintenance and repair

functions. MIL- STD 1686 requirements, as tal1ored by the contractor (see MIL-
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STD-1686, 1.3.1) and approved by the acquiring activity will define the ESD
control program requirements for specific programs or products. Table I
provides a cross-reference listing between the requirements sections of MIL-
STD-1686, the guidance sections of MIL-HDBK-263, and the supplementary
technical data appendices of MIL-HDBK-263.

E
9>

5.1 ESD control proaram plan. The ESD control program plan provides the

e wwItw

data required in accordance with MIL-STD-1686 and Data Item Description (DID)
DI-RELI-80669A when required by the contract or purchase order (see MIL-STD-
1686, 6.2). The approved ESD control program plan is the basis for com-
prehens1ve ESD controls_and program implementation. The plan describes the

scope of the ESD controi program; descrlbes the tasks, act1v1t1es and

responsible for the tasks and activities; and lists directive or guidance
documents used in the ESD control program. The plan also describes ESD
control requirements imposed on subc gntragtnrs and suppliers by prime
contractors. The final element of the plan is a listing of the specific ESD

protectlve tools, materials, and equipment used in the ESD control program.
The major element in a properly structured technically effective ESD control
program plan is the assessment of the ESD suscept1b111ty of the parts and
their required prOteCtlon levels. The selection of specific ESD control
procedures or materials is at the option of the plan preparer. MIL-STD-1686

does not mandate or preclude the use of any appropriate procedures or

materials.

5.2 lassificati r i ipment. ESDS parts,
assemblies, and equipment are classified as class 1, 2, or 3 in accordance
with MIL-STD-1686. MIL-STD-1686 requires that the ESD control program
normally encompass only class I and 2 parts, assembiies and equipment For

mission critical or essential equipment, as designated by the contracting
activity, class 3 parts, assemblies and equipment shall be included in the ESD
control program in accordance with MIL-STD-1686. C(Classes 1, 2, and 3 of MIL-
STD-1686 may be optionally subdivided to more se]egt1ve1v classify ESDS parts,
assemblies and equipment Subclassification voltage ranges are discretzonarv
but they must correlate to the sensitivity classification voltages in

accordance with MIL-STD-1686.

oo~

The
-STD-1686 is predicated upon the requirement to

ac
eliminate duplicative non-cost effective testing where feasible. MIL-STD-883
Method 3015, commonly referred to as the Human Body Model (HBM), is the mili-

t;;;'ESB't;st method for microelectronics lm1crOC1rcu1ts) and 1s referenced in
MIL-M-38510, MIL-H-38534, MIL-1-38535, MIL-BUL-103, and MIL-STD-1686. MIL-
STD-750 Hethod 1020 is the military HBM ESD test method for semiconductor

(discrete) devices. These documents provide a coordinated requirement for ESD

15



testing. ESD sensitivity data contained in the MIL-M-38510 Qualified Products
List (QPL), the MIL-H-38534/MIL-1-38535 Qualified Manufacturer Listing (QML),
or the Reliability Analysis Center ESD sensitive item 1ist (ESDSIL) will
provide the definitive microcircuit classification data required for ESD

CGﬂtTGI program 1mp|emematwn Iﬂ IDOSB cases wnere CliSS]T]Cit‘lOn tesung
is not cost effective, parts may be classified in accordance with MIL-STD-

1686, appendix B. Where definitive test data is required for parts not

included in the gppronriate QPL/QML, Military Bulletin, or VZAP-91, MIL-STD-
1686 appendix A is used. It should be noted that when the Reliabiiitv
Analysis Center’s VZAP-9]1 data base is used for classification, the test
circuit should be in conformance with the MIL-STD-1686 appendix A test circuit
or a comparable test method approved by the contracting activity. MIL-STD-
1686 provides another cost effective ciassification method when ESD sen51-.L

tivity levels are Spec1rlea in applicaole m1litary part spec1rlcatlo wnen
parts ESD sensitivity testing is performed in accordance with MIL-STD- 1686,

o
classification test data should be as specified.

5.2.2 Assembly and equipment classification. Assembly and equipment ESD

sensitivity classification are in accordance with the most sensitive class of
part used in the assembly or equipment. When assemblies or equipment
incorporate protective circuitry to meet the design protection requirements of

J' VAP

MIL-STD-1686, the assembly or equipment is classified at the design hardened
voltage protection level (see 5.3 below for additional guidance). Classifi-
cation of assemblies or equipment incorporating protective methods to meet the
MIL-STD-1686 2,000 or 4,000 volt design hardening requirement must be based

.....

upon'approved and Jjustified ana]yticai techniques or actual test.

5.3 Design protection. MIL-STD-1686 design protection requirements for
assemblies (2,000 vo]ts) and equipment (4,000 vo]ts) specifical]y relate to
the protection (de51gn nardening) at the points of external connection to the

assembly or equipment (inputs, outputs and interface connection points)
Since it is not possible to provide universal definitions of the terms
"assembly" or "equipment," guidance should be obtained from the acquiring
activity to define these terms for a specific acquisition.

