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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
-operation on all questions concerning standardization in the electrical and electronic-ields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Lblicly Available Specifications (PAS) and Guides (hereafter referred to as AHECYPublication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with'‘the International Organizatidg
andardization (ISO) in accordance with conditions determined by agreement'between the two organizatig

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are.made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible’ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in theirdiational and regional publications. Any divergence bet
hy IEC Publication and the corresponding nation@l or regional publication shall be clearly indicated in the |

C itself does not provide any attestation ,ofisConformity. Independent certification bodies provide confg
Esessment services and, in some areas,‘decess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they haye‘the latest edition of this publication.

p liability shall attach to IEC orlits directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature Whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of ‘the’ publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable for'the correct application of this publication.

tention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of p

has

s redline version of the official IEC Standard allows the user to identify the changes mag
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IEC 60749-28 has been prepared by IEC technical committee 47: Semiconductor devices, in
collaboration with IEC technical committee 101: Electrostatics. It is an International Standard.

ANSI/ESDA/JEDEC JS-002-2018 has served as a basis for the elaboration of this standard. It
is used with permission of the copyright holders, ESD Association and JEDEC Solid state
Technology Association. ANSI/ESDA/JEDEC JS-002-2018 describes the field-induced (FlI)
method. An alternative, the direct contact (DC) method (not based on JS-002-2018), is
described in Annex J.

This second edition cancels and replaces the first edition published in 2017. This edition

constitutes—a-technicalrevision

This| edition includes the following significant technical changes with respect to theiprevious
editipn:

a) 4 new subclause and annex relating to the problems associated withfiCDM testing of
integrated circuits and discrete semiconductors in very small packages;

b) g¢hanges to clarify cleaning of devices and testers.

The|text of this International Standard is based on the following documents:

Draft Report on yoting
47/2746/FDIS 47/2754/RVD

Fulllinformation on the voting for its approval can befound in the report on voting indicated in
the above table.

Thel|language used for the development of this;International Standard is English.

This| document was drafted in accordanece with ISO/IEC Directives, Part 2, and developgd in
accqrdance with ISO/IEC Directives, Rart 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC| are
desgribed in greater detail at www.iec.ch/standardsdev/publications.

A ligt of all parts in the IEC/'60749 series, published under the general titte Semicondyctor
devices — Mechanical and climatic test methods, can be found on the IEC website.

The|committee has.decided that the contents of this document will remain unchanged unti| the
stabjility date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the g$pecific document. At this date, the document will be

e reconfirmed,

e Withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The earliest electrostatic discharge (ESD) test models and standards simulate a charged object
approaching a device and discharging through the device. The most common example is
IEC 60749-26, the human body model (HBM). However, with the increasing use of automated
device handling systems, another potentially destructive discharge mechanism, the charged
device model (CDM), becomes increasingly important. In the CDM, a device itself becomes
charged (e.g. by sliding on a surface (tribocharging) or by electric field induction) and is rapidly
discharged (by an ESD event) as it closely approaches a conductive object. A critical feature
of the CDM is the metal-metal d|scharge which results inavery rap|d transfer of charge through
from
rent

Accurately quantifying and reproducing this fast metal-metal discharge event is-very difficult, if

not jmpossible, due to the limitations of the measuring equipment and its dnfluence on| the

discharge event. The CDM discharge is generally completed in a few nandseconds, and T/eak
t

currents of tens of amperes have been observed. The peak current into, the device will jvary
congiderably depending on a large number of factors, including package type and parasitics.
Theltypical failure mechanism observed in MOS devices for the CDM-model is dielectric damage,
althgugh other damage has been noted.

The|CDM charge voltage sensitivity of a given device is package dependent. For example| the
samg integrated circuit (IC) in a small area package can be less susceptible to CDM damage
at a|given voltage compared to that same IC in a packdge of the same type with a larger grea.
It hgs been shown that CDM damage susceptibility correlates better to peak current levels than
charge voltage.



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC

1 Seepe

This
and
expq
All g
optg

contining any of these devices are to be evaluated according to this documént. To perforn

tests
This
desq
desq

The
provi

typel

sengy

The

3

For

ISO
addr

e |EC Electropedia: available at http://www.electropedia.org/

60749-28:2022 RLV © IEC 2022 -9-

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 28: Electrostatic discharge (ESD) sensitivity testing —
Charged device model (CDM) — device level

part of IEC 60749 establishes the procedure for testing, evaluating, and classifying-deV
microcircuits according to their susceptibility (sensitivity) to damage or de@radatio
sure to a defined field-induced charged device model (CDM) electrostatic discharge (E
ackaged semiconductor devices, thin film circuits, surface acoustic wave |(SAW) devi
-electronic devices, hybrid integrated circuits (HICs), and multi-chipCmodules (MC

, the devices are assembled into a package similar to that expected:in the final applica
CDM document does not apply to socketed discharge model\ testers. This docun
ribes the field-induced (FI) method. An alternative, the direct contact (DC) metho
ribed in Annex J.

purpose of this document is to establish a test methodythat will replicate CDM failures
ide reliable, repeatable CDM ESD test results frofa tester to tester, regardless of de

Repeatable data will allow accurate classifications and comparisons of CDM
itivity levels.

Normative references

e are no normative references inthis document.

Terms and definitions
he purposes of this,document, the following terms and definitions apply.

and IEC maintain’ terminological databases for use in standardization at the follo
esses:

SO Online browsing platform: available at http://www.iso.org/obp

ices
h by
5D).
ces,
Ms)
the
tion.
hent
d, is

and
vice
FSD

ving

3.1

CDM ESD

charged device model electrostatic discharge
electrostatic discharge (ESD) using the charged device model (CDM) to simulate the actual
discharge event that occurs when a charged device is quickly discharged to another object at
a lower electrostatic potential through a single pin or terminal

3.2

CDM ESD tester
charged device model electrostatic discharge tester
equipment that simulates the device level CDM ESD event using the non-socketed test method

Note

1 to entry: "Equipment" is referred to as "tester" in this document.


http://www.iso.org/obp
https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

3.3
CSm

-10 - IEC 60749-28:2022 RLV © IEC 2022

all

device to CDM field plate capacitance for an integrated circuit or discrete semiconductor at or
below which it has been determined that CDM testing is not required if specified conditions are

met

3.4

dielectric layer

thin

3.5

fielo
cong
couy

Note

3.6

insulator placed atop the field plate used to separate the device from the field plate

plate
uctive plate used to elevate the potential of the device under test (DUT) by.apag
ling

1 to entry: See Figure 1.

ground plane

cong

Note

3.7
soft
user

uctive plate used to complete the circuitry for grounding/dischatging the DUT

1 to entry: See Figure 1.

ware voltage
operator-entered voltage that, when combined/wijth the scale factor or offset, sets

actufal field plate voltage on the system in order to achieve the waveform parameters

Note |1 to entry: Waveform parameters are defined in Table 1 or Table 2.
3.8

test|condition

TC

testgr plate voltage that meets the waveform parameter conditions

Note

4

4.1

4.1.

1 to entry: The waveform parameter conditions are found in a particular column of Table 1 and Table 2.
Required equipment

CDM ESD tester

Genéral

itive

the

Figure 1represents the hardware schematic for a CDM tester setup to conduct field-indyced

CD
devi

ESD testing assuming the use of a resistive current probe. The DUT may be an a(

tual
The

pogo pin shall be connected to the ground plane with a 1 Q current path with a minimum
bandwidth (BW) of 9 gigahertz (GHz). The 1 Q pogo pin to ground connection of the resistive
current sensor may be a parallel combination of a 1 Q resistor between the pogo pin and the
ground plane, and the 50 Q impedance of the oscilloscope and its coaxial cable. In Figure 1,
K1 is the switch between charging the field plate and grounding the field plate. The CDM ESD
testers used within the context of this document shall meet the waveform characteristics
specified in Figure 2, and Table 1 and Table 2, without additional passive or active devices,
such as ferrites, in the probe's assembly.
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Pogo pin to
ground resistance
=1

50 Q coax to 50 Q

—1
Ground HV %
74
Dielectric r~

DUT K1

Pogo pin

™

Charging Q}/

Field plate

Pogo pin to ground
resistance = 1

Pogo pin

Dielectric KA1

DUT X

Field plate IEC

N-
.\0

Figure1 — Simplified CDM tester hardware schematic

Whgn constructing Qest equipment, the parasitics in the charge and discharge paths sh

gredtly influe

For
com

e test results.

be minimized sige, e resistance inductance-capacitance (RLC) parasitics in the equiprn

@)

to this document upon removal of ferrite components.

ould
nent

S

ax@quipment, it is recommended to contact qualified service personnel to deteriine

4.1.2 Current-sensing element

A current-sensing element shall be incorporated into the ground plane. The resistance of this
element shall have a value of (1,0 £ 10 %) Q. A resistor, as specified in 4.1.1, shall be used as
the current-sensing element. The value of resistance (including the 50 Q cable/oscilloscope
termination) shall be measured using an ohmmeter as described in 4.5. The resistance value

shal

| be used to calculate the first peak current.

The current-sensing element shall have a minimum frequency response of 9 GHz (specified by
a maximum roll-off of 3 dB at 9 GHz).
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4.1.3 Ground plane

The probe assembly shall contain a square ground plane with the probe pin centred within it as
shown in Figure 1. The dimensions of the ground plane shall be 63,5 mm x 63,5 mm £ 6,35 mm
(2,5 inches x 2,5 inches + 0,25 inches).

4.1.4 Field plate/field plate dielectric layer

The field plate shall have a surface flatness to vary no more than + 0,127 mm (0,005 inches).
The field plate dielectric layer should be made with an FR4 or similar epoxy-glass material. For
FR4, the thickness and thickness tolerance of this dielectric layer should be
0,38T mm £ 0,0254 mm (0,075 inches £ 0,007 inches) In order to resull In a capacitance
meajsurement (as specified in normative Annex B) in the range specified in Table A.1.

If a|different material is used, the material thickness is chosen to result in ay capacitance
meajsurement in the range specified in Table A.1.

4.1.% Charging resistor

The|charging resistor shown in Figure 1 shall nominally be 100 MQ ot greater.

Res|stor values higher than 100 MQ may be used, but this may,not allow very large deVices
(refer to 5.9 and Annex |) to charge fully before being discharged by the probe assembly. [This
effe¢t can be overcome by adding a delay between discharges in the CDM tester programming
software. If using a resistor greater than 100 MQ, it is reeommended that the tester or the dgvice
itself be characterized to determine if a delay is neéeded for discharging large devicep. A
progedure for this large device delay characterization is given in Annex I.

4.2 | Waveform measurement equipment
4.2. General

The|CDM waveform measurement equipment shall consist of the following components.

4.2.2 Cable assemblies

Cable assemblies with combined internal tester cable and external cable total loss of no more
than 2 dB at frequencies\up to-9 5 GHz and a nominal 50 Q impedance.

4.2.3 Equipment for high-bandwidth waveform measurement
4.2.3.1 High-bandwidth oscilloscope

An gscilloscope or transient digitizer with a minimum real-time (single shot) 3 dB BW of at least
6 Gizand = 20 gigasample/s sampling rate with a nominal 50 Q input impedance.

4.2.3.2 Attenuator

A 20 dB attenuator with a precision of 0,5 dB, at least 12 GHz BW, and an impedance
of 50 Q + 5,0 Q.

4.2.4 Equipment for 1,0 GHz waveform measurement
4.2.4.1 1 GHz oscilloscope

An oscilloscope or transient digitizer with a real-time (single shot) 3 dB BW of 1 GHz with a
nominal 50 Q input impedance. The sampling rate shall be = 5 gigasample/s.

NOTE The user has the option of using a higher BW oscilloscope and using a hardware or software filter to produce
a bandwidth and sampling rate equivalent to that specified in 4.2.4.1.
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4.2.4.2 Attenuator

A 20 dB attenuator with a precision of + 0,5 dB, at least 4 GHz BW, and an impedance of 50 Q
+50Q.

4.3 Verification modules (metal discs)

The large verification module shall have a capacitance of (55 + 5 %) pF and the small
verification module shall have a capacitance of (6,8 + 5 %) pF. Refer to normative Annex A for
information on the verification module physical dimensions and normative Annex B for
information on the capacitance measurement procedure.

4.4 | Capacitance meter

Cappcitance meter with a resolution of 0,2 pF, a measurement accuracy of'3,%, and a
measurement frequency of 1,0 MHz as described in normative Annex B.

4.5 Ohmmeter

The|ohmmeter used to measure the resistance of the resistive pnobe shall be capable of
measuring to an accuracy of 0,01 Q. Use of Kelvin 4-wire connectians is recommended.

5 Periodic tester qualification, waveform records,‘and waveform verification
requirements

5.1 | Overview of required CDM tester evaluatians

The|CDM tester shall be qualified, re-qualified, @nd periodically verified as described in 5.5[and
5.6.

NOTE 1 Dielectric layers, ground planes (ground*plates), the coaxial discharging resistor (probe), the disfance
betwg¢en the ground plane and the field plate, the’verification modules and the discharge contacts (e.g., pogo|pins)
are Hey elements of the tester construction™*Any change to these elements—requires necessitates a wavegform
verifigation.

NOTE 2 Changes in the shape of theldischarge pulse, even though they can still be within specification, can indicate
degrddation of the discharge path

5.2 | Waveform capture hardware
Waveform capture fequires the following instrumentation and tester set voltage procedure

e an oscillosCope as specified in 4.2;
e 3n attenuator and cable assembly as defined in 4.2;

o yerifieation modules (as described in 4.3) with the dimensions and attributes listed in
normative Annex A and the method of measurement listed in normative Annex B.

5.3 Waveform capture setup
The waveform capture setup shall be carried out as follows:

a) Clean the verification modules. Avoid skin contact with the modules prior to, and during
testing. A recommended procedure is described in normative Annex A.

b) Using an alcohol wipe, clean the discharge probe and the field charge plate on which the
device is placed to remove any surface contamination that could result in charge loss.
Ensure the pogo pin is free of particulates.

c) Attach the appropriate 20 dB attenuator as described in 4.2.3.2 to the oscilloscope. Attach
one end of the external cable assembly, as described in 4.2.2, to the attenuator and the
other end to the CDM tester. Verify all connections in the measurement chain are tight.
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See informative Annex F for an example of oscilloscope settings and captured waveforms.

