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ABSTRACT

This thesis presents the principle and design method of demonstration
kit for occurrence of electrostatic discharge event. The design of our model is based
on detecting electromagnetic interference signal and then senses the peak of signal,
and is monitored with 7-segment. This kit will be the instructional media that is benefit
for student and any people in order to realize the impact of ESD in daily life. The first
step, antenna receives electromagnetic signal generated from ESD event. This is reason
why signal of antenna is converted from electromagnetic signal to voltage signal before
it comes to hold peak detector circuit. Finally, analyzing detected results and

monitoring the value using 7-segment.
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6.) Ffne wisedd 15.) 8lulus (ebonite)

7.) NIEANY 16.) ¥13 Gutta-perchta
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HUMAN BODY MODEL WAVEFORM
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2.2.2 WUUNADUYILAT893NT (Machine Model)
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MACHINE MODEL WAVEFORM

6 f

5 |
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2.2.3 wuuinaaudiaunsalgnensa (Charged Device Model)
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U Hll’ ﬂlj Ll ! 4 - dp o D =t -
YoInsegmUsEgazduNIn (@9asduliies 1 ns) uinsvuagegaiiniuasiirgefansdy
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1 Q, Current
Measurement Resistor
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Inductance

; Discharge
Chac:’g&s;%eslstor / & N\ I Device
>1 \ / Under Test

| Ground|Plate |

High Voltage w—dee Distributed Device Body to
Source =T Ground Plate Capacitance

Parasitic
Capacitance
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CHARGED DEVICE MODEL WAVEFORM
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pral (2.2)
d@ =) A a (3 ] [
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VXE=0 (2.5)
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2.3.2 N32UEN1515230 (Displacement Current)

< o a

Y . <
nsekan1snsyan (Displacement Current) AB NTEUANLNAIINATIUAEU

¢
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R =) (2.7)
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— dpy
J=— 0 (2.9)
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lny > o nsduniasvesrunuwiudszyliiniuna

¢=l¢:ll ld v o &
| Tunsaiviauuaguilasnasanaiuniadlaviinisanulainguewanuys

a ¢ T a v
Taensiunay Jo asluluaunisy 2.9 e

VxH=]+], (2.10)
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ABSTRACT

This thesis presents the principle and design method of
demonstration kit for occurrence of electrostatic discharge
event, The design of our model is based on detecting
electromagnetic interference signal and then senses the peak
of signal, and is monitored with 7-segment. This kit will be the
i'nstructionai media that is benefit for student and any people
in order to realize the impact of ESD in daily life. The first step,
antenna receives electromagnetic signal generated from ESD
event. This is reason why signal of antenna is converted from
electromagnetic signal to voltage signal before it comes to hold
peak detector circuit. Finally, analyzing delecled resulls and

monitoring the value using 7-segment.
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IEC6100042ESDTest

ESD Background

Electrostatic Discharge (ESD) is the abrupt release of charge from one object (often a person)
to another. Such a discharge can permanently damage or otherwise upset the function of
sensitive electronic circuits.

Electronic products are tested for ESD immunity to insure their continued reliable operation if
subjected to realistic levels of ESD after being placed in service. The European Union’'s EMC
Directive mandates ESD immunity testing for virtually all electrical and/or electronic products
as a condition for obtaining the CE Mark before shipping to a2 member state of the European

Union.

Applicable Standards

Generic Immunity Standards, Product Standards and Product Family Standards require that
ESD tests be performed in accordance with specific Basic EMC Standards: |IEC 801-2, IEC
61000-4-2, or EN 61000-4-2. Thermo KeyTek's Application Note, “EMC Standards Overview,”
provides an overview of European Standards for electromagnetic.compatibility, describes how
the Standards relate to one another, and lists sources for procuring copyrighted documents.

Basic EMC Standard

The Basic EMC Standards for ESD define methods of generating consistently reproducible
electrical stresses for test purposes. They specify capacitances and resistances to model the
human body’s charge storing capability and discharge impedance, respectively. This model
results in a current waveform, defined in the Standards. While the Basic EMC Standard also
specifies how to perform ESD testing, the Generic, Product and Product Family Standards
specify the test levels and pass/fail Performance Criteria.