5.3.1 i rts mblies. When class 1 parts must be used,
MIL-STD-1686 requires design protection to reduce the ESD sensitivity of the
assembly external connection points to greater than 2,000 volts. Assemblies
utilizing protective circuitry to meet the 2,000 voit assembly requirement of
MIL-STD-1686 may still contain parts sensitive to damage at voltage levels
less than 2,000 volts. In these cases, the assembly would be classified as
2,000 volts (class 2). Part level classification, of the parts used in the
assembly, will be indicative of the part’s actual classification

5.3.2 Protection of equipment. Equipment meeting the design hardening A
requirement (4,000 volts) of MIL-STD-1686 at the points of external connection
to the equipment (inputs, outputs and interface connection points) may still

12
10



contain assemblies and parts sensitive to damage at voltages less than 4,000
volts. In these cases, the equipment would be classified as 4,000 volts
(ciass 3) Part Tevel ciassification, of the parts used in the equipment,

_ £~ oA

will be indicative of the part’s actuai ciassification.
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sensitive ESDS parts, assemblies and equ1pment handled therein.
Considerations in the design of ESD protected areas are the requirements for
adequate grounding procedures, personnel electrical safety, and the

development of handl1ng procedures (see 5 5) ESD protected areas are

o oa

CON mmaboacndliiun ~mummadom mem mamblooe?o- Lo CONC ke cccmembl o -
LoU pruiLeLiLlive LuveErninyg ur packdyinyg WHNern couvy pdrvd, ds>d>tiibiied dil
anitinmant miiet ha handlad Antecsda nf nmatartad avaane withniid nrnatarcrtsun
ceQuipnient musSt o€ nadanGie0 CulsSiaGe Ov protelied areds wiitnoul préweiive
cnvarinag ny narkaaina detailed FSD nratartivo handlina nracadurac aro
W ¥ wl III: - F“‘““:'llu’ s Wel 1§ W o I & 'll Vi W i VW ITNANINA ) .ll” P' WUl W B W
required.

5.4.1 Related design factors. Related to the design of protected areas are
factors such as minimizing static charges generated by personnel clothing,
hair, and movement; the need to designate and clearly identify protected
areas, and the essential requirement to address personnei safety

8§ & Handlina nrarcaduroc Comnlamantina FSD nratactad araea raguiramants are
e w BIMATING ¥ l'l: !l v::““l :! v"lyl"'.""b "., [ =Y ) ¥4 yl Vvewvesd @i v 1] b“u 1) il v i -
the rgggirgments for detailed handling procedure for ESDS parts, assemb l‘gs

and equipment in accordance with MIL-STD-1686. Technically adequate handli
procedures are directly related to the level of protection provided by the
protected area. Handling procedures must be comprehensive and address the
entire range of potential situations and physical locations where ESDS items

will be handied. Pract1cally, the handling procedures must address the
concept of handiing in both TUIIy prOtecreu areas and unprotected areas. The
Antadl manmitsmnd 2m dha handllan mmcacandiicana demmamonnna aa dha Taiial af amwadaa
uciLali reguilreud 1n wvne lldllUllly P’ULUUUIE) lllL!!:dbt:) d> Lrne ijevel uUr pruiec-
tinn nravidad hu +ha navatartad awmaas Aasrwvaascne Narimantad handlina nwaradiiva
VIV pPI VY TUCV UJ wire 'Il VIGLIEEU @I U JUCTLul CaoTco. WUVLUINTIIVLCU J1anu i lllg 'I' VWCUUr ©
may be required by the contract or purchase order (see MIL-STD-1686, 6.2) and
are prepared in accordance with DID DI-RELI-80671A when required.

5.6 Protective covering. The MIL-STD-1686 protective covering requirement is
closely linked to, and complements the requirements for protected areas and

handiing procedures. ESDS sensitive parts, assemblies and equipment require
cont1nuous tSD controis and prOteCt1on This ConSIStS of tne th contrors and
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and equipment in accordance with MIL-STD-1686 section 5.2. Selected
protective covering materials may be the same materials required for packaging
or preparat1on for delivery, supplementary reusable materials, or one time use
materials.

5.7 Training. Recurrent ESD training for personnel is an integral and
critical part of an ESD control program. Recurrent ESD training includes
initial and follow-on training required to reinforce program requirements and

modification based upon Tessons-learned. New evo]ut1onary concepts and
correction of deficiencies identified during reviews and audits should also be
part of the training process. The training requirements are developed in
conjunction with the handling procedures for ESDS parts, assemblies and
equipment required by MIL-STD-1686.