5.4 Waveform capture procedure
The waveform capture procedure shall be carried out as follows:

a) Place the verification module to be used on the field plate dielectric, ensuring intimate
contact between the field plate dielectric and verification module.
b) Set the potential of the field plate to the needed voltage for the test condition being run.

c) Align the ground pin to approximately the centre of the verification module.

d) Either the single discharge or dual discharge method as described in Clause G.R or
lause G.3 respectively can be used, but the discharge method chosen should be censigtent
ith how products will be tested. When using the dual discharge method, waveforms for
ositive and negative pulses require a change in the oscilloscope trigger~conditions to
apture only positive or negative pulses.

e) Discharge the verification module at least ten times at the polarity beingverified.

f) bserve at least ten successive waveforms during the set of discharges above and reford
the average waveform parameters for Iy, T, full width at half maximum (FWHM), and IpP for

this group of waveforms as shown in Figure 2.
the waveform characteristics do not meet the requirements§ as defined in either Table|1 or
[able 2 for the target test condition (see 5.6 and 5.7 for the appropriate table and|test

I
.
gonditions to use), re-clean the verification modules, and ground pin, check thaf all
gonnections are tight, make adjustments in the field/plate voltage and repeat steps a) tp g).

If this still does not work, check the system vacuum/or look at replacement of the ground|pin.
Congult the tester manufacturer for more information.

Repgat the procedure for the opposite polarity-

5.5 | CDM tester qualification/requalification procedure
5.5. CDM tester qualification/requalification procedure

Thelintent of the qualificationfrequalification procedure is to determine the field plate voltage
needled for each test conditioh setting (125 to 1000) in Table 3 to produce peak current ir] the
randges corresponding torxTable-+-and Table 2, and therefore corresponding to the classification
leve|s as specified in/fable 3.

Two| alternative«procedures for how to qualify and routinely check the CDM test system| are
intrgduced in Annex H. These procedures are based on generally available CDM test systems
and |offer twe_methods for adjusting the field plate voltage to meet the waveform parametefs of
Table 2.

CD ; ; ification
procedures from the two procedures in Annex H, as long as they result in waveforms that meet
the requirements of-Fable—1-or Table 2 for the various test conditions.

It is recommended that settings determined from this qualification procedure be recorded for a
particular test system, oscilloscope BW and polarity. This allows for detection of drift over time
on the system, which may indicate a larger issue with the system. See Clause H.3 for examples.

Perform the setup and waveform capture steps as described in 5.3 and 5.5 under test conditions
125 to 1000 in Table 2 for both positive and negative polarities using both small and large
verification modules, and measuring with the high bandwidth oscilloscope as specified
in 4.2.3.1. Refer to Annex H for example flowcharts of the procedures.
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If local site test voltage ranges will always be narrower than the range above (for example test
conditions 125 to 500), it is permissible to perform the qualification within that narrower range.

5.5.2 Conditions requiring CDM tester qualification/requalification

The CDM tester qualification and requalification as described in 5.5 is required in the following
situations:

e acceptance testing when the CDM tester is delivered; usually performed by the
manufacturer during installation;

° eriodic—regualification—in—accordance—with—the manufacturer's—recommendations— the
| T

rmaximum time between requalification tests is one year;

o Jfter service or repair that could affect the waveform.
5.5.3 1 GHz oscilloscope correlation with high bandwidth oscilloscope

During the first acceptance testing, the tester manufacturer shall usefa-high bandwidth
osci|loscope as specified in 4.2.3.1 for initial waveform capture. If the test site only has a 1 [GHz
oscilloscope as specified in 4.2.4.1, the tester manufacturer and end wuser shall confirm using
apprjopriate bandwidth filtering techniques and comparison with the @scilloscope from the tgster
manfufacturer that the user’s oscilloscope measures tester waveforms as defined in Table |l for
quaifterly and routine waveform acceptance.

NOTE The Bessel-Thomson software filter option on many oscilloscopes\is a-recommended suitable high-bandwidth
waveform filter as it aligns well with actual 1 GHz oscilloscope datas

Oscllloscope correlation verification shall be repeated if the test site changes 1 [GHz
osci|loscopes.

5.6 | CDM tester quarterly and routine wavéform verification procedure

5.6. Quarterly waveform verification procedure

125]to 1000 in Table 1 using the ¥+ GHz oscilloscope as specified in 4.2.4.1 or Table 2 using
the high-bandwidth oscilloscope' as specified in 4.2.3.1. Both verification modules shall be
chegked at positive and négative polarities. Recommendation is to use the high bandwidth
oscilloscope if the option exists. Refer to Annex H for example flowcharts of the procedurgs.

Perfprm the setup and waveform capture steps as described in 5.3 and 5.5 under test condiqions

If logal site test voltage ranges will always be narrower than the range above (for example|test
conditions 125 tov500), it is permissible to perform the qualification within that narrower rapge.

Tester waveform verification shall be performed at least once per quarter.

5.6. Routine waveform verification procedure

5.6.2.1 General

Perform the setup and waveform capture steps as described in 5.3 and 5.5 under test condition
500 in Table 1 (1 GHz oscilloscope) or Table 2 (high-bandwidth oscilloscope) for both positive
and negative polarities using the verification module that most closely corresponds to the size
package that will be tested. Refer to Annex H for example flowcharts of the procedures.

5.6.2.2 Routine verification frequency

Initially, upon tester qualification or requalification, routine waveform verification should be
completed at least once per shift. If CDM stress testing is performed on consecutive shifts,
waveform checks at the end of one shift may also serve as the initial check for the following
shift.
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Longer periods between routine waveform checks may be used if no changes in waveforms are
observed for several consecutive checks. The test frequency and method chosen shall be
documented. If, at any time, the waveforms no longer meet the specified limits, all ESD stress
test data collected subsequent to the previous satisfactory waveform check shall be marked
invalid and shall not be used for classification.

5.7 Waveform characteristics

The waveforms shall appear as shown in Figure 2 for both the positive polarity and its inverse
for the negatlve polarity. The average waveform parameters (mcludlng 1 ) as gathered by the
] ) [ for
a hijgh- bandwrdth oscrlloscope If a high- bandwrdth oscnloscope is used for qual|f|ca ion,
quaiterly and routine waveform verifications, the 1 GHz requirements need not be considered.

Table 1 — CDM waveform characteristics for a 1 GHz bandwidth oscilloscope

1 (_;Hz BW Test condition
oscilloscope
TC 125 TC 250 TC 500 TC750 TC 1 00p
V?::)'gjltéon Sym. Small | Large | Small | Large | Small Large Small Large Small | Lgrge
Pegk current |, | 1,0to | 1,9t0 | 21to [ 4,210 | 4410 | 9440 6610 | 13710 | 8810 | P
(A) P 1,6 3,2 3,1 6,3 5,9 123 8,9 185 | 119 | b
R S(‘;S“)me T.t. | <350 | <450 | <350 | <450 | <350%| <450 | <350 | <450 | <350 | < W50
Full width at 325 | 500 | 325 | 500 325 325 325 | 500
half FWHM |t to 1 t to 1 t 500to | 500to | th 1
miaximum ° ° ° ° ° 1000 ° 1 000 °
(0%) 725 | 000 | 725 | QOo | 725 725 725 000
Undershoot s <70 <50 <70 <50 <70 <50 % <70 <50 % <70 <450
(A, ?eaaxk)znd p2 Wiy | %I, | %G | %I | %I I % I I i, | A1

Table 2 - CDM waveform-characteristics for a high-bandwidth (2 6 GHz) oscilloscope

>
- G.GHZ BW Test condition
oscilloscope
TC 125 TC 250 TC 500 TC 750 TC 1 00p
Verrllggsltleon Sym. Small | Large | Small | Large | Small Large | Small | Large | Small | Lgrge
Pedk Curent |, | 14to [ 2310 | 29to [ 4810 |61t | 103 | 9210 [155t0 | &2 | 2P0
(&) P 23 | 38 | 43 | 73 | 83 | 10139 | 124 | 209 | o5 | obg
R S(‘;S“)me .1, | <250 | <350 | <250 | <350 | <250 | <350 | <250 | <350 | <250 | <350
Full width at
half 250 | 450 | 250 | 450 | 250 | ..o | 250 | .0, | 250 | 450
maximum FWHM to to to to to 900 to 900 to to
(0%) 600 | 900 | 600 | 900 | 600 600 600 900
Undershoot s <70 | <50 | <70 | <50 | <70 | <50% | <70 | <50% | <70 | <50
(A, ?ea;k)znd p2 %l | %I, | %I | %Il | %I L %I, 1, %, | %I,

NOTE The voltages of the test conditions 125 to 1000 producing the specified peak current ranges are adjusted
from previous classification test voltages of 125 V, 250 V, 500 V, 750 V and 1000 V, respectively. Annex D describes
this relationship between such voltages and ferrite-free tester set voltages. Tester adjusted field plate voltages to
achieve these current ranges for the ferrite-free tester platform in this document can vary somewhat between testers.
Annex H describes two voltage adjustment methods.
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Figure 2 — CDM characteristic waveform and parameters
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Retgin the waveform records for tester qualification~according to internal company policy| For
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5.9.
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5.9.

a)

b)

c)

d)

e)

¢r requalification, quarterly waveform verification and routine waveform verification, keep
records until the next set of waveforms are’collected, or according to internal company

gy.
Procedure for evaluating full CDM tester charging of a device

As defined in 4.1.5, the charging resistor should nominally be 100 MQ or greater. If the
gtor is too large, an added charging delay may be necessary to fully charge the devicqg. To
rmine if an added delay is needed, follow the procedure in 5.9.2.

Using the large.verification module, follow the procedure below.

et the field plate.voltage at +250 V (any voltage can be used as the objective is to mohitor
p)-

ith the pfe--and post-charge delay both set to 0 ms, collect 10 waveforms and record the
o from each. Calculate the average I, of the waveforms.

ith\the pre-charge delay set to 500 ms (and post-charge delay remaining at 0 ms), cqllect
ten'waveforms, record the /,, from each. Calculate their average /, of the waveforms.

Compare the average Iy value from the 0 ms charge delay and the 500 ms charge delay. If
the average /, is the same for both measurements, then a device of the same or lower
capacitance as the large verification module are receiving a full charge. If the average I

with 0 ms charge delay and 500 ms charge delay do not match, refer to the informative
Annex | for a procedure to determine the appropriate default charge delay to add to the
system.

Even if the two average Iy values above match, very large packaged devices (larger

capacitance than the large verification module) may still require a delay in order to receive
a full charge. Since device package technologies vary widely, there are no exact dimensions
for how a particular package I, may compare to the large verification module Iy for the

evaluation described above.
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f) To determine if a very large packaged device may still require a charge delay, steps a) to
d) above can be repeated using the ground pin of a device. If the average I, with 0 ms

charge delay and 500 ms charge delay do not match, refer to the informative Annex | for a
procedure to determine the appropriate charge delay.

In addition, where CDM testers have moving parts, care should be taken by personnel to avoid
contact with these moving parts during operation.

6 CDM ESD testing requirements and procedures

6.1 | Device-handling Tester and device preparation

Dev|ces used for CDM stressing shall not have been used for any prior stress tests.

ESDO damage prevention procedures shall be used before, during, and afterf\CDM and post
pargmetric testing.

Dev|ces shall be clean before testing. If needed, cleaning should be completed in complignce
with|company-approved procedures.

NOTE Isopropanol (isopropyl alcohol) is typically used for cleaning.

The|CDM tester probe and field plate / dielectric shall be cléan and dry before testing. Cleaping
may|be performed periodically or based on waveform aeceptance using isopropanol (isopropyl
alcohol) with a minimum isopropanol percentage of 78~.

6.2 | Test requirements
6.2. Test temperature and humidity

The|test shall be carried out at room temperature. Humidity at the test head should not exgeed
30 % RH. Heating or cooling the device during CDM testing is not intended.

Theltester should be placed in ah.-environment where the temperature is at room temperature.

NOTE Waveform repeatability is strongly dependent on moisture content of the air and having a low relative hurpidity
will rgsult in a more stable waveform.

6.2.2 Device test
6.2.2.1 Pre-stress testing

Priof to ESD stressing, complete static and dynamic testing shall be performed on all submjtted
devipes.Parametric and functional results shall be within the limits specified in the datasheet
pargmeters.

6.2.2.2 Failure criteria

Following ESD stressing, complete static and dynamic testing shall be performed on all stressed
devices. A device is considered to have failed if parametric and functional test results are not
within the limits specified in the datasheet parameters. A failure may be discounted if proven
by failure analysis that it is not CDM—ESD related.

NOTE 1 A change in static leakage (e.g., pin leakage, standby current) is not an adequate criterion to determine
pass/fail. It can serve as an indicator for the onset of damage.

NOTE 2 If testing is to be done at multiple temperatures, perform the test first at the lowest temperature, followed
by increasing the temperature in sequence (e.g. —-40 °C, +25 °C, +85 °C).
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6.3

Test procedures

The test procedures are as follows.

a) Unless otherwise specified, obtain a minimum of three samples that have been verified to

b)

For

disc

meet their data specifications.

CDM testing should begin at the lowest level in Table 3, but may begin at any level.

However, if the initial voltage level is higher than the lowest level in Table 3 and the de

vice

fails at the initial voltage, testing shall be restarted with three fresh devices at the next lower

level.

Eoreach rln\/lr\n gr\nl\/ at least one r\nelh\/a and one nnnah\ln rhcr\hgrnn toecach r\ln
1 o

llow

D

nough time (as speC|f|ed in 5.9) between discharges for the device to reach the full
oltage level. Stresses may be partitioned by polarity, using a sample size of at Jeast t
nits per polarity. Pins may also be partitioned into one or more sets of samples;.prov|
that each pin of the device is a member of at least one set. Each set shall havea minir
gf three units.

—

the field-induced charging method, there are two possible procedufes’for charging

test
hree
ded
num

and

narging the device: single and dual. Both procedures produce equiyalent results. These
progedures are described in the informative Annex G.

6.4 | CDM test recording / reporting guidelines
6.4. CDM test recording
The|CDM testing procedure for a particular product-shall be recorded and stored per ¢ach

company’s data retention procedure. Information regarding tester waveform parameters sh

be

recording.

6.4.

Pro

available in the product reliability report.

For

protected area, it is highly recommended that publicly available product datasheets report (
clasgifications.

6.5

Inte

In t

gdvailable upon request; refer to Clause H.3 for more information on waveform param

? CDM Reporting Guidelines

dquct CDM test results (including\package information) shall be reported and be n

purposes of ensuring safe¢’ handling information for manufacturing control in an

Testing of Deyices in Small Packages

ould
eter

ade

ESD
LDM

jrated cireUits and discrete semiconductors (ICDS) in very small packages are very diffficult
to tgst for CDM"and seldom fail CDM testing due to their small capacitance. It is not possib
spegify a-patkage dimension below which CDM testing is not needed as different technolog
desiprystyles, and protection strategies have different susceptibilities to charged device eve

e to
jies,
nts.

