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lectrostatic-discharge problems come in many guises. In the

factory, discharges can affect components or assemblies; they

can come from personnel or machinery or even be carried by

the electronics. In the field, discharges from personnel to

fully assembled equipment constitute the primary concern.

ESD at the equipment or system level is a field problem.

Immunity to ESD is a mandatory requirement in European juris

dictions and an important factor in equipment durability and

reliability everywhere. In the words of the European Union's EMC

Directive, the equipment must "operate as intended" when sub

jected to typical environmental disturbance. The EMC Directive

makes standardized ESD performance levels effectively mandato

ry for any equipment destined for the European Union, but even

where it is not required bylaw, ensuring adequate ESD immunity

is good design practice. It enhances equipment reliability and

longevity and hence marketability. This article reviews the basic

techniques for ESD testing at the product level.

A Model for Human ESD

The basic model for personnel electrostatic discharge comprises a

charge-bearing capacitor in series with a resistive discharge path.

This model, which is consistent with elementary electrostatic

theory and observed experimental data, is surprisingly simple.

Experimental studies of the ESD event typically have two phases.

The test subject is charged, either triboelectrically, by walking in

which case his or her potential can then be measured, or direct

ly, from a high-voltage, high-resistance power supply. He or she

then stands or sits on an insulated surface and discharges to a

grounded low-impedance target monitored by a wide-bandwidth

storage oscilloscope. The resulting waveform see Figure 2 is

quick, with a rapid rise time and a somewhat longer decay. In

many situations, the current discharge will include an extremely

rapid leading-current spike.

The explanation for these observations involves several factors:

The charge-carrying capacity of a conductive object is related

to its size. For a human being, this capacity is approximately

150 picofarads. It may seem strange at first to think of a human

being as a capacitor-after all, where are the terminals?

However, it can be shown that conductive objects have a "free-

space capacitance" in the sense that there is a proportional rela

tion between the charge they carry and their potential with

respect to ground.

* The details of the discharge-current waveform are surprisingly

complex. The current amplitude durthg discharge depends on

several factors, including the impedance of the discharge path

and the speed of approach. The discharge impedance will be

lower-and thus result in a higher current-ifthe spark is drawn

through a hand-held metallic object such as a tool, key, or ring

than if it is drawn from a bare fingertip. The limitthg case of a

low-impedance discharge is in a category by itself-the "furni

ture discharge" that models the situation where a large charged

metal object, such as a metal cart, is the ESD source and there is

no intervening arm/hand impedance in the discharge path.

* A single capacitor R-C circuit is inadequate for modeling the

ESD event because of its rapid leading spike. The problem is

that the human hand itself has an intrinsic capacitance of

approximately 10 picofarads. There is no arm impedance in

series with this hand capacitance.

* The intense initial spike is an important part of the ESD event.

Its presence in ESD simulation is essential for accurate and

repeatable measurements, since certain equipment is sensitive

to the high-frequency energy content of this spike.

* The speed of approach-that is, the rate at which the charged

personnel is moving toward the equipment when the spark is

drawn-is a critical factor. Rapid approach is associated withFIGURE 1:An ESD gun.
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the leading-edge current spike and with a repeatable ESD sim

ujation waveform. Surprisingly, the best physical way to control

this factor is through the closure of a high-voltage mechanical

relay. "Contact" or "direct-injection" testing brings the simula

tor electrode into direct electrical contact with the equipment

under test and makes the discharge path through the rapid

closure of an internal relay.

These facts have been incorporated into the basic lEG stan

dard lEG 80 1-2, Issue 2, "Electromagnetic Compatibility for

Industrial Process Measurement and Control Equipment, Part 2:

Electrosta-tic Discharge Requirements?' This influential standard

has a sound scientific basis and serves as a foundation for many

newer standards, among them the planned ITE-specific CISPR 24

which in the EU will become EN 50024 and lEG 1000-4-2.

The importance of the leading-edge spike, the intrinsic hand

capacitance, and the speed of approach was first discovered in the

late 1980s. This new information led to the upgrading of JEC 801,

which had attempted to simulate the ESD discharge as a single

impulse modeled by a simple R-C network The original standard

used a different discharge resistance, and the value of direct-

injection testing was not appreciated.

Which Standard to Use?

Although there is wide agreement on the usefulness of lEG 801-2,

Issue 2, its predecessor, IEC 801 1984, is

still important in assessing ESD immunity

under the EU's EMC Directive. The EU's

generic immunity standard, EN 50082-1,

which is applied as the default immunity

standard in the absence of product-specif

ic standards, requires ESD testing in accor

dance with IEC 801. Since the EMC

Directive is quite new, many products will

have to be qualified under the generic

standard because specific standards do not

yet exist for them. It is therefore essential

to understand the differences between the

newer "Issue 2" and the original lEG 801.

Circuit model: IEC 801-2 1984 uses a

simple 150-pf/150-ohm RC model.

Issue 2 changes the simulator parame

ters to 150 pf/330 ohms. Perhaps more

significant is the explicit acknowledg

ment of the importance of "hand

capacitance" in the new standard.