5.8 Marking of hardware. The MIL-STD-1686 regquirement for marking of
hardware pertains to those ESDS parts, assemblies and equipment which have not
been marked in accordance with an applicable (otherwise specified) military
specification or standard. If there is an applicable speC1f1catlon or

standard, the item of hardware (part, assembly or equipment) should be marked
in accordance with the requirements of that specification or standard.
However, if no appTicabTe specification or standard appiies, and no other

marK1ng requirements have been SDEC1TIQO, marxlng shall be in accordance with

MIL-STD-1686, 5.8, marking of hardware. MIL-STD-1686 specifies that ESDS

parts shall hn marl{nd with the EIA RS-47] symbol.

5.8.1 ESDS assemblies. MIL-STD-1686, 5.8.2 requires that assemblies be
marked with the EIA RS-471 symbol. The location of the symbol must be in a
position readily visible to personnel when the assembly is incorporated in its
next higher assembly. The exact location is left to the discretion of the
contractor. Additional options have been provided for those instances where
the phy51cal size or oruentat1on of the assembly precludes compliance with

irement, including the option of developing alternative

5.8.2 Equipment. MIL-STD-1686 states the requirement for marking of
equipment containing ESDS parts and assemblies. This section also requires
the use of the EIA RS-471 symbol. In addition, the caution statement shown in
MIL-STD-1686 shali be piaced adjacent to the symbol The exact focation of

the SymDOI and caution statement is left to the discretion of the contractor

but the location must meet the basic equipment marking requirement as
ennc-n;‘\ ad in MII _CTN. 1‘“6

OPC 1HiIcva "1 1A Jiv avw

5.8.3 External equipment terminals. MIL-STD-1686 contains the requirement
for the marking of f external equipment terminals connected internally to ESDS
parts and assemblies within the equipment. The EIA RS-471 symbol must be

used, and it must be located adjacent to the external terminals.

18
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5.9 Documentation. Deliverable documentation, as discussed in MIL-STD-1686
refers to deliverable documentation required by the contract, delivery order,
or purchase order invoking MIL-STD-1686. This deliverable documentation is
specified in the contract data requirements 1ist (CDRL), DD Form 1423. In the
case of drawings prepared in accordance with DOD-STD- 100 or Technrca] Data
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support analySIS data, and draw1ngs MIL-STD-1686 requires that deliverab]e
documentation identify class 1, 2, and, when specified mission critical or
essential class 3 parts, assemb11es, equipment, and the connectors, test
points, and terminals connected to ESDS parts and assemblies co]lective]y as
ESDS This means that the exact classification (that is, class 1, 2, or 3) is
not iired; however, exact classification data may be usea by tne contractor
i f de ed. A collective identification of parts, assemblies, equipment,
connectors, test points, and terminals as ESDS is required. MIL-STD-1686 also
requires that the deliverable documentation include or refer to documented ESD
protective procedures. MIL-STD-1686 allows the contractor the option of
identifying ESDS parts, assemblies, or equipment collectively as ESDS, or the
use of exact classifications (class 1, 2 and, when required, class 3) in
nondellverab1e documentation used for ESD contro] program 1mp1ementatlon

ally, nondeliverable documentation may optionally include or refer to
ted ESD protective p res
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5.10 Packaging. Normally contracts and delivery or purchase orders specify
exact packaging requirements using MIL-STD-2073 packaging requirement codes
(PRCs). When packaging requirements are not otherwise spec1f1ed ESD
protect1ve packaglng shall be as specified in MIL-E-17555 in accordance with
MIL-STD-1686. MIL-STD-1686 contains the additional requirement that ESD

protective caps shall be used on equipment external connectors connected to
ESDS parts and assemblies within the equipment. The MIL-STD-1686 requirement
for protective caps complements and is in consonance with MIL-STD-454,
requirement 10 for the protection of unmated connectors with metal or plastic
caps during maintenance, storage and shipment.

5.11 Quality assurance requirements. The quality assurance requirements of

MIL-STD-1686 indicate the importance of incorporating ESD control program

requirements in Total Qual1ty Management and qua1ity assurance efforts,
including those performed at subcaﬁtracters, suppliers, and vendors. Quality
assurance evaluates conformance with MIL-STD-1686 requirements and the
approved ESD control program plan

5.12 Formal reviews and audits. Scheduled design, program reviews, and

audits, such as those required by MIL-STD-1521, shall be used to assess
compliance with MIL-STD-1686 and the approved ESD control program plan. These
reviews will assess the information required in MIL-STD-1686 to determine the

1n
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acceptability of design decisions, ESD controls, procedures and program
progress.

5.13 Failure analysis. In accordance with MIL-STD-1686, the intent of
failure analysis is to consider all causes of failures. A comprehensive
"I".‘IIMA ﬁhﬁ]\lﬁ:l‘ ﬁﬁﬁﬁﬁ - l.l! 4-‘"‘!0‘0\ L-cn cﬁ‘]llhh mnnkan‘bmr - e ™ aw ‘ ﬁ‘ +'\h
faljurc alaiy>id> pluglam wWill INIVIUUT LoV 1Taliurc meuiaiiong as pariv vi viic
analysis process. When failures have been attributed to ESD, this data should
be used as a basis for assessing the effectiveness of the ESD control program
and the determination of corrective action requirements.