Henabsence of other information, all ICDS shall be tested. However, Annex C define

b an

optional procedure for establishing an integrated circuit capacitance Cg,, for a specific
technology and design flow. For devices with capacitance below Cgp,5,, CDM testing is no
longer required. ICDS with capacitance below Cg,,, and which satisfy the requirements of

Annex C shall be considered to have a CDM passing level of TC 750 (Classification Level C2b
in Table 3).
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7 CDM classification criteria

ESD sensitive (ESDS) devices are classified according to the test procedure described in this
document. CDM test results are specific to the particular package type used. The device
classification is the highest ESD stress voltage level (both positive and negative polarities) at
which a sample of at least three devices has passed full static and dynamic testing as per data
sheet parameters following ESD testing. The CDM ESDS device classification levels are
presented in Table 3.

Table 3 — CDM ESDS device classification levels

I
CILssification level 2 Classification test condition (in volts) P

Co0a <125

COb 125 to < 250

C1 250 to < 500

C2a 500 to < 750

C2b 750 to < 1 000

C3 21000°

a8 PDse the "C" prefix to indicate a CDM classification level.

b Irhe Classification Test Condition is not equivalent to the actual set.voltage of the tester. See 5.6.1 [and
Annex H for further details.

¢ For test conditions above 1 000 V, depending on geometry of the device package, corona effects can limif the
hctual pre-discharge voltage and discharge current.
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Annex A
(normative)

Verification module (metal disc) specifications and cleaning
guidelines for verification modules and testers

A.1 Tester verification modules and field plate dielectric

The verification modules (metal discs) shall be made of brass, plated with nickel or gold/nickel,

dim
manjufacturer or user.

andlmay optionally have a gold flash coating over the nickel. They shall be manufacturedi\tq the
nsions specified in Table A.1 and shall be verified once before the initial use by eithef the

Caution shall be exercised during the manufacture of the discs so that they arg,free from burrs.

If the perimeter of the disc has burrs, arcing may occur which may alter the-results.

Thelfield plate dielectric is chosen (see 4.1.4) to result in a capacitance measurement in the

range specified in Table A.1.

Table A.1 — Specification for CDM tester verification\modules (metal discs)

Disk

Small

Large

Diameter mm (inches)

8,89 + 0,127 (0,350 +,0,005)

25,4 + 0,127 (1,000 + 0,005

Thickness mm (inches)

1,27 + 0,05 (0,05 %/0,002)

1,27 + 0,05 (0,050 + 0,002)

$urface flatness variation mm
(inches)

< 0,1270,005)

< 0,127 (0,005)

Capacitance at 1 MHz (pF)

6,85 %

55+£5%

A.2| Care of verification modules

To gvoid charge loss in verification modules during charged device model (CDM) evaluation,
the Verification modules should be cleaned using isopropanol (isopropyl alcohol, IPA) swabs
for gbout 20 s as approved by the local safety organization, and dried in a moderate air stream
to prevent charge leakage during test operation. Verification modules should be handled sp as

to mlaintain cleanliness.

The|capacitance of the small and large verification modules (metal discs) shall be measpred
accqrding<to.the procedure in Annex B, and shall conform to the values specified in Table |A.1.

The tester should be cleaned periodically with isopropanol to remove any surface contaminagtion

that could result in charge loss. Particular attention should be paid to the discharge probe and
field plate dielectric on which the device is placed.

Cleaning with isopropyl alcohol swabs can leave the surface moist for some period of time after
the cleaning. The moisture can provide an unintended leakage path if present during the test.
It is important to dry all surfaces after cleaning either by allowing sufficient time for the surfaces
to dry or using forced air flow to evaporate the moisture.
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Annex B
(normative)

Capacitance measurement of verification modules (metal discs)

sitting on a tester field plate dielectric

a) The capacitance of the verification modules shall be measured in-situ (inside the CDM
simulator), but can also be measured outside of the CDM simulator as guidance.

b) The small verification module is placed on the dielectric layer which is in direct contact with

f
f
[
c)

;
d) (
f
|
)
[«

e) F

NOTE

prevd
a seg
The {

Itis

e surface of the grounded metallic field plate. Ensure there is no air space between the

5 held in place against the field plate dielectric.

Ensure the capacitance meter is "zeroed out" prior to measurement.

f the verification module shall be within the value specified in.Table A.1.
Repeat steps a) to d) using the large verification module on‘the dielectric.

econd reading is subtracted from the first to result in the true"measured value.

recommended to use a meter with "guarded leads".

hodule and the dielectric layer, and also no air space between the dielectric layer ahd the
hetallic field plate. It is recommended that vacuum be used to ensure the verification module

Connect the two leads from the capacitance meter (CP) as follows: One metallic lead/cable
rom the CP is connected to an exposed point on the field plate. The second mefallic
pad/cable from the CP is connected to the top of the verification madule (in the cenfre).
lleasure the capacitance of the module to the grounded field plate.<The capacitance vplue

Placement of the CP meter leads can cause changes in the measured capacitance. One-recommdnded
ntive technique for each verification module is to take a first measurement as outlined in item d)and then take
ond measurement with the verification module lead/cable just@bove, but not touching, the verification mddule.
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Annex C
(normative)

Testing of small package integrated circuits
and discrete semiconductors (ICDS)

C.1 Testing rationale

This annex describes a procedure for setting a capacitance limit C.,,.;, below which small
package integrated circuits and discrete semiconductors no longer need to be tested fQ@DM.

ICD$ in very small packages are very difficult to test, due to the challenge of han simall
devipes. Very small ICDS also have very low capacitance to surroundings, incl dyring
CDN testing. With a small capacitance very little charge is transferred during M eyent,

either in a factory environment or during CDM testing. Small package ICDS }-@ fore seldom

fail gduring CDM testing. This does not, however, mean that there is no EDM risk for gmall

package ICDS. The charge transferred during a small package CDM even be small buf the

peak currents remain high, usually over an amp since the RLC equivale@’lrcuit of a CDM ejvent
e

results in a very narrow, but still high current pulse. It is very difficultth t a minimum package
dimansion or capacitance for CDM testing because CDM failure le depend on a wide vafiety
of variables, including those listed below.

— ¢apacitance between the ICDS and the field plate s\\<</
O

4 advanced low voltage technologies have thj &e oxides with low breakdown volfage
and can be more susceptible to CDM dam@ without a proper protection scheme

— the technology used to fabricate the device

4 high voltage technologies have diffusiorfs\\}/hich can be subject to CDM damage
— KESD protection circuits used in the dev@g

— (deneral ESD protection strategy us SS

— design style used to design the de’m‘ce

— thoroughness of ESD design rﬁ@ checks

— package type which canci)@ence inductance in the CDM current path

C.2| Procedure fo@fetermining Cemall

O

Thelfollowing progeddre can be used to determine a limit, Cy,,,5, at and below which CDM tegting
is ngt require@\ particular integrated circuit technology:

- 7T uirements for circuits to be considered from the same technology are given in ¢.3

— Megsurethe capacitance between each {CDS Substrate, usuaty the ground pim, and the
CDM tester’s field plate when the ICDS is in the position for CDM testing, using the
procedure in Annex B for measuring the capacitance of the verification modules.

- (::ﬁ least 5 ICDS designs from a technology, with varying package sizes

Packages shall be at least 4 times the size of the vacuum hole in the dielectric layer or the
metal field plate, whichever is larger. If the package is less than 4 times the size of the vacuum
hole a test fixture which holds the package against the dielectric is used. At this time, there is
no universally recognized method for testing CDM capability on packages that are less than 4
times the size of the vacuum holes. Techniques including mechanical methods for holding the
package made of FR4 with the package not over vacuum holes, or packaging die in a different
package, have been used.
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A separate test fixture can be used for measuring the capacitance if it uses the same

thickness and material for the field plate dielectric layer as the CDM tester.

Perform CDM testing at TC 1 000 for 3 samples in accordance with 6.3c) for each of the

5 ICDS designs.

The ICDS capacitance, at which all ICDS with that capacitance and lower all pass CDM TC

1000, is C

small*

To ensure there is no air space between the integrated circuit and the dielectric layer, and also
no air space between the dielectric layer and the metallic field plate, the use of vacuum is
recommended.

ICD$ with substrate to CDM tester field plate capacitance equal to or less than Cg, ”\Ac
need to be tested for CDM if the following conditions are met: Q~

C.3| ICDS Technology requirements 6\

ICD$ are considered to be from the same technoloa@ghe following conditions are met:

The ICDS has passed HBM according to requirements of the technology. T)@Q@icates
é¢xpected protection circuit is present.

The ICDS uses the same technology, as defined in C.3, as used to de(ihfine C
7/

small-

nequirement shall be considered to have a CDM passing lev f TC 750 (Classificd
Level C3b). (b

\<</C)

the ICDS shall use the same wafer fabricatio\rg W.
all ICDS shall use the same ESD protecti@%ircuits and ESD design rules.

the procedures in Annex B. %)

¢alculated substrate to field sa\e capacitance can be used if the calculation procedure
Been verified with measu@ents using the procedures in Annex B.

31l ICDS shall have their substrate tg&M tester field plate capacitance measured using

not

the

IICDS devices not tested because their capacitance is below C &%nd satisfy the alpove

tion

\
4 separate test fixture which si Tétes the CDM tester field plate and dielectric can be ulsed.

has
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Annex D
(informative)

CDM test hardware and metrology improvements

The goal of this document is to reduce duplication of effort and confusion by developing a single
agreed standard, correcting deficiencies in previous CDM standards whilst maintaining similar
stress levels as those previous standards. This required significant hardware and metrology
changes to arrive at an improved joint standard. This informative annex describes the
motivations for these updates.

The|major changes in this test method are listed below.

$ome details of the required waveforms have been modified to better match the high-
frequency behaviour of CDM events.
:
[

'he test method now requires that the test head not include ferrites.‘@5 other circui{s to
nodify the high-frequency behaviour of the CDM pulse.

[he test method now requires that tester qualification and requalification be performed|with
6 GHz or faster oscilloscope, and recommends the use of 6-GHz or faster oscilloscgpes
pr quarterly and regular tester verification if a fast oscilloscepe”is available.

exibility in the field plate voltage settings to arrive at the required peak currents.

[he specification of test levels by voltage has beendeplaced by a series of test condiffions

:
f

e The tester qualification and verification procedures have been modified to give rore
f

i

which are related to the previous voltage levels,

Whgn the original CDM test method was developéd in the late 1980s, single-shot oscilloscopes
with|1 GHz and higher bandwidths were expensive, not readily available and less capable than
those available today. The result was thaf{the original waveforms used to develop previous
standards had a wider half-width thani\was characteristic of the actual CDM event| As
meajsurement capability improved and-the high frequency behaviour of test heads was improved,
tester manufacturers found the peak width at half-height was narrower than allowed previolsly.
In ofder to meet the peak width athalf-height, ferrite beads were often added to the test head
to bring the current waveforms»into compliance. When oscilloscopes in the 4 GHz to 8 GHz
range become readily available, it was found that the ferrite beads, which simply broadened the
peak width when measured-with a 1 GHz oscilloscope, created undesirable high-frequgncy
harmonics with undesitable consequences. A primary goal in the development of this document
was|to remove the (ferrite beads from the CDM test heads and to modify the waveform
requirements to allow this change.

The|1 GHz oscilloscope specified previously is only marginally fast enough to capture ¢DM
events and.significantly reduces the measured peak current of the captured waveforms,
gcially for the small verification module and small integrated circuits. Accurate peak cufrent
urements require the use of a measurement chain with 6 GHz or higher bandwidth,|and

w—fetn afaara—tretree 2 SerHFErReR er—GBM—tester—eauatifieation—A GHz
oscilloscope was considered adequate for routine waveform verification, and that option is still
available in the new standard, although the higher bandwidth oscilloscope is recommended if it
is available.

The increased flexibility between the required peak current values and the field plate voltage to
produce the peak current has been implemented for two reasons: to better match current
practice, and to achieve similar stress levels as the legacy standards.
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Previous standards specified the CDM tester geometry, as well as the required waveforms at
specified field plate voltages. CDM tester manufacturers quickly found that it was often
impossible to obtain the required peak current values with the required geometry and the
specified field plate voltage. The manufacturers introduced adjustments to the field plate
voltage so that the required waveforms were obtained when the specified voltage was selected
in the CDM tester software. This adjustment was reasonable since it is known that it is peak
current, not field plate voltage, which damages integrated circuits. The result was that when an
integrated circuit passed 500 V, the field plate voltage was often considerably different than
500 V, but the intended current pulse was in fact applied to the device under test.

The removal of the ferrite beads, and the extra impedance which the beads produced, has
resulted in higher peak currents than were present in legacy test methods for the same field
plat¢ voltage and tester geometry. This creates a second reason to give more flexibijlity,in the
setting of the field plate voltage to obtain the required peak currents. Since CDM failure|is a
res%t of the peak current during the CDM event, it is therefore more important-that diffgrent

CDM testers create the same peak current for specified test conditions rather thanthat the field
plate voltages are the same. For this reason, the test voltages specified in the learlier standard
CDM documents have been replaced by a series of test conditions produ¢ing peak currents
similar to those at the specified voltages in recent previous standards.
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Annex E
(informative)

CDM tester electrical schematic

Figure E.1 represents an electrical model of a CDM tester setup. CDUT is the capacitance
between the DUT and the field plate, CDG is the capacitance between the DUT and the ground
plane, and CFG is the capacitance between the field plate and the ground plane. The 1 Q
resistance between the pogo pin and the ground plane may be the parallel combination of the
resistive probe and the coaxial cable/oscilloscope impedance as described above. The
resigtance of the spark which forms between the pogo pin and the DUT is assumed tq be a
variable resistance. The inductance of the pogo pin and spark are lumped together as\a/ ingle
indufctor.

1 Q effective resistance (19

Pogo pin and
spark inductance

Spark

Charging

9%

@ IEC

Pogo pin and
spark inductanci

Charging
-‘-I CDUT

I . ——— = —
>

Figure E.1 — Simplitied CDM tester electrical schematic
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Annex F
(informative)

Sample oscilloscope setup and waveform

F.1 General

The following setup examples are based on measurements of a TC 500 waveform usinga 1 GHz
and 8 GHz oscilloscope. Other oscilloscopes will have different settings, but this annex should
provfide basic guidelnes that can be used on MoSt OSCINNOSCOpPES.