Test Levels

Standard . | Applicability | D(i:s(::rl‘lt::gte ‘;‘;3‘3‘;:‘;’9:
Test Voltage ge |
Generic Immunity - Residential,
EN 50082-1 Commercial and Light Industrial N e
Draft Generic Immunity -
EhB0nEa-1 Residential, Commercial and Light 4kV 8kV
Draft .
Industrial
EN 50082-2 Gen.eric Immunity - Industrial 4KV 8KV
Environment
Generic Immunity - Industrial
EN 50082-2Draft e et 4kV 8kV
Immunity for Household Appliances,
EN 55104 Tools and Similar Apparatus 4KV BV
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Test Set-Up

Typical Position for  vgrticle Coupling Plane
Typical Position for  Direct Applicalion  (vCP) (0.5 x 0.5 m)

Discharge to HCP  Typical Position for Discharge to VCP

— Horizontal Coupling Plane
{HCP) (1.6 x 0.8 m)

“Wooden Table (0.8 m high)
Filter
Powar Supply

Relerence

Plane TABLE Top SET-Up

Typical Position for R32 .}
Doacd Alioation FLOOR STANDING SET-UP

Typlcal Pogltlon for Bischarge to VCP

Filter &
Power Supply

- VCP (0.5 % 0.5 m)
EUT Powar Cable

Insulation (10 ¢m Pallet)
Ground Relerence Fang Power Supply

Coupling Methods

Direct Coupling is a discharge directly to the Equipment Under Test (EUT), either in an Air
Discharge mode, necessary for products having few or no metal surfaces, or via Contact
mode, the preferred method. In the “air discharge” mode, the ESD event is initiated when the
test simulator output is brought into close proximity with the EUT until a spark is initiated. The
resulting stress is influenced by various environmental factors. In the preferred “contact
discharge” mode, the test simulator output is first brought into physical contact with the EUT,
then the ESD event is initiated under controlled conditions within the simulator.

Indirect Coupling simulates an ESD event which causes a radiated field to be emitted in the
vicinity of the victim equipment. This is accomplished using Vertical Coupling Planes (VCP's)
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and Horizontal Coupling Planes (HCP's). Current standards require discharges be made to
the edge of the VCP and surface of an HCP.

Waveforms

3.76A/KV * 10%

B0%
_2A/KY £ 30%
10%' 1A__1W + 30%
| -
30ns 6Qns

Waveform Verification

IEC 61000-4-2 requires the simulator output be verified periodically. A Model CTC-3
measurement target and target plane is required. The ESD current measurement is then
made using a measurement system having a 1GHz or greater bandwidth. It is necessary to
place the oscilloscope inside a shielded enclosure during the measurement to reduce the
effects of radiated ESD directly to the measurement instrument.

Recent work by the Working Group 14.0 of the ESD Association has found that some
simulators produce waveforms that are in compliance with IEC 61000-4-2, but have
considerable ringing and high frequency components that do not show up with 1GHz
instrumentation. These simulators may cause failures in products which would not occur if
tested with a Thermo KeyTek simulator. Working Group 14.0 is preparing a document to
describe waveform verification methods to allow manufacturers to verify the ESD current from
simulators using high bandwidth instrumentation.

Number and Rate of Discharges

The manufacturer is required to develop a test plan identifying the EUT's most sensitive
operating mode and appropriate test points. A minimum of 10 discharges are then made to
gach test point in either Contact Discharge or Air Discharge, according to the test plan. A
recommended time interval of 1 second between tests should be used, but a Ionger interval is
allowed if necessary to determine if a system failure has occurred.

For the indirect tests, 10 discharges are required to the Vertical Coupling Plane at each of 4
equipment faces (40 discharges) and then 10 discharges are required to the Horizontal
Coupling Plane at 4 sides of the EUT (40 discharges).

EUT Performance Criteria

For ESD tests, the Generic Immunity Standards and Household Appliances Product Family
Standard require that products operate as intended after the test. No degradation or _loss of
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function is allowed below a performance level specified by the manufacturer. During the test,
degradation is allowed, but not a change in the actual operating state or stored data. Refer to
the tables located in the Generic, Product and Product Family Standards for specific
Performance Criteria. The product cannot become unsafe under any conditions.

ESD Simulators

ESD Simulators produced by Thermo KeyTek meet all the simulator requirements of IEC
61000-4-2, including discharge network characteristics, discharge tips, and waveforms.
Numerous accessories and discharge tips are available from Thermo KeyTek for those
manufacturers requiring additional test capability and flexibility.
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Surge Background

Surges occur on the AC power mains as a result of switching operations in the power grid
and from nearby lightning strikes, either directly to the power distribution system or to
nearby ground. Radiated coupling of surges into I/O lines generally occurs only when the
lines are very long.

Electronic products are tested for Surge immunity to insure their continued reliable
operation if subjected to realistic levels of surge voltages. The European Union’s EMC
Directive currently mandates Surge testing for some products; however, it is expected that
virtually all electrical and electronic products will have to be tested for Surge immunity in the
near future as a condition for obtaining the CE Mark before shipping products to a member
state of the European Union.