6. NOTES

(This section contains information of a general or explanatory nature
that may be helpful, but is not mandatory.)

6.1 Intended use. This document provides guidance information to assist the
user in designing and implementing an ESD control program in accordance with

MIL-STD-16868B requ1rements The supp]ementary technical data provided in
appendices A through L is provided as information only for reference. Due to
the nature of the changes in MIL-STD-1686B this handbook is intended for use
oniy with MIL-STD-1686B. For those contracts incorporating DOD-STD-1686 of 2
nay ISBU, the compan1on document is DOD-HDBK-263 of 2 nay i1980. For those

contracts incorporating MIL-STD-1686A of 8 August 1988, the companion document
is MIl -HDRK-283A nF 97 Februarv 10Q]

1< LRI S VIWWIN (S A L) - 1 Wi uu y d oA

6.2 Issue of DODISS. When this handbook is used in acquisition, the
applicable issue of the DODISS must be cited in the solicitation (see 2.1.1,
and 2.2).

6.3 Subject term {key word) iisting.

Electrostatic protection

Electrostatic discharge sensitive (ESDS)
ESD control program

Metal oxide semiconductors
Semiconductor devices

Static electricity

Triboelectric effect

6.4 Chgnggs from previous issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
extensiveness of the changes.
Custodians: Preparing activity:
Army - ER Navy - SH
Navy - SH (Project RELI-0067)

Air Force - 17
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Review Activities:
Army - AT, CR, MI, AR, GL, SM
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User Activities:
Navy - MC
Air Force - 69
NASA/NPPO
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The supplementary technical information contained in these appendices is
intended to provide a convenient source of technical information for related

subjects. Th1s technical information is not, and cannot be, totally compre-
hensive or complete for all subjects.

The information contained in the appendices purposely does not permit a

s1mp|1st1c approacn to ESD contrOI program 1mp|ementat1on Heaningfui £SD

(a) Knowledge of the susceptibility levels of parts, assemblies, and
eauipment

(b) Knowledge of the cost and technical tradeoffs of specific control
techniques, materials, and processes

(c) Knowledge of ESD control program requirements

<9 J'I\- L
, or process at the option of the ESD contr 1 am contractor
The corollary to this is that the contractor is required to demonstrate a
knowledge of the products (and their ESD susceptibility levels) requiring
protection and design technically meaningful and cost effective controls.

DO WO
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APPENDIX A
STATIC ELECTRICITY

10. SCOPE

10.1 Scope. This appendix provides an overview of the nature and sources of
static electricity. This appendix is not a mandatory part of the handbook.
The information contained herein is intended for guidance only.

20.  APPLICABLE DOCUMENTS

This section is not applicable to this appendix.

2n INT
V. 11V}

30.1 General. Electrostatics (static electricity) and the associated
phenomena are extremely complex physical events. A pr'mr'lp]p textbook on
electrostatics is "Electrostatics and Its ADD]1cat1ons edited by A.D. Moore.
The introduction to this textbook defines electrostatics as "... that class of
phenomena which is recognized by the presence of electrical charges, either
stationary or moving, and the interaction of these charges this interaction

being solely by reason of the charges themseives and their position and not by
reason of their motion." Electrical charge is the fundamental physical
problem causing damage to ESD sensitive parts, assemblies, and equipment.

30.2 Nature of static electricity. Static electricity is electrical charge

at rest. There are two events for a body that can result in electrical
charge:

(a)

—
o
N

wiwwws

The movement or transfer of electrons is due to the interaction of charged
bodies, or charged and uncharged bodies. The magnitude of the charge is
primarily dependent on the size, shape, composition and electrical properties

~
3

of the substances which make up the bodies. Some substances reaa1|y give up
electrons while others tend to accumulate electrons. A body with an excess of
electrons is charged negatively; a body with an electron deficit is charged
positively. When two substances of any type are contacted or rubbed together,

one substance gains electrons and the other loses electrons. This results in
each substance becoming charged. When the two materials are subsequently
separated, the net positive or negative charge on each substance can be
measured. These charges are equal, of opposite polarity, and in the case of

an
cd




non-conductors tend to remain in the localized area of contact. Charges on a
conductor are rapidly distributed over its surface and the surfaces of other
conductive objects which it contacts.

an 2 1 Clandimenndadbda £2a1daA A alondwmnadbadbla £201d mwe 12wmmnn ol Lowman nsan
JU.C. 1 Lirevirustdatic 1 I1CI1US., AT gleLLrasttaltitc 111U Ul 111MeD> Ul 1urie are
present around a charged bod Conductive, dissipative and insulative bodies
that enter this field will be polarized by induction (that is, without
contacting the charged body). In a conductive or dissipative body, electrons

closest to the more neqat1ve part of the field are reoelled 1eav1ng that area
relatively positively charged. These electrons are attracted to the more
positive part of the field creating negatively and positively charged areas.
The net charge on the body will remain zero. If a conductive polarized body
is subsequentiy grounded, eiectrons wiii fiow to or from the poiarized surface
near the ground and upon removal of the grcunu the body retains a net unarge
due to the excess or deficit of electrons. In a non-conductive body electrons
are less mobile, but dipoles tend to align with the field creating apparent

surface charges A non-conductor cannot be inductively charged.