F.2| Settings for the 1 GHz bandwidth oscilloscope

Vertical 200 mV/division (small verification module) or 200 mV//division (lafge
verification module)

Tinpebase 400 ps/division

Trigger 300 mV small verification module or 400 mV larg€\verification module

Impedance 50 Q

Thege settings are for an oscilloscope for which the attentation correction could not be made.

F.3| Settings for the high-bandwidth oscilloscope

Vettical 2 V/division (small verification module) or 2 V/division (large verificafion
module)

Tinpebase 400 ps/division

Trigger 3 V small verification module or 4 V large verification module

Impedance 50 Q

Thesge settings are for an oscilloscope for which the attenuation correction was made in the
oscilloscope software:

F.4| Setup

Attarh the 20 dB attenuator to the oscilloscope. Attach the cable to the end of the attenyator
and ftosthe’voltage output of the CDM tester.

NOTE The 20 dB attenuator is a 10x attenuator. If the oscilloscope does not automatically compensate for this, the
measurements need to be multiplied by 10 to get the correct reading (e.g. from the small—coin—below
verification module used in figure F.1, 532 mV = 5,32 A peak current).

F.5 Sample waveforms from a 1 GHz oscilloscope

Sample waveforms from a 1 GHz oscilloscope are illustrated in Figure F.1 and Figure F.2.
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Tek run: 5,00 GS/s Sample
o 17197 :

Figure F.1 —1 GHz TC 500, small-verification module

Tek run: 5,00 GS/s Sample m
sl U AT, 6 & Wi |

1088V
@: 1068V

@i 200 mva

" M 400ps Chi £ 340mV

. ll:;C
Figure F.2 — 1 GHz TC 500, large verification module

F.6 Sample waveforms from an 8 GHz oscilloscope

Sample waveforms from an 8 GHz oscilloscope are illustrated in Figure F.3 and Figure F.4.
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Curs1Y Pos (a)
-92mV

Curs2Y Pos (b}
7,95V

-j' 3,68V ! /dlv 25,0 GS/s IT 2,0 ps/pt

HI Res 1
10 acgs RL: 2,0 k

IEC

Figure F.3 — 8 GHz TC 500, small verifica on module
(oscilloscope adjusts for att ation)

Curs1Y Pos i
-92mV

! ! | I} i

a v
e S

Curs2 Y Pos (b}
10,51V E

YR [ IS N RN [ LM ST i Y4, NEE (AR | LS I (NS

&

- 2,0 V/le\\GJ Q By:80G ] Wi 9.2mv -j 3,68V 400 ps/dlv 25,0 GS/s IT 2,0 gs/pt

Q2w 10506V Run HI Res 1
QA 10515V 10 acgs RL: 2,0k
Auto

IEC

Figure F.4 — GHz TC 500, large verification module
(oscilloscope adjusts for attenuation)


https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC

G.1

60749-28:2022 RLV © IEC 2022 -31-

Annex G
(informative)

Field-induced CDM tester discharge procedures

General

Annex G describes the two types of discharge procedures used in field-induced CDM test

equi

pment.

G.2

The
usin
illus
a) R
b) T
c)
d)

e)

g) H

Single discharge procedure

single positive and single negative discharges can be applied with two individual discha
g this sequence of steps producing the sequence of charging/discharnging eventg
rated in Figure G.1.

Place the uncharged DUT on the field plate and align it.

[he field voltage is established by raising the voltage on thg'\field plate to the spec
tress level.

[he first discharge is made by lowering the pogo pin to the, DUT (see Figure G.1).

[he pogo pin continues to descend until it makes physical contact with the device pin u
est (PUT) to ensure full charge transfer and to provide a conduction path to ground.

emoves the charge that was transferred to the)DUT during the first CDM discharge.

[he pogo pin is returned to its starting (separated) position (see Figure G.1) beforg
oltage of the same or opposite polafity is applied to the field plate for subseq
ischarges.

Repeat for each pin to be tested.
S A
o
o
Qg_’ lDown Up
I_ =N\
KFlELD PLATE J N < e —
Iecom r _T>
Ime

Field plate (Vg p pLaTe dashed line) at High Voltage (+)
before DUT is contacted by pogo pin, and at Zero before

raising the pogo pin IEC

rges
b as

ified

hder

'hen the voltage on the field plate is slowly (resistively) returned to zero, which complgtely

the
Lent

G.3

Figure G.1 — Single discharge procedure
(field charging, Icpy Pulse, and slow discharge)

Dual discharge procedure

The single positive and single negative discharges can be applied with one pair of alternating

pola

rity discharges using this sequence of steps producing the sequence

charging/discharging events as illustrated in Figure G.2.

a) Place the uncharged DUT on the field plate and align it.

of

b) The field voltage for the positive stress is established by raising the voltage on the field
plate to the specified stress level.
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The first discharge is made by lowering the pogo pin to the DUT (see Figure G.2).

The pogo pin continues to descend until it makes physical contact with the DUT. This is to
ensure full charge transfer and to provide a conduction path to ground.

The pogo pin is returned to its starting separated position (see Figure G.2), leaving the
device with a net charge.

The voltage on the field plate is slowly (resistively) returned to zero, which completely
removes the charge on the field plate. The DUT will still have a net charge.

The pogo pin is lowered (the second down arrow to the right in Figure G.2) a second time
for the second discharge, which will be of opposite polarity and the same magnitude.

Repeat for each pin to be tested.
S A
o
o
D
DO_ Down
Tup Down
- —— o ——
: |
VEIELD PLATE J — g vy
Icpm —

Field plate (Vg g p pLaTE dashed line) at High Voltage (+)
when DUT is first contacted by pogo pin, and at Zero

when contacted the second time.
IEC

Figure G.2 — Dual discharge procedure
(field charging, 15t I.py pulse;no field, 2"9 7.5\ pulse)
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Annex H
(informative)

Waveform verification procedures

H.1 Factor/offset adjustment method

This procedure aligns the tester for direct software voltage input of the test condition for the full
alignment range. This method may not allow for alignment of each test condition with the target

mid{range o pass own Iin Table T or Table Z, but It IS the easiest 10 use In a lab environment

with| multiple testers, as the software voltage entered matches the test condition target’level
and |does not require linear interpolation/extrapolation for test conditions other than—the|five
levels listed in Table 1 or Table 2.

The|requirements/details of this method are as follows:

— a single factor/offset is used across the entire test condition range;

— g different factor/offset can be used for each polarity;

— the same factor/offset shall be used for both large and small verification modules.
Figure H.1 below depicts the waveform verification flow for‘qualification/re-qualification|and

quaiterly checks, while Figure H.2 shows the flow for routine verifications. Table H.1 shows an
example of the data that should be recorded.



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

— 34—

Qualification/quarterly flow

IEC 60749-28:2022 RLV © IEC

Record I, #, FWMH and Ip2
for each TC condition as well
as the final Factor/offset for

Start with the TC END
500 test condition each polarity using a table
similar to that shown in
Y 3}
Place the large or Aves
small verification
moduleton the [
system Does polarities been
I No avg I, fall within : completed?
; the range as defined in
Set to either
e Table 1 or 2? A Y
positive or > See Note 3 es
ne.gaji\/p
polarity Have
A both large and
Y - Y small verification
e | Adtefader |/ Rucrd e No \.__modulesbeen
Software voltage - g€ o, completed?
TC 500 = 500 V) system. tr, FWMH
See Note 2 and I,
A A ves
Y
Align the ground Using either the single or N
pin to the dual discharge method, Has TC 1,000
verification discharge and record 10 been capturediet?
module consecutive waveforms or No change in the
using the appropriate factorfoffset?
Y oscilloscope
Usirlg either the single or i
dudl discharge method, X/ y No
dis arge and record 10 AIign_the ground o
cornsecutive waveforms pin to the S o e S,
uging the appropriate verification (TC 1000 = 1 OC?O V)
oscilloscope module
\J ‘4 - :
. L
Record the Adjust the factor/ Input the » Input the Input the
average I, Offset of the software voltage software voltage software voltage
fr, FWMH system. (TC 125 = 125.V) (TC 250 = 250 V) (TC 750 = 750 V)
and In2 See Note 2
A A A A
No No &% No No
<
Does avg I fall in Has TC 125 Has TC 250 Has TC 750
= the mid-range of I, as been captured yet? Y been captured yet? - been captured yet?
defined in Table 1 or 2? " yq+_ (y0r No change in the Yes or No change in the " yq . or No change in the
See Note 1 factor/offset? factor/offset? factor/offset?

Figure H.1.= An example of a waveform verification flow for qualification
and-quarterly checks using the factor/offset adjustment method

2022

Yes

IEC
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Routine Use the TC 500
flow test condition

\J
Place the large or
small verification
module on the
system

Y
Set to either
positive or
negative
polarity

\J

Input the
software voltage
(TC 500 =500 V)

Y
Align the ground
pin to the
verification
module

\J
Using either the single or
dual discharge method,
discharge and record 10
consecutive waveforms
using the appropriate
oscilloscope
' \
Record the
average I,
tr, FWMH
and I,

\J

Does avg |,
Refer to flow in No fall in ~ the range
Figure H.1 - of I, as defined;in Table
1 or 27,

v Yes
No

N

Record Ip, 1, FWMH and 1

\ Have both large Yes Have both Yes for each TC condition as we
= and small verification modules »_ polarities been » as the final Factor/offset fg
been completed? completed? each polarity using a tabl¢

similar to that shown in H.

= =

\J

No
End

IEC

Figure H.2 — An example of a waveform verification flow for the routine checks
using the factor/offset adjustment method

NOTE 1 Targeting to the mid-range of TC 500 is a starting point for adjustment of the field plate voltage. Based on
the results of the other test conditions (TC 125/250/750/1000) the Iyeak CAN end up higher or lower than the mid-

range value on TC 500. As shown in Figure H.3, adjustments in the factor/offset can shift the Ipeak higher or lower.

NOTE 2 To properly calibrate systems, tester manufacturers have implemented a secondary "adjustment"
parameter as an offset from the software voltage setting, either represented as a voltage "multiplier" value or a
percentage "offset" value which modifies the field plate voltage. The tester manufacturer can be consulted for more
detail.
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After several iterations through this loop, if the user finds they cannot meet the Ipeak Fange as

defined in Table 1 or Table 2 or the factor/offset is outside the typical documented range, the
verification modules and ground pin can be cleaned and all connections checked for tightness.
If this still does not work, the system vacuum can be checked or the ground pin replaced. The
tester manufacturer can be contacted for more information.

\ Ipeak Avg large slug

Y peak (A)
w
o

Factor >1

I increases
25

H.2

This
will

adju
of th
dete
soft
this

Factor <1
reduces
) /
15 /
10
X “Avg I
g ~= Linear (Avg Ip)
5 /

0 r ; ; ; . ; ; ; ; [
0 125 250 375 500 625 750 875 1000 1125

Software voltage
IEC

Figure H.3 — Example of average I, for the large verification module -
high bandwidth oscilloscope

Software voltage adjustment method

procedure does not adjust the factor/offset but leaves the factor/offset with a value
not impact the field\\plate voltage and uses the software voltage entry as the prir
stment of the field plate voltage. This method will allow for a much more accurate targd
e midpoint of \the I, range as defined in Table 1 or Table 2, but creates complexi

vare voltage entries, other than the five test condition levels, (which will be determine
procedure) will require linear interpolation/extrapolation.

The

that
nary
ting
y in

rmining the“correct software voltage entry between the five test conditions. Determining

din

requirements/details of this method are as follows:

— aunique software voltage setting is determined for each test condition;

— unique voltage settings may be used for each polarity (at each test condition);

— the same software voltage setting shall be used for both large and small verification modules
at each test condition;

— testing at levels other than the five test conditions will require a linear
interpolation/extrapolation to determine the correct software voltage entry.

Figure H.4 below depicts the waveform verification flow for qualification/re-qualification and
quarterly checks while Figure H.5 shows the flow for routine verifications. Table H.2 shows an
example of the data which should be recorded.
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Start with the TC

Qualification/quarterly flow

37—

Record Ip, t, FWMH and Ip2
for each TC condition as well
as the final sofware voltage

~ ’ : » END
500 test condition setting for each TC/polarity
T using a table similar to that
\ 4 shown in H.3
Place the large or Ayves
small verification | -
moduleton the No e
Sysel, Does polarities been
Y No avg I, fall within Yes completed?
Set to either ~ the mid-range as defined in
positive or le Table 10or2?2@ Aves
negative
polgrity Have
B Y Ra - . - o both large and
Inout an initial Record the small verification
N ¢ Adjust the software average I, No modules been
Eoftware voltage ;
voltage setting t., FWMH completed?
(TC 500) r
and I
v B i
Ensure factor Yes
offset set to 1/0
Y Using either the single or
: dual discharge method
Align th d ’
Iggin tz %r](;un discharge and record 10 Has TC-{ 000 been .
verification consecutive waveforms captuiced yet?
Tiealils using the appropriate -
. oscilloscope )
Y i
Usinyg either the single or No
dug discharge method, Y
dismarge_ and record 10 Align_ the ground { Input the
co$ecutlve wavef<_>rms >l pin to the <) software voltage
us|ng th_e appropriate verification I (TC 1.000)
oscilloscope module s
| PN
Record the Al o Input thef Input the Input the
average I, JUISt WD EOUTETS softwareVoltage software voltage software voltage
t,, FWMH voltage setting (TG 125) (TC 250) (TC 750)
and I,
A U1 A A
No Ne No No
Does avg I, fall in W
»~ ~the mid-range of Iyas ) «“ Has TC 125 been L Has TC 250 been Has TC 750 been
defined in Table Yes captured yet? Yes captured yet? Yes captured yet? Yes
1o0r2?
IEC
After several iterations through this loop, if the user finds they cannot meet the Ipeak range as defined in Tgble 1
of Table 2 jor‘that the software voltage setting is well outside the typical documented range, re-clean the
verification’'modules and ground pin and check that all connections are tight. If this still does not work, chedk the
system~vacuum or look at replacement of the ground pin. Consult the tester manufacturer for more information.