* Air vs. direct-injection testing:

Whereas IEC 801-2 1984 is based on

air-discharge testing, Issue 2 empha

sizes direct-injection testing and rele

gates air-discharge testing to secondary

status, recommending its use in testing

insulation barriers where the contact

necessary for injection testing is not

achievable.

* Test levels: The current profile of the

discharge is what causes ESD upset, but

ESD simulators are calibrated in terms

of the voltage potential present on the

simulator circuit capacitor. At higher

voltages, the two test methods deliver

different current profiles because of air

corona effects. Figure 6 shows the rela

tion between the two methods for a

given peak current.

EN 50082-I, the generic immunity

standard, requires a modest immunity

level of 8 kV to air discharge, using the

150-pf/150-ohm circuit of the lEG 801-

2 1984. Proposals under consideration

for the ITE product-specthc standard

call for immunity levels of 3 kV for

direct injection and 8 kV for air dis

charge, using the more recent 150-

pf/330-ohm simulator.
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FIGURE 2; Shown above is the current waveform required by IEC

801-2 Issue 2. Note that the important generic immunity standard,

EN 50082-1, uses a less complex waveform, without the leading spike.

FIGURE 3: How human ESD models are derived: first, the open-

circuit voltage on the fingertip is measured, then the short-circuit

current is monitored during discharge to ground.

Peak-Current Requirements

IEC 801-2, Issue 2 Additional Requirements

Direct-

Injection
Simulator
Voltage

First Peak
Current of

Discharge
±10%

Current

±30% 30 ns

Current
±30% 60 ns

2kV 7.5A 4A 2A

4kV 15A 8A 4A

6kV 22.5A 12A 6A

8kV 30A 16A 8A

TABLE 1: Waveform parameters ofIEC 801-2 Issue 2.

* Waveshape: The 1984 standard specifies the current waveform

as a single pulse with a 5-ns rise time and a 30-ns width at the

50% level. lEG 80 1-2, Issue 2,provides detailed waveform para

meters, with emphasis on the direct-injection current profile.

An intense leading spike with a 1-ns rise time is required, and

the current is specified at 30 and 60 ns. The more detailed wave

form is reported more closely to resemble real-world dis

charges, and to provide more repeatable test results, than that of

the earlier standard.

Setting Up a Test Site

The test site described below is applicable for testing to Issue 2

1991 of IEC 801-2. The setup for its 1984 predecessor is slightly

tr 1 ns

Recording
Apparatus

+++

Large Metal
Object =

Earth Ground

Insulated Surface
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different in that isolated reference planes are not used; instead, the

equipment under test EUT is elevated above a grounded surface

with no impedance to earth ground.

Temperature and humidity need not be rigorously controlled

at the test site. While low humidity is required for human beings

to build up high voltages, the high-voltage supply built into a

properly designed ESD simulator supplies the proper potential

regardless of humidity. One parameter must, however, be con

trolled: the site should have a reference earth ground available.

Since the effect of an electrostatic discharge results from a

FIGURE 6: The peak current IP produced by through-air ESD

simulators differs from that produced by current-injection tech

niques for the same applied voltage. The peak current supplied by

current-injection techniques is proportional to the voltage of the sim

ulator's capacitance VT; however, the voltage for ESD simulators

employing through-air discharge techniques is nonlinearly related to

current. Corona effects that start to exhibit themselves above 4 kilo-

volts are one possible cause of this. VT is the voltage on the probe tip

prior to discharge for a direct-injection probe, and VE that for a

through-air-type probe.

FIGURE 7: If the ESD simulator's ground-return strap is too long, it

can affect the waveform by introducing too much inductance into

the discharge circuits. IEC standards recommend a maximum

ground-strap length of2 meters.

Charging Discharge

Relay

EHT

Supply

FIGURE 4: ESD simulator circuit. Earlier simulators did not include

the additional "hand" capacitance. The total capacitance is generally

l5Opf and the discharge resistance is 150 or 330 ohms, depending on

which standard applies.

FIGURE 5: The charge that can be held by a conductive object is pro

portional to its size, giving the object itself a "free-space" capacitance.

The two circuits shown above are equivalent; current willflow briefly

when the battery is connected to the metal sphere as charge flows to

raise its potential.
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potential difference between the probe tip and earth ground, it is

important to establish an earth ground that will not vary in volt

age when a discharge occurs. Such variation would reduce the

instantaneous amount of current flowing from the probe tip and

through the device under test, preventing the worst-case discharge

waveform from being achieved.

The creation of a reference ground eliminates the difficulties

described above. The third-wire return alone cannot be used

Typrcal PosOton trrdirect Discharge
For Direct Applicatiorr By VCP Only When the

Case of the EUT Is

Made of Insulating Material

Typical Position
For Discharge To VCP

FIGURE 8: Tabletop units are tested on a Horizontal Coupling Plane

HCP. The HCP is resistively grounded to the ground reference

plane specified in Issue 2 of the standard. The HCP is replaced by a

ground plane in testingfor the current EU requirements.

FIGURE 9: Floor-mounted units are mounted 10 cm above the

ground reference plane. This plane must extend at least 0.5 m beyond

the EUT in all directions.