30.2.2 (Capacitance-voltage relationship. The capacitance of a charged body
relative to another body or ground also has an effect on the electrostatic

voitage. When capac1tance is reduced for a given charge (), there is an
inverse linear increase in voltage based on the relationship § = CV, where C
+h ranarstancrn and \l te *ha unléann Ae *han ranarcritancra 1¢ rantinualle
1o LIIT \—GPG\-IDGII\'C alirg 19 [ )1 'UI\.GSC. fald VIIT \-GPG\.I\-GII\.C 19 \-Ullbllluﬂll]
decreased the voltage wi]l increase until a discharge occurs via an arc. Ffor

example, when common polyethylene bags are rubbed, the charge potential may be
only a few hundred volts while in contact with a work surface. However, when
the same bag is picked up by an operator, the charge potential may be several
thousand volts due to the decrease in capacitance. It should also be noted
that the energy (E) stored in a capacitor is expressed by the relationship E =

* lnﬁll

1/2Cv°.

30.3 TIriboelectric series. The generation of tic electricity caused by
ectri

ta ala
contacting or rubbing two substances is called the triboe ic effect A
triboelectric series is a 1ist of substances in an order of positive to
negative charging as a result of the triboelectric effect. A substance higher
on the 1ist is positively charged (loses electrons) when contacted with a
substance lower on the 1ist (which gains electrons). The order of ranking in

a tr1boe1ectr1c ser1es 1s not a]ways a constant or repe etiti Furthermore,
riboeie sd
a 1
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the propert properties a odified by factors
such as purity, ambient conditions, pressure of contact, speed of rubbing or
separation, and the contact area over which the rubbing occurs. A sample
triboelectric series is provided in table II. In addition to the rubbing of
two different substances, substantial electrostatic charges can aiso be
generated triboelectrically when two pieces of the same material, especially
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common plastic in intimate contact, are separated as occurs when separating
the sides of a plastic bag.

T
111, inese '.ll |luc
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ly synthetic materials.
Electrostatic voltage levels generated with these insulators can be extremely

high since they are not readily distributed over the entire surface of the
substance or conducted to another contacting substance. The conductivity of
some insulative materials is increased by absorption of moisture under high
humidity conditions onto the otherwise insulating surface, creating a slightly
conductive sweat Tayer which tends to d1ss1pate static charges over the

YLA _r v

materiail surface. ine generatwn oT 19, 000 VOIIS Tl"0m common plasucs in a
tunsrnl Farilidy 3o mad ciemirmas Tabhla TU 2l Alamtuvacdadla
Lypical iacviiivy 15 nve uuubual. tavie 1y )IIUWD LyPlLdl €ieCiuirostacic
voltages generated in a facility. These electrostatic voltage levels are
indicative of the relative charge (Q) on the object in accordance with the

relationship Q = CV (see 30.2.2).
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TABLE II. Sample triboelectric series. 1/

Positive Human hands
+ Rabbit fur

Glass

Mica

Human hair

Nylon

Wool

Fur

Lead

Siik

Aluminum

Paper

f‘n+

V\-\-vll

Steel

Wood

Amber
Sealing wax
Hard rubber

Nickei, copper
8rass, s ilver
Gold, platinum
Sulfur
Acetate rayon
Polyester
Celluloid
Orlon®
Poiyurethane
rwyew.‘y‘léi‘le
Polypropylene
PVC (vinyl)
KEL F®
Negative Silicon

- Teflon®

SET‘IES 'IS uepenuem upon mdmny Vdrllee TdLLUrb. Al_l_y
electric series may not be repeatable. It should also be
2

roa maanitude i¢ not a function of senaration on this list
rge magniiucde 15 notl a tunct separation on this 1ist.
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TABLE III.

Typical prime charqe sources.