Figure H.4 — An example of a waveform verification flow for qualification

and quarterly checks using the software voltage adjustment method
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Routine

Use the TC 500
flow

test condition

Y
Place the large or
small verification
module on the
system
4
Set to either
positive or
negative
polarity

\J

Input the
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record software
voltage for TC 500

Y
Align the ground
pin to the
verification
module
\J
Using either the single or
dual discharge method,
discharge and record 10
consecutive waveforms
using the appropriate
oscilloscope

' \
Record the
average I,
tr, FWMH
and I,
A
Does avg |,
Lfer to flow in No fall in the range
Figure H.4 - of I, as defined;in Table
1 or 27
y Yes
No
Record Ip, t, FWMH and 1},
Have both large Have both Yes for the TC condition as welll
= and small verification modules »_ polarities been as the software voltage for
been completed? completed? each polarity using a tabl¢
similar to that shown in H.
No X
End
IEC
Figure H.5 — An example of a waveform verification flow for the routine
checks using the software voltage adjustment method
H.3

Example parameter recording tables

Table H.1 gives an example table of CDM qualification/quarterly verification waveform
parameters to be recorded for the factor/offset adjustment method.
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Table H.1 — Example waveform parameter recording table

for the factor/offset adjustment method

Tester — System # 1

Polarity = positive

Scope bandwidth = 8 GHz

Factor/offset final setting = 0,82

Module Date % RH | Test cond | Software Ip ave R Ave T,FWHM Ip, Ip,
size voltage AVG AVG

(A) (ps) (ps) (A) (% Ipq)

Large dd/m/yy X% TC 500 500 12,1 275 610 4,3 36 %
Tratt garmryy X% TC 500 500 7,30 85 7400 37 5T1%
Lprge dd/mlyy X % TC 125 125 2,90 283 611 1,1 38|%
Small dd/m/yy X% TC 125 125 1,90 201 395 1A 581|%
Lprge dd/mlyy X % TC 250 250 6,00 276 609 2,2 37|%
Small dd/m/yy X% TC 250 250 3,70 186 397 21 57 |%
Lprge dd/mlyy X % TC 750 750 18,30 274 611 7,2 39|%
Small dd/m/yy X% TC 750 750 11,00 190 398 6,1 55|%
Lprge dd/m/yy X% TC 1 000 1 000 24,40 276 612 9,2 38|%
gmall dd/m/yy X% TC 1 000 1 000 14,60 187 399 7,4 51|%

tob

Table H.2 — Example waveform parameter recording table
for the software-voltage adjustment method

Table H.2 gives an example of CDM qualificationy, quarterly verification waveform paramegters
recorded for the software voltage adjustment method.

Tester — System # 2

Pglarity = positive Scope-bandwidth = 8 GHz Factor/offset final setting = 1/0

Module Date % RH (" Test cond | Software I pve R AvVG ToFWHM Ip, I,
gize voltage AVG AVG

(A) (ps) (ps) (A) (% 454)

Lprge dd/m/yy X % TC 500 410 12,1 275 610 4,3 36|%
Small dd/miyy X % TC 500 410 7,30 185 400 3,7 51|%
Lprge dd/m/yy X % TC 125 105 2,90 283 611 1,1 38|%
Small dd/mlyy X % TC 125 105 1,90 201 395 1,1 58|%
Lprge dd/m/yy X % TC 250 205 6,00 276 609 2,2 371%
Small dd/mlyy X % TC 250 205 3,70 186 397 21 57 %
Large dd/m/yy X % TC 750 620 18,30 274 611 7,2 39 %
Small dd/mlyy X % TC 750 620 11,00 190 398 6,1 55 %
Large dd/m/yy X % TC 1 000 840 24,40 276 612 9,2 38 %
Small dd/m/yy X % TC 1 000 840 14,60 187 399 7,4 51 %
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Annex |
(informative)

Determining the appropriate charge delay
for full charging of a large module or device

General

Annex | describes the procedure for characterizing the charge delay on the CDM tester and

detgrmining the appropriate delay (for full charging) as either the default delay for the sy

(if th
for g

1.2

Follpw the procedure below to determine an appropriate charge delay,

Usin

a) 9
1

b)
g

c) Increase the pre-charge delay by 50 ms, colleet*10 waveforms, record the Iy from each,

d) (

g)

oL S - |

e initial large verification module checkout fails as described in 5.9) or the delay.requ
very large package device.

Procedure for charge delay determination

g the large verification module or the ground pin of a very large-package device:

bet the field plate voltage at +250 V (any voltage can be used as the objective is to mo
p)-
Vith the pre-/post-charge delay set to 0 ms, collect’10 waveforms and record the Iy
ach. Calculate the average /, of the waveforms:

alculate their average /.

Continue incrementing the delay by 50*ms (a larger or smaller step can be chosen)
ecord the average Iy until a minimum*of 500 ms charge delay.

Plot the results as shown in Figure I.1.

'he appropriate charge delay-results in a "saturation point" for Ip. As shown in Figurg
o for this example saturates at ~300 ms. Adding some guard band to this example w|

nsure that a pre-charge delay of 400 ms would be sufficient as either the default ch
elay on the system\\if the large verification module had been used) or as the requ
harge delay on (@ specific large package device if a large device had been used ag
ehicle for the data collection.

For most large devices, it is expected that 500 ms will be sufficient to reach a saturd
oint. However, if after 500 ms, a saturation point has not been reached, repeat stef
nd e)=until this occurs.

h) ILis important to note that longer delay times do not "overcharge" the device but would

tem
ired

hitor

from

and

and

1.1,
ould
arge

ired
the

tion
s d)

only

crease test time
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Annex J
(informative)

Electrostatic discharge (ESD) sensitivity testing direct
contact charged device model (DC-CDM)

NOTE The method identified in Annex J has not been shown to give results that correlate with results using the
hardware and field-induced method specified in the body of this document.

J.1

Ann
disc
elec

General

frostatic discharges. It is an alternative to the field-induced (FI) model.

This|test method is used to reproduce and evaluate the effect of the discharge of a device

This
that

to that expected in the final application.

This

J.2

Two
stan

test method is classified as destructive.

Standard test module

dard test modules, and are made of brass plated with nickel or gold/nickel and

optionally have a gold flash coating over the nickel.

The
bath
leak

using isopropanol for about+20 s and dried in a moderate air stream to prevent ch
pge during test operation.

Table J. 17— Dimensions of the standard test modules

Type(ofymodules Diameter Thickness
(mm) (mm)
Small 9,0+ 0,1 1,3+0,1
Large 25,5+ 0,2 1,3+0,1

bx J describes the direct contact charged device model (DC-CDM) for the electrosfatic
harge test method, which is used to evaluate the sensitivity of integrated, Circuits to

test method is for use on packaged devices. Where it is necessary'to evaluate compongnts
are shipped as wafers or bare chips, the components are assermbled into a package sirilar

types of the metal disks (listed in Table Ji1), one small and one large, are used ag the

may

standard test modules for the field-induced CDM simulator can be cleaned in an ultrasonic

hrge

J.3

Test equipment (CDM simulator)

J.3.1 Test equipment design

The test equipment should be designed on the basis of the test circuits described below and
should satisfy the verification conditions specified in Clause J.4.
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J.3.2 DUT (device under test) support

The DUT should be capable of being placed on an insulating sheet attached to a metal plate as
shown in Figure J.1. The metal plate should be of sufficiently wide area to contain the DUT and
should be able to maintain ground potential. The insulating sheet is 0,4 mm £ 0,04 mm in
thickness, relative permittivity 4,0 + 0,5 at 1 GHz, volume resistivity 1 x 105 Qm or more and
with a breakdown voltage higher than the test voltage. A glass epoxy material (e.g. FR-4) is in
the range of a relative permittivity of 4,0 £ 0,5 at 1 GHz.

J.3.3 Metal bar/board

The|metal bar/board is connected to ground potential. The shape of the metal bar/board]is a
column, a square pillar, a disc or a square board. The metal bar/board is connected tq the
groynd with a wire (connect the wire to the grounding connection on the housing of-the|test
equipment). The test equipment should meet the verification specified in Clause J,4 by changing
the size and configuration of the metal bar/board, and the length of the electrode.

Metal bar
\\ % Ri Metal board j,. %R1
DUT Switch H.V. Resistive EA: H.V.
_— R, : Switch/—__
Registive Electrode . Material Ry ﬁ i
| Electrode —
Vialeral R - — -
aferial Ry \_ Terminal DUT THHHHHHHHHE Resistive material R,

] Terminal

/ i NI i

Mptal plate Insulating sheet Metal plate Insulating sheet
IE€E, IEC
Metal bar
R %
\\ ( % 1 Metal board jr Ry
DUT Switch . H.V. Resistive ) H.V.
Ry I material R5 Switeh —— ” -

- R
Registive Electréde) = ¥
material Ry : DUT

\_ J Terminal Resistive materfal R,
] Terminal

D ) / i
Metal plate Metal plate Insulating sheet
IEC IEC

Insulating sheet

a) Example of use of a metal bar b) Example of use of a metal board
and a resistive material R,

Figure J.1 — Examples of discharge circuit where
the discharge is caused by closing the switch

J.3.4 Equipment setup

All of the terminals of the DUT should be capable of maintaining the test potential of the high
voltage power supply (H.V.) as shown in Figure J.1. When a high-voltage power supply is to be
connected to the terminals of the DUT via a wire, a charging resistor R, that is capable of

withstanding the test voltage is connected in series between the power supply and the terminals.
Resistor Ry should have a resistance in the range of 10 MQ to 100 MQ, but it can be greater
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provided it meets the conditions prescribed in J.4. When a high-voltage power supply is
connected to the terminals of the DUT via an electrode, a resistor/resistive material R, with a

resistance in the range of 1 MQ to 10 MQ is connected in series near the electrode.

The position of R, is to be close to the electrode to prevent the wiring being affected during
discharges. When R, is a resistive material, as shown in Figure J.1 b), connect with the

elec

trode directly.

It is recommended that a resistive material R3 should be connected to all the terminals of the
DUT ta ensure that the potentials of all the terminals coincide with the test valtage (see J 5 2 b)).

The
the
test

J.4

J.4.

The
stan

In p
the

Table J.2 and Table J.3.

Fi

volume resistivity of the resistive material R should be 1 x 104 Qm to 1 x 108 Qm. W\
esistive material R cannot make contact with all terminals of the DUT, as a minimum
terminal and power pins of the DUT should be capable of being charged (see(J.4.3).

Verification of test equipment

General description of verification test equipment

verification test measures the discharge current flow to thé metal bar/board from
dard test module as shown in Figure J.2.

actice, for the actual verification, a current sensor, such as the current probe, is adds
bquipment. The idealised parameters, without curfent sensor, are specified in Figure

)

Metal bar/board

Switch Discharge current which should be measured

Standard test module
Electrode

0

\ ‘ Insulating sheet

IEC

to the metal bar/board from the standard test module

pure J.2 — Verification test equipment for measuring the discharge current flowing

hen
the

the

Ca
@w3
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Figure J.3 — Current waveform
Table J.2 — Specified current wayveform
Specified values
Parameter Unit Symbol Small standard test Large standard tet
module module
Rise time ps L < 350 <450
Pulse width ps Iy 325 to 725 500 to 1 000
Peak current A o1 (see Table J.3) (see Table J.3)
Undershoot current A 1oo <07 %1, <051,
Table J.3 ~'Range of peak current Iy for test equipment
Verification voltage Values of peak current I, (A)
(V) Small standard test module Large standard test module
125 1,110 1,6 2,110 3,1
250 2,2t0 3,1 4,2 t0 6,2
500 4,4 10 6,2 8,4t012,4
750 6,6 to 9,3 12,6 to 18,6
1 000 8,8t0 12,4 16,8 to 24,8

J.4.2

An oscilloscope with a single shot bandwidth of at least 1 GHz (2 GHz is recommended) with
50 Q input impedance is used. When a sampling-type oscilloscope is used, a minimum real-
time sample rate of 5 GHz is used.

A current probe with bandwidth of at least 2 GHz is used to evaluate the current measurement

Instruments for measurement

circuit described in J.4.3, prior to verification of the test equipment.
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J.4.3 Verification of test equipment, using a current probe
J.4.3.1 Verification circuit

In order to measure the applied voltage using a current probe, a metal wire of 8 mm in length
is added to the standard test module specified in J.2. As shown in Figure J.4, the test equipment
is verified by measuring the discharge current from a standard test module to the metal
bar/board with the oscilloscope and current probe specified in J.4.2. Since the current probe
will not be able to withstand the high voltage required by this method, it will be necessary to
maintain the insulation between the current probe and the high-voltage circuit.

Metal bar/board

Discharge currentll\

Insulating material

Oscilloscope
for evaluation
4

H.V. /1

SN

— N Currént, probe
Wire
Standard test module
(80 mm + 0,5 mm in length) IEC
=

Metal bar/board

Oscilloscope

H.V. Y

Discharge current

Insulating material

o N\
- N Current probe

7
Wire

Standard test module

(8,0 mm =0,5 mm in length) IEC

Figure J4-— Measurement circuit for verification method using a current probe

J.4.3.2 Verification procedure

Veritication-is—carried-out-as-follows-

a) Clean the standard test modules and the insulating sheet using isopropanol.

b) Place the standard test module on the insulating sheet covering the metal plate. After
passing a wire 8 mm in length through the hole for measurement of the current probe, the
standard test module and the probe of the CDM equipment are connected to both ends of a
wire, as shown in Figure J.4.

c) Apply a voltage to the standard test module. Unless otherwise specified, the voltages are
+125V, -125V, +250 Vv, -250 V, +500 V, =500 V, +750V, -750V, +1000 V and -1000 V to
meet the test voltage range. When a test exceeding 1000 V is performed, a higher voltage
such as 2000 V is additionally applied.

d) The current waveform is measured with the current measurement circuit by closing the
switch.
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e) The value other than the peak current satisfies Figure J.3 and Figure J.2, and the peak
current complies with Table J.4.

NOTE In the measuring method as shown in Figure J.4, the inclusion of an 8 mm wire spacer reduces the resultant
peak current to the levels shown in Table J.4. A good correlation has been established using this method between
the values in Table J.3 and Table J.4.

Table J.4 — Specification of peak current Iy for the current probe verification method

Verification voltage Values of peak current I, (A)
(\))] Small standard test module Large standard test module
125 0,9t0 1,3 1,7 to 2,6
250 1,8 t0 2,6 3,5t05,2
500 3,6 to 5,2 7,0 to 10,3
750 5,4t07,8 10,5 t6,115,5
1 000 7,3t0 10,4 14/0-to0 20,6

J.5| Test procedure

J.5. Initial measurement
Conjplete DC parametric and functional testing are perfermed in accordance with the applicpble

device specification at ambient temperature, followed by testing at maximum operating
temperature or the temperature required by the relévant specification.