Applicable Standards

Generic Immunity, Product and Product Family Standards require Surge tests be performed
in accordance with Basic EMC Standards: |IEC 801-5, IEC 61000-4-5 or EN 61000-4-5.
Thermo KeyTek's Application Note, “EMC Standards Overview,” provides an overview of
European Standards for electromagnetic compatibility, describes how the Standards relate
to one another, and lists sources for procuring copyrighted documents.

Basic EMC Standard

The Basic EMC Standard for Surge defines the methods of generating consistently
reproducible surge voltages for test purposes. They specify generator and
coupler/decoupler design and performance in sufficient detail to produce correlatable
results between test sites. While the Basic EMC Standard specifies how to perform Surge
testing, the Generic, Product and Product Family Standards specify the test levels and
pass/fail performance criteria.

Test Levels

tandard

Applicability Common Mode

Generic Immunity - Residential,
Rk Commercial and Light Industrial WA
EN 50082-1 Generic Immunity - Residential, 2KV 1KV
Draft Commercial and Light Industrial
EN 50082-2 Generic Immunity - Industrial N/A N/A

Environment

Generic Immunity - Industrial 4kV 2kV

EN 50082-2Draft |- . ot

Immunity for Household
EN 55104 Appliances, Tools and Similar 2kV ' 1kV
Apparatus
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Safety
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: Disconnect O Surge
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Input Power All Other InputOuspat Wiwes
Intuding. Ground

When performing Surge tests, safety is a primary concern. Surge voltages and currents
must be contained to insure they will not appear where they can cause damage to other
instruments in the test area. The test pulses used for Surge testing are of sufficient energy
to cause components to fragment under fault conditions and become hazardous to
personnel in unprotected environments.

Coupling Methods

Capacitive Coupling via 9uF (Line to earth) or 18uF (line to line) capacitors is required for
coupling surges to AC or DC power mains. These coupling capacitors are typically included
as part of a Coupler/Decoupler (C/D) in commercially available Surge simulators. The C/D
provides both coupling to the EUT power mains and a decoupler to prevent the surge from
appearing on the ac mains connected to other equipment in the lab.

Capacitive Coupling via .5uF capacitors, as well as via alternative devices such as surge
arrestors, are used to couple surges onto data, I/O and telecommunication lines. Surge
arrestors are the preferred coupler device due to the undesirable loading effects of
capacitors particularly at frequencies greater than a few kilohertz. A decoupler is included to
prevent the surge from appearing at, and potentially damaging, the auxiliary equipment.

Waveforms

- 60%

To

| Open Circuit Voltage 1.2 x 50 Front Time: TF = 1.67 x TRF = 1.2psec + 30% Duration: TD|

= Virtual Start to 50% = 50pusec +20%
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~ 50%

=

Short Circuit Current 8 x 20 Front Time: TF = 1.25 x TRF = 8psec + 230% Duration: TD =

Virtual Start to 50% = 20usec £20%

Waveform Verification

IEC 61000-4-5 requires that the simulator output be verified periodically. High voltage
differential surge probes are required for verifying the open-circuit voltage, and a suitable
current transformer (Pearson Model 110 or equivalent) is required for verification of the
short-circuit current. A digital or storage oscilloscope with 100MHz bandwidth is sufficient
for measuring the surge voltage and current waveforms and peaks.
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Open Circuit Voltage (CCV)

Minimize Loop Areas

| Qscilloscops

» Difterential
* Measuremant

SURGE

Short Circuit Current (SCI)
Minimize Loop Area

Current ;
Transtormer* Dsoilioscape

SURGE
Simulator

Balun
{opt)

* Pearson Model 110 or equivalant

Test Execution

According to IEC 61000-4-5, testing must be carried out according to the manufacturer's
test plan, which shall specify:

» Generator & other equipment

« Generator Source Impedance

* Repetition rate (one per minute maximum)

« Sequence of application of the surge

* Installation conditions

* Operating conditions of EUT

» Number of tests (at least five positive and five negative at each point)
* Test levels

* Polarity

* Inputs/outputs tested

* Phase angle of coupling to ac mains

* Internal or external trigger

EUT Performance Criteria

For Surge tests, the Generic Immunity Standards and Household Appliances Product
Family Standard require that products operate as intended after the test. No degradation or
loss of function is allowed below a performance level specified by the manufacturer. During
the test, degradation is allowed, but not a change in the actual operating status or data
storage. Refer to the tables located in the Generic, Product and Product Family Standards
for specific Performance Criteria. The product cannot become unsafe under any conditions.

Surge Simulators

Surge Simulators produced by Thermo KeyTek meet all the simulator requirements of |IEC
61000-4-5, including dynamic source impedance, all waveform characteristics, and
coupler/decoupler design.
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