Object or process

Material or activity

Work surfaces

painted or varnished surfaces
£

x
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viny
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Curicreve
finished wood
vinyl tile or sheeting

LA

3
b=

DI E WLV
DO o
83 x
o

QIO am|O

n clean room smocks

mm
Common synthetic personnel garments
Non-conductive shoes

Virgin cotton 1/

-

s
[l

Chairs

Finished wood
Vinyl
Fiberglass

Packaging and handling

Common plastic - bags, wraps, enve-

Assembly, cleaning, test and repair

areas

Spray cleaners

Common plastic solder suckers

Solder irons with ungrounded tips

Brushes (synthetic bristles)

Cieaning or drying by fiuid or

evaporat
+

Tamnovra
Ll C"l’lcl av

Cryogenic sprays
Heat guns and blowers
Sand blasting
Electrostatic copiers
Cathode ray tubes

h

2
L}
1 chamhare
At wilQGINvGl &

VL. Y _ace Lo __ e
I

ow relative humidities such as
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TABLE IV. Typical electrostatic voltages. 1/
Electrostatic voltages
Means of static generation
10 to 20 percent 65 to S0 percent
wnlatiun himiAdddn “a A bhiamiddé
frcialvive njumivivy Te T numiviI v
Walking across carpet 35,000 1,500
Walking over vinyl floor 12,000 250
Worker at bench 6,000 100
Vinyl envelopes for work 7,000 600
instructions
Common poly bag picked up from 20,000 1,200
bench
llaral, Abhalic ;maddad ad b T isisima Py . 10 NNAN 1 EAN
WUTR UlidlT’ pdUutu willl puilyureinane 10, UUV 1,9uUvV
fnam

1/ Caution should be exercised when attempting to correlate the above, or

actual measured voltages with the potential to damage ESDS items.

through 30.2.2.

nN)
o

See 30.1
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APPENDIX B
SUSCEPTIBILITY TO ESD

10. SCOPE
10. Sco The suscentibilitv of assemhliec and eaguinment to ESD ic¢
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d1rect]v re]ated to the 5u5geptibi]itv of the parts used in the assembly and
equ1pment This appendix provides technical data related to the

susceptibility of parts, assemb11es, and equipment; types of ESD failures;
ESDS part types; ESD related failure mechanisms; and part constituents
susceptible to ESD. This appendix is not a mandatory part of the handbook.
The information contained herein is intended for guidance only.

»n
>
o
©

30. SUSCEPTIBILITY OF PARTS, ASSEMBLIES AND EQUIPMENT

30.1 Susceptibility of parts. Numerous parts are susceptible to damage when
an ESD event occurs or when these parts are exposed to eiectrostatic fields.
ESDS parts can be destroyed by an ESD event regardless of their electrical and
ground connections. A g'"ard connection is not F%Q"7red to dcatru; an ESDS
part. Parts hav1na pins connected to ground and their \m'lfagn and signal

PIIY Wwirtlww www ww A LR

sources can be damaged by ESD even when installed in their parent assemblies
and equipment. ESDS parts are listed by part type in appendix B of MIL-STD-
1686. This part sensitivity data is based upon the results of MIL-STD-1686
appendix A testing, which is referred to as Human Body Model (HBM) ESD
testing.

30.2 Susceptibility of assemblies and equipment. Assemblies and equipment
containing ESDS parts are often as sensitive as the most sensitive ESDS part
they contain. Incorporation of protective circuitry in assemblies and

equipment provides varying degrees of protection from ESD applied to their
terminals. Such assemblies and equipment are still vulnerable from induced
ESD caused by strong electrostatic fields or by direct part, assembly or
equipment contact with a charged object.

40. TYPES OF ESD FAILURE

40.1 Intermittent. ubset. and hard failures. ESD can cause intermittent
unset (transient) failures as well as hard failures. Intermittent or upse
failures can occur on certain types of parts such as 1arge scale 1ntegratlon
(LST) memories. Such failures occur when equipment is in operation and is
usually characterized by a loss of information or temporary distortion of its
functions. No apparent hardware damage occurs and proper operation resumes

29
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automatically after the ESD exposure or in the case of some digital equipment,
after re-entry of the information by resequencing the equipment.

. Ugset faiiureg. Upset can be the resuit of the eiectricai noise
iated with an £SD spark in the vicinity of the equipment. The electrical

noise may enter electronic equipment by either conduction or radiation. In
the near field of an ESD, capacitive or inductive counling, depending on the

Sl SRS VT rw s wi Yl meww wmp e v TMUMWw Y I YTw www

impedances of the ESD source and the receiver, is dominant. In the far field,
electromagnetic field coupling exists.

Equipment operation is upset if the ESD-induced voltage, and/or currents
exceed the signal levels in the electronic circuit. In high impedance
circuits the signais are voitage leveis, thus capacitive coupiing will
Aamimadan awmd FCN 2adiiacmd oonVdaoo ..277T L. a4l o 2 o LTY__ P R
Uuitifiate diilu tov-Inuuled voitdye wili De Lne mdjor probieii. in IOW lmpeudl ce
circuits the signals are current based, thus inductive coupling will dominate
and the ESD-induced currents will cause the prnh]cm

Since the voltages and currents necessary to cause damage are one to two
orders of magnitude greater than those required to cause upset, damage is more
likely when there is conductive coupling--that is, the ESD spark must be
directiy coupied to the circuit. Radiated coupiing wiil normaiiy cause oniy