J.5.2 Tests

Testing is performed as follows.

a) Place a DUT on the insulating“~sheet. The ambient temperature during testing is
25 °C £ 5 °C.
b) Connect all the terminals of-the DUT to the resistive material R3 if required in the relejant

gpecification. Connect the' electrode to the test terminal with the switch opened [see
igure J.1).

c) If the DUT has a special isolated structure where the whole DUT is not fully charged from
the test terminat; eonnect all the terminals or all the power supply terminals of the DUT to
the resistive material R5 as shown in Figure J.1.

$et the high voltage power supply to the test voltage specified in the relevant specification.

Close.the switch (see Figure J.1). Confirm the contact between the electrode/front end|and
thesterminal of the DUT during the test.

: cation—ene—d o —When
multiple discharges are to be made, repeat the instructions given in steps c) and d).
However, there should be an interval of 0,1 s or more between discharges. Reverse the
polarity of the testing voltage and perform steps d) to f) if it is detailed in the relevant
specification.

g) Perform steps b) to f) for the next test terminal and repeat this procedure to test all the
terminals.

h) Reverse the polarity of the testing voltage and perform steps b) to g). When step g) is
completed, perform intermediate measurements or perform steps a) to g) on another DUT.
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J.5.3 Intermediate and final measurement

Complete DC parametric and functional testing are performed in accordance with the applicable
device specification at ambient temperature, followed by testing at maximum operating
temperature or the temperature required by the relevant specification.

J.6

Failure criteria

The test is considered to have failed if, after exposure to ESD, the tested component no longer
meets its data sheet specifications.

J.7

All

DUT should meet the test requirements of this document up to a particular(voltage lev

Classification criteria

el in

ordgr for the part to be classified as meeting a particular sensitivity classification. Classificgtion

leve

J.8

The

!

q

faty

¢

0.

s are shown in Table 3.

Summary

following should be detailed in the relevant specification;

oltage used for verification (refer to J.4.3.2 ¢);

arameters and conditions of initial measurement(féfer to J.5.1);

mbient temperature during test (when other thaq specified) (refer to J.5.2 a));
onnection of the resistive material R3 to alkterminals of DUT if needed (refer to J.5.2
est voltage (refer to J.5.2 d));

umber of samples to be tested (referto J.5.1 and J.5.3);

umber of discharges (when othenthan specified) (refer to J.5.2 f));

nterval between repeated disecharges (when other than specified) (refer to J.5.2 f));

rocedures for reversing thg testing voltage (when other than specified) (refer to J.5.
nd J.5.2 h));

arameters and conditions of intermediate and final measurements (when other
pecified) (refer to~Jv5.3).



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC 60749-28:2022 RLV © IEC 2022 - 49 —

Bibliography

IEC 60749-26, Semiconductor devices — Mechanical and climatic test methods — Part 26:
Electrostatic discharge (ESD) sensitivity testing — Human body model (HBM)



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC 60749-28:2022-03(en-fr)

IEC

o
®

IEC 60749-28

Edition 2.0 2022-03

INTERNATIONAL
STANDARD

ORME &
TERNATIONALE 7

R
N
/\
S
<&

¢

colour
inside

Se
Pa

cl
Pa

Dij:ositifs a semiconducteurs — Mé@%des d’essais mécaniques et
i

dispositif chargé (CDM) —\rL'p@au du dispositif

S

miconductor devices — Mechanical and cli ch test methods —
N\
N

atiques — ) K\
tie 28: Essai de sensibilité au}? décharges électrostatiques (DES) — Modé

)
724
7 7/////

’/,
7.

0
(
/

/
A
(

;

7
/ )
A /
/
//
/

i

't 28: Electrostatic discharge (ESD) senaﬁity testing — Charged device model
(CIPM) — device level

le de



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

-2- IEC 60749-28:2022 © |EC 2022

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 6
LN I O 15 1 L@ 1 ] P 8
1 S T o] o 1 Y S 9
2 NOIMALIVE FEFEIENCES ... et 9
3 Terms and definitions ... 9
4 Required eqUipmMENt ..o e 10
411 L1 1 s I IR (= (Y P .10
411 GeNeral .o e LN .10
4.1.2 Current-sensing element..........cccooiiiiiiiiiiiciea .1
4.1.3 Ground pPlane .. ... O .1
4.1.4 Field plate/field plate dielectric layer...........cccoviiiiiiiiii O, .11
4.1.5 Charging resistor ......oiviii e g e 11
412 Waveform measurement equipment ... R T .12
4.2.1 GENEIAI .. A e .12
4.2.2 Cable assemblies ... .12
4.2.3 Equipment for high-bandwidth waveform measdrement .............................. .12
4.2.4 Equipment for 1,0 GHz waveform measurement ... .12
443 Verification modules (metal diSCS)......c.ovevi i .12
414 Capacitance meter......ooovvviiiiii D Y .12
415 L0 01010 011 = o .12

5 |Periodic tester qualification, waveform records, and waveform verification
[=To U T =T 0 1= o) € N .13
511 Overview of required CDM tesfer evaluations..............oooiiiiiii . .13
5(2 Waveform capture hardwarE . ... .....coiiiiiiii e .13
513 Waveform capture setUpi. .. ..o .13
5{4 Waveform capture PPOCEBAUIE .......c.uii e .13
515 CDM tester qualification/requalification procedure ..., .14
5.5.1 CDM tester qualification/requalification procedure ..., .14
5.5.2 Conditions requiring CDM tester qualification/requalification....................... .14
5.5.3 1 GHz oscilloscope correlation with high bandwidth oscilloscope................ .14
56 CDMtester quarterly and routine waveform verification procedure..................... .15
5.6.1 Quarterly waveform verification procedure..........ccooooiiiiiiiiiii e, .15
5.6,2 Routine waveform verification procedure ... .15
517 Waveform characCteriStiCS ... ..o .15
578 Docomemtatonr 17
5.9 Procedure for evaluating full CDM tester charging of a device ...............cceevennnnnn. 17
6 CDM ESD testing requirements and proCcedures ..........cooiiiiiiiiiiiiii e 18
6.1 Tester and device preparation. ... ..o 18
6.2 TSt FEQUITEM NS .. e e 18
6.2.1 Test temperature and humidity ... 18
6.2.2 D BVICE 1S e 18
6.3 LIRS A o] e Yo=Y o 11 =3 19
6.4 CDM test recording / reporting guidelines .........cccooiiiiiiiiiiiii e 19
6.4.1 CDM test reCOrdiNg . ... ieuii i 19
6.4.2 CDM Reporting GUIAEIINES ....coeiiiiiiiii e 19

6.5 Testing of Devices in Small Packages ..o 19


https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC 60749-28:2022 © |EC 2022 -3-

7  CDM classification Criteria ... ...oiuiiiii e e 20
Annex A (normative) Verification module (metal disc) specifications and cleaning
guidelines for verification modules and testers..........ooooiiiiiiiii i 21
A1 Tester verification modules and field plate dielectric ..., 21
A.2 Care of verification modules. ... ... 21
Annex B (normative) Capacitance measurement of verification modules (metal discs)
sitting on a tester field plate dieleCtriC . ... ..o 22
Annex C (normative) Testing of small package integrated circuits and discrete
SEMICONAUCIONS (10D S ) ..o e e et ea e e 23
d.1 Testing rationale ... .23
g.2  Procedure for Determining Cgg||------- - eeerrrrerrrrmrmmmmreeieieieeieeee e Nk .23
d.3 ICDS Technology requirements.........ccoooiiiiiiiiiiieeeeeeee L .24
Anngx D (informative) CDM test hardware and metrology improvements......... 5" ........... ..25
Annex E (informative) CDM tester electrical schematic ...........ccooooiiii i On el .27
Annex F (informative) Sample oscilloscope setup and waveform.........cy2. . .28
Fl-1 General. ... W ..28
Fl.2 Settings for the 1 GHz bandwidth oscilloscope.............( e, .28
Fl.3 Settings for the high-bandwidth oscilloscope..........e.\ i, .28
F|.4 SO U 1 N 28
F|.5 Sample waveforms from a 1 GHz oscilloscope . 5. i, 28
F|.6 Sample waveforms from an 8 GHz oscilloS€Ope ........ooiviiiiiiiiiii e, 29
Annex G (informative) Field-induced CDM tester discharge procedures...........ccccecevvnennnnn. .31
g1 General. ... O .31
g.2 Single discharge proCedure. .. ... i .31
3.3 Dual discharge proCeaUIe ... . . e e .31
Annex H (informative) Waveform verification procedures ...........ccoooviiiiiiiiiiiicieeee, .33
H.1 Factor/offset adjustmentmethod ... .33
H.2 Software voltage adjustment method.............oooiiiiii ..36
H.3 Example parameterrecording tables ... ... ..38
Annex | (informative) Determining the appropriate charge delay for full charging of a
Yo S g g Lo o [UT =T o ] ale LNy Ao = ..40
.1 BN Al T e s ..40
IR Procedure for charge delay determination...............cooiiiiiiiii i ..40
Annex J (informative) Electrostatic discharge (ESD) sensitivity testing direct contact
charged device Model (DC-CDIM) .. ..ottt eeeas .42
Ji LT =Y 1= = | PPN .42
JI2 Standardtestmodule ......oooeeeieeieieei e .42
J.3 Test equipment (CDM Simulator) .......ccooiiiiii e 42
J.3.1 Test eqUIPMENT AeSIgN. ... i e 42
J.3.2 DUT (device under test) SUPPOrt .. ..o 43
J.3.3 Metal Dar/bOard .......couiiieie e 43
J.3.4 EQUIPMENt SeTUPD - 43
J.4 Verification of test equUIPMeNt ... ... 44
J.4.1 General description of verification test equipment.................. 44
J.4.2 Instruments for measurement ... 45
J.4.3 Verification of test equipment, using a current probe ..............ccociiii. 45
J.5 1= 53 G o o Yo7 LU T o/ TS 46

J.5.1 Initial MEASUIEMENT ... e 46


https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

-4 - IEC 60749-28:2022 © |EC 2022

J.5.2 1€ P 47
J.5.3 Intermediate and final measurement ... 47
J.6 Failure Criteria. . o e 47
J.7 Classification Criteria..........iiiii e 47
J.8 S TU ] 1] g F=T oY PRSPPI 47
71 0] [T Yo = o 2 V78 PP 49
Figure 1 — Simplified CDM tester hardware schematic ...........coooiiiiiii 11
Figure2—CDM characteristic-waveform-and-parameters 17
Figure E.1 — Simplified CDM tester electrical schematic..............ccooiiiiiiiiiii .27
Figure F.1 — 1 GHz TC 500, small verification module................c .29
Figure F.2 — 1 GHz TC 500, large verification module ............ccoooiiiiiiiiii b .29
Figure F.3 — 8 GHz TC 500, small verification module (oscilloscope adjusts for
atteNUAation) ... O P e ..30
Figure F.4 — GHz TC 500, large verification module (oscilloscope adjusts)for
AHENMUATION) oo e ..30
Figure G.1 — Single discharge procedure (field charging, /cp\, Pulse, and slow
Lo 1T=To] 1E=1 e 1= S PN .31
Figure G.2 — Dual discharge procedure (field charging, 18} IcDMm Pulse, no field, 2nd
ICDM PUISE) oo e .32
Figure H.1 — An example of a waveform verification'flow for qualification and quarterly
chegks using the factor/offset adjustment method ... .34
Figure H.2 — An example of a waveform verification flow for the routine checks using
the factor/offset adjustment method ... 080 .35
Figure H.3 — Example of average Ipeak for the large verification module — high
ban@width OSCIlIOSCOPE .. ... T e ..36
Figure H.4 — An example of a waveform verification flow for qualification and quarterly
chegks using the software voltage adjustment method ... .37
Figure H.5 — An example of\@’waveform verification flow for the routine checks using
the goftware voltage adjustment method ... ..38
Figure 1.1 — An example characterization of charge delay vs. Ip ......................................... .41
Figjre J.1 — Examples of discharge circuit where the discharge is caused by closing
T WO L i e e ..43
Figure J.2 >~ Verification test equipment for measuring the discharge current flowing to
the metadl bar/board from the standard test module ... .44
Fig]:e N e 101 = oL A= VL= (e 0 TP .44
Figure J.4 — Measurement circuit for verification method using a current probe..................... 46
Table 1 — CDM waveform characteristics for a 1 GHz bandwidth oscilloscope....................... 16
Table 2 — CDM waveform characteristics for a high-bandwidth (= 6 GHz) oscilloscope.......... 16
Table 3 — CDM ESDS device classification levels ..o 20
Table A.1 — Specification for CDM tester verification modules (metal discs)............ocoveennen. 21

Table H.1 — Example waveform parameter recording table for the factor/offset
adjustment Method ... e 39

Table H.2 — Example waveform parameter recording table for the software voltage
AdJUSIMENT METhOd .. e 39

Table J.1 — Dimensions of the standard test modules ... 42


https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC 60749-28:2022 © |EC 2022 -5-

Table J.2 — Specified current waveform ...
Table J.3 — Range of peak current 1p1 for test equipment ...

Table J.4 — Specification of peak current Ip1 for the current probe verification method .........



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

-6 - IEC 60749-28:2022 © |EC 2022

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 28: Electrostatic discharge (ESD) sensitivity testing —

1) T
a
[
in
P
p
m
wi
S
2) T
c
in
3) IH
Ci
P
m
4) In
tr
a
5) IH
a
s
6) A
7) N
m
o]
e
P
8) A
in
9) A
ri
IEC
collg

ights. IEC (shall not be held responsible for identifying any or all such patent rights.

Ch

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
-operation on all questions concerning standardization in the electrical and electronic-ields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
ublicly Available Specifications (PAS) and Guides (hereafter referred to as AHECYPublication(s)").
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he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are.made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible’ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in theirdiational and regional publications. Any divergence bet
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60749-28 has been prepared by |IEC technical committee 47: Semiconductor device

5, in

botrdtion with IEC technical committee 101: Electrostatics. It is an International Standqard.

ANSI/ESDA/JEDEC JS-002-2018 has served as a basis for the elaboration of this standard. It
is used with permission of the copyright holders, ESD Association and JEDEC Solid state
Technology Association. ANSI/ESDA/JEDEC JS-002-2018 describes the field-induced (FI)
method. An alternative, the direct contact (DC) method (not based on JS-002-2018), is
described in Annex J.