40.1.2 Hard failures. While upset failures occur when the equipment is
operating, catastronh1c (hard) failures can occur any time. Catastrophic ESD

failures can be the result of electrical overstress of electronic parts caused
by an ESD such as: a discharge from a person or object, an electrostatic
field, or a high voltage spark discharge. Some catastrophic failures may not
occur until after exposure to mu]t1p1e ESD events. Margina]]y damaged ESDS

parts, which require operating siress and time to cause further aegrauat1on,
may titimately experience catastrophic failure. Only certain part types seem
+n ho ciierantihla +tn thie 1atant Failiira nwvarace Thavra ava enma tunac nf
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catastrophic ESD failures which could be mistaken for upset failures. For

example, an ESD could result in aluminum shorting through a Si0, dielectric
layer. Subsequent high currents flowing through the short, however, could
vaporize the aluminum and open the short. This failure may be confused with
upset failure if it occurs during equipment operation, but the damage due to
the ESD would be a latent defect that will probably reduce the operating life
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40.1.3 Suscentible narte Parts that are suscentible to ESD uncet are any
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logic family that requires small energies to switch states or small changes of
voltage in high impedance lines. Examples of families that are sensitive
would be NMOS, PMOS, CMOS and low power TTL. Linear circuits with high
impedance, and high gain inputs would also be highly susceptible along with RF
amplifiers and other RF parts at the equipment level. Proper design for RFI
immunity can protect these parts from damage due to ESD high voltage spark

an
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discharge. To protect parts sensitive to ESD high voltage spark discharge at
the equipment level requires: good RFI/EMC design, buffering of busses,
proper termination of busses, shielding of bus conductors and the avoidance of
penetrations of the equipment cabinet that Tead to sensitive parts.

(a) thermal secondary breakdown
(b) metallization melt
(c) dielectric breakdown

(d) gaseous arc discharge
lf\\ l‘ll““'\ﬂﬂ hﬂﬂﬂbaﬁllh
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(f) bulk breakdown.

The failure mechanisms of (a), (b), and (f) are energy dependent, while
failure mechanisms (c), (d), and (e) are voltage dependent. A1l the above
failure mechanisms are applicable to microelectronic and semiconductor
devices. Failure mechanisms (b) or (d) have been evident in film resistors;
failure mechanism (f), in piezoelectric crystais. Besides these catastrophic
failure mechanisms unencapsulated chips and LSI MOS integrated circuits have

exhibited temporary failure due to failure mechanism (d) from positive charges
deposited on the chip as a by-product of gaseous arc discharge within the
package between the 1id and the substrate

50.1.1 Thermal secondary breakdown. Thermal secondary breakdown is also
known as second breakdown. Since thermal time constants of semiconductor

materiais are generaiiy iarge compared with transient times associated with
C)U ;‘)‘u'uses, LﬂEfe is I]LLIE UITTUSTGH DT neat rrom tne area OT power
dissipation and large temperature gradients can form in the parts. Localized

Junction temperatures can approach material melt temperatures, usually
resu]tlno in development of hot spots and subsequent junction shorts due to
melting. This phenomenon is termed thermal secondary breakdown. For junction

melting to occur in bipolar (p-n) junctions, sufficient power must be
dissipated in the junction. In the reverse bias condition, most of the
applled power is absorbed in the immediate Junctlon area with minimal power
joss in the body of the part. In the forward bias condition, the junction
ibits lower resistance. Even though a greater current f}ows, a greater
age of the power is dissipated in the body of the part. Thus more
power is generally reguired for junction failure in the forward bias condi-
tion. For most trans1stors. the emitter-base junction degrades with lower
current values than collector-base junctions. This is because the emitter-
base junction normally has smaller dimensions than any of the other junctions
in the circuit. For reversed polarity signals, only a very small microampere
current flows until the voltage exceeds the breakdown voltage of the junction.

T
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At breakdown, the current increases and results in junction heating due to the
nucleation of hot spots and current concentrations. At the point of second
breakdown, the current increases rapidly due to a decrease in resistivity and
a meit channel forms that destroys the junction. This junction faiiure mode
is a power dependent process.

50.1.2 Metallization melt. Failures can also occur when ESD transients
increase part temperature sufficiently to melt metal or fuse bond wires.
Theoretical models exist which allow computation of currents causing failure
for various materials as a function of area and current duration. Such models
are based on the assumption of uniform area of the interconnection material.
In practice, it is difficuit to maintain a uniform area; the resuitant

non-uniform area can result in localized current CrOWUTﬁg and SvDSéq'Uéﬁ hot
spots in the metallization. This type of failure could occur where the metal
strins have reduced cross-sections as thnv CY'OSS nvi'rln ctepc Ngma]]-\’l’ due
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junction damage at lower frequenc1es. Below 200 to 500 megahertz the junction
capacitance still presents a high impedance to currents, shunting them around

the junction.

50.1.3 Dielectric breakdown. When a potential difference is applied across a
dielectric region in excess of the region’s inherent breakdown
characteristics, a puncture of the dielectric occurs. This form of failure is

SN S =

due to voltage rather than energy, and could result in either total or limited
degradation of the part depending on the pulse energy. For example, the part
may heal from a voltage puncture if the energy in the pulse is insufficient to
cause fusing of the electrode material in the puncture. It wili, however,
usuaTiy exhibit Tower breakdown voitage or increased Teakage current after
such an event, but not catastrophic part failure. This type of failure could
result in a latent defect resulting in catastrophic failure with continued

use. The breakdown voltage of an insulating layer is a function of the pulse
rise time since time is required for avalanching of the insulating material.

50.1.4 Gaseous arc discharge. For parts with closely spaced unpassivated
thin electrodes, gaseous arc discharge can cause degraded performance. The

arc discharge condition causes vaporization and metai movement which is

generally away rrom the space between the electrodes. The meiting and fusing
does not move the thin metal into the interelectrode regions. In melting and
fusing, the metal pulls together and flows or opens along the electrode lines.
There can be fine metal globules in the gap region, but not in sufficient

veQF FrvE

numbers to cause bridging. Shorting is not considered a major problem with
unpassivated thin metal electrodes. On a surface acoustic wave (SAW) band
pass filter device with thin metal of approximately 4,000 angstroms (A) and
3.0 micrometers (um) electrode spacing operational degradat1on was
experienced from ESD.
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When employing thicker metallization such as 13,500 A, this gaseous arc
discharge in an arc _gap at typicaiiy 50 um can be used for protection to

dissipate incoming high voltage spikes.

For LSI and memory ICs with passivation/active junction interfaces susceptible
to inversion, gaseous arc discharge from inside the package can cause pOSlt?VE

b AL A A 2 SO Wity VY i

ions to be de0051ted on the chip and cause failure from surface inversion.
This has been reported to occur especially on parts with non-conducting lids.
A special case of this is ultraviolet (UV) EPROMs with quartz 1ids where
failures can be annealed by neutralizing the positive charge with ultraviolet
light through the quartz 1id.
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breakdown depends on numerous variables, such as geometry, doping level,
lattice discontinuities, or unclean gradients, the transient power which can
be dissipated during surface breakdown is generally unpredictable. The
destruction mechanism of surface breakdown results in a high leakage path

around the Junction, thus nu||1fying the junction action. This effect, as
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well as most voitage sensitive effects like dielectric breakdown, is dependent
upon the rise time of the pulse and usually occurs when the voltage threshold
for surface breakdown is exceeded before thermal failure can occur. Another

mode of surface failure is the occurrence of an arc around the insulating
material which is similar to metallization gaseous discharge. In this case,
the discharge is between metallization and semiconductor regions.

h

ers due to hi gh local temperatures within the JunCtion area. Such hig
temperatures result in metallization alloying or impurity diffusion resulting
in drastic changes in junction parameters. The usual result is the formation
of a resistance path across the junction. This effect is usually preceded by
thermal secondary breakdown.

50.2 Part constituents susceptible to ESD. Different parts are susceptible

to ESD in various degrees. These variations are due to different part designs
and different constituents that go 1nto making the part. Tab]e V is a summary

of constituents that are incorporated into various parts which are sensitive
to ESD. Table V also lists the part types in which some of these constituents
are found and the associated failure processes involved.

50.2.1 MOS structures. A MOS structure is a conductor and a semiconductor
substrate separated by a thin dielectric. Thus the acronym MOS for metal-
oxide semiconductor is derived. A more general acronym for this structure is
MIS for metal-insulator-semiconductor. Dual dielectric systems such as MNOS
(meta] nitride oxide semiconductor) are included in this susceptible
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50.2.1.1 Part types. Integrated circuit MOS technologies are NMOS (N-
channel MOS), PMOS (P-channel MOS) and CMOS (Complementary MOS). Variations
on these technologies include metal gate, silicon gate and silicon on sapphire
MOS structures. ©Differences in the susceptibiiity of these MOS technoiogies

are dependent on the oxide or oxide-nitride gate dielectric_breakdown levels
and tha snniuit nwmatandinn nqhh ard +An tha avébawmnal Aannan~ +inne Thn
alu LT 1npulL prutcueLivn i l\.ulbl, \-UllllC\.bEU LU LHT TALEIT Al LUiilieL L i viD. 1He
breakdown of the gate dielectric is mostly dependent on its thickness.
Typiga]]v this has been 1,100 A and with A dielectric strength ranging from
1x10° volts per centimeter (V/cm) to 1x10’ V/cm. This results in breakdown
levels between 80 and 100 volts. Newer technology variations, however, like
TABLE V. Part constituents susceptible to ESD.

Part Failure
constituent Part type Failure mechanism indicator
MOS MOS FET (Discretes) Dielectric breakdown Short (high
structures MOS ICs from excess voltage leakage)

Semiconductors with
metallization cross-
overs

Digital ICs (Bi-
polar and MOS) Linear
ICs (Bi-polar and
MOS)
MOS capacitors
Hybrids

tinear IC
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