This second edition cancels and replaces the first edition published in 2017. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
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a) a new subclause and annex relating to the problems associated with CDM testing of
integrated circuits and discrete semiconductors in very small packages;

b) changes to clarify cleaning of devices and testers.
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INTRODUCTION

The earliest electrostatic discharge (ESD) test models and standards simulate a charged object
approaching a device and discharging through the device. The most common example is
IEC 60749-26, the human body model (HBM). However, with the increasing use of automated
device handling systems, another potentially destructive discharge mechanism, the charged
device model (CDM), becomes increasingly important. In the CDM, a device itself becomes
charged (e.g. by sliding on a surface (tribocharging) or by electric field induction) and is rapidly
discharged (by an ESD event) as it closely approaches a conductive object. A critical feature
of the CDM is the metal-metal d|scharge which results inavery rap|d transfer of charge through
from
rent

Accurately quantifying and reproducing this fast metal-metal discharge event is-very difficult, if
not jmpossible, due to the limitations of the measuring equipment and its dnfluence on| the
discharge event. The CDM discharge is generally completed in a few nandseconds, and peak
currents of tens of amperes have been observed. The peak current into, the device will vary
congiderably depending on a large number of factors, including package type and parasitics.
Theltypical failure mechanism observed in MOS devices for the CDM-model is dielectric damage,
althgugh other damage has been noted.

The|CDM charge voltage sensitivity of a given device is package dependent. For example| the
samg integrated circuit (IC) in a small area package can be less susceptible to CDM damage
at a|given voltage compared to that same IC in a package of the same type with a larger drea.
It hgs been shown that CDM damage susceptibility correlates better to peak current levels than
charge voltage.
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 28: Electrostatic discharge (ESD) sensitivity testing —
Charged device model (CDM) — device level

part of IEC 60749 establishes the procedure for testing, evaluating, and classifying-deV

-electronic devices, hybrid integrated circuits (HICs), and multi-chipCmodules (MC

ribed in Annex J.

purpose of this document is to establish a test methodithat will replicate CDM failures

Normative references

e are no normative references in this document.

Terms and definitions
he purposes of this,document, the following terms and definitions apply.

and IEC maintain’ terminological databases for use in standardization at the follo
esses:

O ©nline browsing platform: available at http://www.iso.org/obp

ices

microcircuits according to their susceptibility (sensitivity) to damage or de@radation by
sure to a defined field-induced charged device model (CDM) electrostatic discharge (ESD).
ackaged semiconductor devices, thin film circuits, surface acoustic wave |(SAW) devices,

Ms)
the

and
vice

ide reliable, repeatable CDM ESD test results frofa tester to tester, regardless of de
Repeatable data will allow accurate classjfications and comparisons of CDM ESD
itivity levels.

ving

3.1

CDM ESD

charged device model electrostatic discharge
electrostatic discharge (ESD) using the charged device model (CDM) to simulate the actual
discharge event that occurs when a charged device is quickly discharged to another object at
a lower electrostatic potential through a single pin or terminal

3.2

CDM ESD tester
charged device model electrostatic discharge tester
equipment that simulates the device level CDM ESD event using the non-socketed test method

Note

1 to entry: "Equipment" is referred to as "tester" in this document.
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Csman
device to CDM field plate capacitance for an integrated circuit or discrete semiconductor at or
below which it has been determined that CDM testing is not required if specified conditions are

met

3.4

dielectric layer

thin

insulator placed atop the field plate used to separate the device from the field plate

3.5

fielo
cong
couy

Note

3.6

ground plane

cong

Note

3.7
soft
user

actupl field plate voltage on the system in order to achieve the waveform parameters

Note

3.8
test
TC

testgr plate voltage that meets the waveform parameter conditions

Note

4

4.1
4.1.

plate
uctive plate used to elevate the potential of the device under test (DUT) by.Capag

ling

1 to entry: See Figure 1.

uctive plate used to complete the circuitry for grounding/dischatging the DUT

1 to entry: See Figure 1.

ware voltage
operator-entered voltage that, when combined/wijth the scale factor or offset, sets

1 to entry: Waveform parameters are defined in Table 1 or Table 2.

condition

1 to entry: The waveform parameter conditions are found in a particular column of Table 1 and Table 2.
Required equipment

CDM ESD tester

Genéral

itive

the

Figure 1represents the hardware schematic for a CDM tester setup to conduct field-indyced

CD
devi

tual

ESD testing assuming the use of a resistive current probe. The DUT may be an a(

The

pogo pin shall be connected to the ground plane with a 1 Q current path with a minimum
bandwidth (BW) of 9 gigahertz (GHz). The 1 Q pogo pin to ground connection of the resistive
current sensor may be a parallel combination of a 1 Q resistor between the pogo pin and the
ground plane, and the 50 Q impedance of the oscilloscope and its coaxial cable. In Figure 1,
K1 is the switch between charging the field plate and grounding the field plate. The CDM ESD
testers used within the context of this document shall meet the waveform characteristics
specified in Figure 2, and Table 1 and Table 2, without additional passive or active devices,
such as ferrites, in the probe's assembly.


https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

IEC 60749-28:2022 © |EC 2022 -1 -

. 50 Q coax to 50 Q
Pogo pin to ground

resistance = 1

B Ground
Pogo pin

Dielectri 5
DUT lelectric K1 °.
/
% Charging ?
I’ |

Field plate IEC

Figure 1 — Simplified CDM tester hardware schematic

Whgn constructing the test equipment, the parasitics in the charge and/discharge paths shpuld
be minimized since the resistance inductance-capacitance (RLC).parasitics in the equipment
gredtly influence the test results.

For pxisting equipment, it is recommended to contact qualified service personnel to determine
compliance to this document upon removal of ferrite components.

4.1.2 Current-sensing element

A cJrrent-sensing element shall be incorporated-into the ground plane. The resistance of| this
elenment shall have a value of (1,0 £ 10 %) Q.'A resistor, as specified in 4.1.1, shall be used as
the purrent-sensing element. The value of\resistance (including the 50 Q cable/oscillos¢ope
termination) shall be measured using an~ohmmeter as described in 4.5. The resistance value
shal] be used to calculate the first peak current.

The|current-sensing element shall have a minimum frequency response of 9 GHz (specified by
a maximum roll-off of 3 dB at\9:GHz).

4.1.3 Ground plane
The|probe assembly shall contain a square ground plane with the probe pin centred within fit as

shown in Figure. 1'\The dimensions of the ground plane shall be 63,5 mm x 63,5 mm £ 6,35|mm
(2,5)inches x 2/6%inches + 0,25 inches).

4.1.4 Field plate/field plate dielectric layer

The lfield plnfn shall have a surface flatness to Mary no-more than+ 0127 mm (ﬂ,nﬂﬁ incH es)_
The field plate dielectric layer should be made with an FR4 or similar epoxy-glass material. For
FR4, the thickness and thickness tolerance of this dielectric layer should be
0,381 mm £ 0,0254 mm (0,015 inches £ 0,001 inches) in order to result in a capacitance
measurement (as specified in normative Annex B) in the range specified in Table A.1.

If a different material is used, the material thickness is chosen to result in a capacitance
measurement in the range specified in Table A.1.

41.5 Charging resistor

The charging resistor shown in Figure 1 shall nominally be 100 MQ or greater.
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Resistor values higher than 100 MQ may be used, but this may not allow very large devices
(refer to 5.9 and Annex |) to charge fully before being discharged by the probe assembly. This
effect can be overcome by adding a delay between discharges in the CDM tester programming
software. If using a resistor greater than 100 MQ, it is recommended that the tester or the device
itself be characterized to determine if a delay is needed for discharging large devices. A
procedure for this large device delay characterization is given in Annex I.

4.2 Waveform measurement equipment

4.21 General

The[CDM waveform measurement equipment shall consist of the Tollowing components.

4.2. Cable assemblies

Cable assemblies with combined internal tester cable and external cable total {oss of no more
than 2 dB at frequencies up to 5 GHz and a nominal 50 Q impedance.

4.2. Equipment for high-bandwidth waveform measurement

4.2.3.1 High-bandwidth oscilloscope

An gscilloscope or transient digitizer with a minimum real-time’ (single shot) 3 dB BW of at least
6 Glz and = 20 gigasample/s sampling rate with a nominal 50vQ input impedance.

4.2.3.2 Attenuator

A 20 dB attenuator with a precision of 0,5 dB, at least 12 GHz BW, and an impedance
of 50 Q + 5,0 Q.

4.2, Equipment for 1,0 GHz waveform-measurement

4.2.4.1 1 GHz oscilloscope

An gscilloscope or transient digitizer with a real-time (single shot) 3 dB BW of 1 GHz with a
nomijnal 50 Q input impedanceThe sampling rate shall be = 5 gigasample/s.

NOTE The user has the option‘of using a higher BW oscilloscope and using a hardware or software filter to prqduce
a barjdwidth and sampling rate\equivalent to that specified in 4.2.4.1.

4.2.4.2 Attenuator

A 2( dB attendator with a precision of + 0,5 dB, at least 4 GHz BW, and an impedance of $0 Q
+5Q.

4.3 | erification modules (metal discs)

The large verification module shall have a capacitance of (55 + 5 %) pF and the small
verification module shall have a capacitance of (6,8 + 5 %) pF. Refer to normative Annex A for
information on the verification module physical dimensions and normative Annex B for
information on the capacitance measurement procedure.

4.4 Capacitance meter

Capacitance meter with a resolution of 0,2 pF, a measurement accuracy of 3 %, and a
measurement frequency of 1,0 MHz as described in normative Annex B.

4.5 Ohmmeter

The ohmmeter used to measure the resistance of the resistive probe shall be capable of
measuring to an accuracy of 0,01 Q. Use of Kelvin 4-wire connections is recommended.
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5 Periodic tester qualification, waveform records, and waveform verification
requirements

5.1 Overview of required CDM tester evaluations

The CDM tester shall be qualified, re-qualified, and periodically verified as described in 5.5 and
5.6.

NOTE 1 Dielectric layers, ground planes (ground plates), the coaxial discharging resistor (probe), the distance
between the ground plane and the field plate, the verification modules and the discharge contacts (e.g., pogo pins)
are key elements of the tester construction. Any change to these elements necessitates a waveform verification.

NOTE 2 Changes in the shape of the discharge pulse, even though they can still be within specification, can-indicate
degrddation of the discharge path.

5.2 | Waveform capture hardware
Waveform capture requires the following instrumentation and tester set voltage/procedure

e 3n oscilloscope as specified in 4.2;

e 3n attenuator and cable assembly as defined in 4.2;
e yerification modules (as described in 4.3) with the dimensiohs and attributes listed in
normative Annex A and the method of measurement listed in_hormative Annex B.
5.3 | Waveform capture setup

The|waveform capture setup shall be carried out as follows:

Llean the verification modules. Avoid skin contact with the modules prior to, and dyring
esting. A recommended procedure is described in normative Annex A.

(

t

WUsing an alcohol wipe, clean the dischatge probe and the field charge plate on whicH the
device is placed to remove any surface contamination that could result in charge loss.
Ensure the pogo pin is free of particulates.
A
q
q

\ttach the appropriate 20 dB attenuator as described in 4.2.3.2 to the oscilloscope. Attach
ne end of the external cable ‘assembly, as described in 4.2.2, to the attenuator and the
ther end to the CDM testef.,Verify all connections in the measurement chain are tight

Seelinformative Annex F for-an example of oscilloscope settings and captured waveforms.

5.4 | Waveform capture procedure
The|waveform, capture procedure shall be carried out as follows:

a) Place the~verification module to be used on the field plate dielectric, ensuring intimate
gontact'between the field plate dielectric and verification module.

b) $et'the potential of the field plate to the needed voltage for the test condition being rur.

c) Align the ground pin to approximately the centre of the verification module.

d) Either the single discharge or dual discharge method as described in Clause G.2 or
Clause G.3 respectively can be used, but the discharge method chosen should be consistent
with how products will be tested. When using the dual discharge method, waveforms for
positive and negative pulses require a change in the oscilloscope trigger conditions to
capture only positive or negative pulses.

e) Discharge the verification module at least ten times at the polarity being verified.

f) Observe at least ten successive waveforms during the set of discharges above and record
the average waveform parameters for Ip, Ty, full width at half maximum (FWHM), and Ip2 for

this group of waveforms as shown in Figure 2.
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g) If the waveform characteristics do not meet the requirements as defined in either Table 1 or
Table 2 for the target test condition (see 5.6 and 5.7 for the appropriate table and test
conditions to use), re-clean the verification modules and ground pin, check that all
connections are tight, make adjustments in the field plate voltage and repeat steps a) to g).

If this still does not work, check the system vacuum or look at replacement of the ground pin.
Consult the tester manufacturer for more information.

Repeat the procedure for the opposite polarity.

5.5. CDM tester qualification/requalification procedure

Thelintent of the qualification/requalification procedure is to determine the field-plate voltage
needled for each test condition setting (125 to 1000) in Table 3 to produce peak\current ir] the
randges corresponding to Table 2, and therefore corresponding to the classification levels as
spegified in Table 3.

Two| alternative procedures for how to qualify and routinely check-the' CDM test system| are

and |offer two methods for adjusting the field plate voltage to meet the waveform parametefs of
Table 2.

CDM test system manufacturers, or test system operaters;"may develop alternate qualification
progedures from the two procedures in Annex H, as lgng as they result in waveforms that meet
the tequirements of Table 2 for the various test conditions.

It is recommended that settings determined from this qualification procedure be recorded for a
particular test system, oscilloscope BW andolarity. This allows for detection of drift over fime
on the system, which may indicate a largenissue with the system. See Clause H.3 for examples.

Perfprm the setup and waveform capture steps as described in 5.3 and 5.5 under test condifions
125]to 1000 in Table 2 for both positive and negative polarities using both small and large
verification modules, and measuring with the high bandwidth oscilloscope as specjfied
in 4)2.3.1. Refer to Annex H-for example flowcharts of the procedures.

If lo¢al site test voltagewranges will always be narrower than the range above (for example|test
conditions 125 to 500)/it is permissible to perform the qualification within that narrower rapge.

5.5.2 Conditions requiring CDM tester qualification/requalification

The |CDMdester qualification and requalification as described in 5.5 is required in the following
situgtions:

e acceptance testing when the CDM tester 15 delivered, usually periormed Dby the
manufacturer during installation;

e periodic requalification in accordance with the manufacturer’s recommendations; the
maximum time between requalification tests is one year;

e after service or repair that could affect the waveform.
5.5.3 1 GHz oscilloscope correlation with high bandwidth oscilloscope

During the first acceptance testing, the tester manufacturer shall use a high bandwidth
oscilloscope as specified in 4.2.3.1 for initial waveform capture. If the test site only has a 1 GHz
oscilloscope as specified in 4.2.4.1, the tester manufacturer and end user shall confirm using
appropriate bandwidth filtering techniques and comparison with the oscilloscope from the tester
manufacturer that the user’s oscilloscope measures tester waveforms as defined in Table 1 for
quarterly and routine waveform acceptance.
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NOTE The Bessel-Thomson software filter option on many oscilloscopes is a suitable high-bandwidth waveform
filter as it aligns well with actual 1 GHz oscilloscope data.

Oscilloscope correlation verification shall be repeated if the test site changes 1 GHz
oscilloscopes.

5.6

CDM tester quarterly and routine waveform verification procedure

5.6.1 Quarterly waveform verification procedure

Perform the setup and waveform capture steps as described in 5.3 and 5.5 under test conditions

125
the
cheq
OSCi

If lo
cong

Tester waveform verification shall be performed at least once per quarter.

5.6.
5.6.

Perf]
500
and
pach

5.6.!

Initially, upon tester qualification or réqualification, routine waveform verification shoul;ﬂ be
pleted at least once per shift. If"CDM stress testing is performed on consecutive shifts,

com
wav
shift

obs
doct
test
inva

5.7

The

Lonier periods between routine waveform checks may be used if no changes in waveformg

high-bandwidth oscilloscope as specified in 4.2.3.1. Both verification modules sha
ked at positive and negative polarities. Recommendation is to use the high bandw

bal site test voltage ranges will always be narrower than the range above (for example
itions 125 to 500), it is permissible to perform the qualification within that-harrower ra

p Routine waveform verification procedure
.1 General

pbrm the setup and waveform capture steps as descftibed in 5.3 and 5.5 under test cond

negative polarities using the verification modul& that most closely corresponds to the
age that will be tested. Refer to Annex H fer'example flowcharts of the procedures.

p.2 Routine verification frequency.

eform checks at the end of one’shift may also serve as the initial check for the follo

rved for several_econsecutive checks. The test frequency and method chosen sha
mented. If, at any time, the waveforms no longer meet the specified limits, all ESD st
data collected‘subsequent to the previous satisfactory waveform check shall be ma
id and shallknot be used for classification.

Waveform characteristics

waveforms shall appear as shown in Figure 2 for both the positive polarity and its inv

loscope if the option exists. Refer to Annex H for example flowcharts of the procedurgs.

ition

in Table 1 (1 GHz oscilloscope) or Table 2 (high*bandwidth oscilloscope) for both positive

size

wing

are
| be
ress
rked

grse

for t

e nedative polarity. 1ne average wavelorim parameters (Iinciuding lp) ds gdatlnered py

the

method of 5.4 shall meet the specifications in Table 1 for a 1 GHz oscilloscope and Table 2 for
a high-bandwidth oscilloscope. If a high-bandwidth oscilloscope is used for qualification,
quarterly and routine waveform verifications, the 1 GHz requirements need not be considered.
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Table 1 - CDM waveform characteristics for a 1 GHz bandwidth oscilloscope

1 GHz BW
oscilloscope

Test condition

TC 125 TC 250 TC 500 TC 750 TC 1000
Ver:]'ggslt'eon Sym. Small | Large | Small | Large | Small Large | Small | Large | Small | Large
Peak current | ;[ 1,0to | 19to | 21to | 4210 | 44t0 | 91t0 | 66t0 [ 13,710 | 8810 | 000

(A) P 1,6 3,2 3.1 6,3 5,9 12,3 8,9 185 | 119 | .

R| a(\rt)st-)mu tr < 350 < 450 < 350 < 450 < 350 < 450 < 350 < 450 < 350 < #50

Full width at
half 325 | 500 | 325 | 500 | 325 | oo | 325 | o0 | 328~ 500
maximum FWHM to to 1 to to 1 to 1000 to 1000 to tp 1
03) 725 | 000 | 725 | 000 | 725 725 725 | 000

Undershoot s <70 | <50 | <70 | <50 | <70 | <50% | <70 | <50% | <70 | <50
(A, g“eaaxk-)znd p2 %l | %l | %I | %I | %I L %I, I %l | AL

Table 2 - CDM waveform characteristics for a high-bandwidth (2 6 GHz) oscilloscope

2 6 GHz BW
oscilloscope

Test condition

TC 125 TC 250 T.€ 500 TC 750 TC 100p
V?;':)'gjltéon Sym. Small | Large | Small | Large«[\Small Large Small Large Small | Lgrge
Pedk Current | ;| 14to | 23to | 29t0 | 48to | 6110 | 103 [92t0 [1551t0 | 22 | 20
(A) P 2,3 3,8 4,3 7,3 8,3 to13,9 12,4 20,9 16.5 of 9
R S(T)Stl)me t, <250 | <350 | <250 | <350 | <250 | <350 | <250 | <350 | <250 | <B50
Full width at
half FWHM 2t50 4t50 250 450 250 450 to 250 450 to 250 450
miaximum ° 9 to to to 900 to 900 to °
(ps) 600 900 600 900 600 600 600 900
(x”%e;hg% ; <70 | <50 | <70 | <50 | <70 | <50% | <70 | <50 % | <70 | <50
N . 0 0, 0, 0, 0, 0, 0, 0,
beak) p2 % 1, % 1, % 1, % 1, % 1, 1 % 1, I % 1, I

NOTE

The valtages of the test conditions 125 to 1000 producing the specified peak current ranges are adjusted

from previous.classification test voltages of 125 V, 250 V, 500 V, 750 V and 1000 V, respectively. Annex D desdribes
this relatignship between such voltages and ferrite-free tester set voltages. Tester adjusted field plate voltages to
achigvelthese current ranges for the ferrite-free tester platform in this document can vary somewhat between tesgters.
Annek H.describes two voltage adjustment methods.
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Figure 2 — CDM characteristic waveform and parameters

Documentation

Retgin the waveform records for tester qualification~according to internal company policy| For

test
the
poli

5.9

5.9.
resi
det

5.9.

a)

b)

c)

d)

e)

¢r requalification, quarterly waveform verification and routine waveform verification, keep
records until the next set of waveforms are’collected, or according to internal company

gy.
Procedure for evaluating full CDM tester charging of a device

As defined in 4.1.5, the charging resistor should nominally be 100 MQ or greater. If the
gtor is too large, an added charging delay may be necessary to fully charge the devicqg. To
rmine if an added delay is needed, follow the procedure in 5.9.2.

Using the large.verification module, follow the procedure below.

et the field plate.voltage at +250 V (any voltage can be used as the objective is to mohitor
p)-

ith the pfe--and post-charge delay both set to 0 ms, collect 10 waveforms and record the
o from each. Calculate the average I, of the waveforms.

ith\the pre-charge delay set to 500 ms (and post-charge delay remaining at 0 ms), cqllect
ten'waveforms, record the /,, from each. Calculate their average /, of the waveforms.

Compare the average Iy value from the 0 ms charge delay and the 500 ms charge delay. If
the average /, is the same for both measurements, then a device of the same or lower
capacitance as the large verification module are receiving a full charge. If the average I

with 0 ms charge delay and 500 ms charge delay do not match, refer to the informative
Annex | for a procedure to determine the appropriate default charge delay to add to the
system.

Even if the two average Iy values above match, very large packaged devices (larger

capacitance than the large verification module) may still require a delay in order to receive
a full charge. Since device package technologies vary widely, there are no exact dimensions
for how a particular package I, may compare to the large verification module Iy for the

evaluation described above.
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f) To determine if a very large packaged device may still require a charge delay, steps a) to
d) above can be repeated using the ground pin of a device. If the average I, with 0 ms

charge delay and 500 ms charge delay do not match, refer to the informative Annex | for a
procedure to determine the appropriate charge delay.

In addition, where CDM testers have moving parts, care should be taken by personnel to avoid
contact with these moving parts during operation.

6 CDM ESD testing requirements and procedures

6.1 | Tester and device preparation

Dev|ces used for CDM stressing shall not have been used for any prior stress tests.

ESDO damage prevention procedures shall be used before, during, and afterf\CDM and post
pargmetric testing.

Dev|ces shall be clean before testing. If needed, cleaning should be completed in compliance
withlcompany-approved procedures.

NOTE Isopropanol (isopropyl alcohol) is typically used for cleaning.

The|CDM tester probe and field plate / dielectric shall be cléan and dry before testing. Cleaning
may|be performed periodically or based on waveform acceptance using isopropanol (isopropyl
alcohol) with a minimum isopropanol percentage of 70~%.

6.2 | Test requirements
6.2. Test temperature and humidity

The|test shall be carried out at room temperature. Humidity at the test head should not exgeed
30 % RH. Heating or cooling the device during CDM testing is not intended.

Theltester should be placed in ah.-environment where the temperature is at room temperature.

NOTE Waveform repeatability is strongly dependent on moisture content of the air and having a low relative humidity
will rgsult in a more stable waveform.

6.2.2 Device test
6.2.2.1 Pre-stress testing

Priof to ESD-stressing, complete static and dynamic testing shall be performed on all submjtted
devipes.Parametric and functional results shall be within the limits specified in the datasheet
pargmeters.

6.2.2.2 Failure criteria

Following ESD stressing, complete static and dynamic testing shall be performed on all stressed
devices. A device is considered to have failed if parametric and functional test results are not
within the limits specified in the datasheet parameters. A failure may be discounted if proven
by failure analysis that it is not CDM—ESD related.

NOTE 1 A change in static leakage (e.g., pin leakage, standby current) is not an adequate criterion to determine
pass/fail. It can serve as an indicator for the onset of damage.

NOTE 2 If testing is to be done at multiple temperatures, perform the test first at the lowest temperature, followed
by increasing the temperature in sequence (e.g. —-40 °C, +25 °C, +85 °C).
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6.3

Test procedures

The test procedures are as follows.

a)

b)

For

Unless otherwise specified, obtain a minimum of three samples that have been verified to
meet their data specifications.

CDM testing should begin at the lowest level in Table 3, but may begin at any level.
However, if the initial voltage level is higher than the lowest level in Table 3 and the device
fails at the initial voltage, testing shall be restarted with three fresh devices at the next lower
level.

Eoreach Hn\/lr\n nnnl\/ at least one r\nelh\/n and one nnnah\ln rher\hgrnn toecach nln llow
P

nough time (as speC|f|ed in 5.9) between discharges for the device to reach the full|test
oltage level. Stresses may be partitioned by polarity, using a sample size of at least three
nits per polarity. Pins may also be partitioned into one or more sets of samples;. provjded
that each pin of the device is a member of at least one set. Each set shall havea minignum
gf three units.

D

—

the field-induced charging method, there are two possible procedufés’for charging|and

discharging the device: single and dual. Both procedures produce equiyalent results. These

progedures are described in the informative Annex G.

6.4

6.4.

CDM test recording / reporting guidelines

CDM test recording

The|CDM testing procedure for a particular product-shall be recorded and stored per ¢ach
company’s data retention procedure. Information regarding tester waveform parameters shpuld

be

recording.

6.4.

Pro

available in the product reliability report.

For

gdvailable upon request; refer to Clause H.3 for more information on waveform paranfeter

b4 CDM Reporting Guidelines

duct CDM test results (including\package information) shall be reported and be made

purposes of ensuring safe’ handling information for manufacturing control in an ESD

protected area, it is highly recommended that publicly available product datasheets report (DM

classifications.

6.5

Testing of Deyices in Small Packages

Integrated cirelits and discrete semiconductors (ICDS) in very small packages are very difficult
to tgst for CDM"and seldom fail CDM testing due to their small capacitance. It is not possibje to
spegify a-pactkage dimension below which CDM testing is not needed as different technologies,
designsstyles, and protection strategies have different susceptibilities to charged device evénts.
In thenabsence of other information, all ICDS shall be tested. However, Annex C defines an
optional procedure for establishing an integrated circuit capacitance Cgq,, for a specific

technology and design flow. For devices with capacitance below Cg,5;, CDM testing is no
longer required. ICDS with capacitance below Cg,,; and which satisfy the requirements of

Annex C shall be considered to have a CDM passing level of TC 750 (Classification Level C2b
in Table 3).
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7 CDM classification criteria

ESD sensitive (ESDS) devices are classified according to the test procedure described in this
document. CDM test results are specific to the particular package type used. The device
classification is the highest ESD stress voltage level (both positive and negative polarities) at
which a sample of at least three devices has passed full static and dynamic testing as per data
sheet parameters following ESD testing. The CDM ESDS device classification levels are
presented in Table 3.

Table 3 — CDM ESDS device classification levels

I
CILssification level 2 Classification test condition (in volts) P

Co0a <125

COb 125 to < 250

C1 250 to < 500

C2a 500 to < 750

C2b 750 to < 1 000

C3 21000°

a8 PDse the "C" prefix to indicate a CDM classification level.

The Classification Test Condition is not equivalent to the actual set{voltage of the tester. See 5.6.1 [and
Annex H for further details.

For test conditions above 1 000 V, depending on geometry of the device package, corona effects can limif the
hctual pre-discharge voltage and discharge current.
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Annex A
(normative)

Verification module (metal disc) specifications and cleaning guidelines

A1

for verification modules and testers

Tester verification modules and field plate dielectric

The verification modules (metal discs) shall be made of brass, plated with nickel or gold/nickel,
may optionally have a gold flash coating over the nickel. They shall be manufacturedi\tq the

man

Cau
If th

The

and
dimeinsions specified in Table A.1 and shall be verified once before the initial use by eithe

ufacturer or user.

ion shall be exercised during the manufacture of the discs so that they arg,free from b
b perimeter of the disc has burrs, arcing may occur which may alter thecresults.

range specified in Table A.1.

Table A.1 — Specification for CDM tester verification\modules (metal discs)

the

Urrs.

field plate dielectric is chosen (see 4.1.4) to result in a capacitance measurement irl the

Disk Small Large
Diameter mm (inches) 8,89 + 0,127 (0,350 +,0,005) 25,4 + 0,127 (1,000 + 0,005
Thickness mm (inches) 1,27 + 0,05 (0,05 %¢0,002) 1,27 + 0,05 (0,050 £ 0,002)
$urface flatpess variation mm < 0,1274(8,005) < 0,127 (0,005)
(inches)
Capacitance at 1 MHz (pF) 6,8 £5 % 55+5%

A.2

To 4
the
for 4
top

Care of verification modules

void charge loss in verification modules during charged device model (CDM) evalua

to mlaintain cleanliness.

The
accd

capacitance of the small and large verification modules (metal discs) shall be meas
rding<to.the procedure in Annex B, and shall conform to the values specified in Table

The

tion,

yerification modules should be cleaned using isopropanol (isopropyl alcohol, IPA) swWabs
bout 20 s as approved by the local safety organization, and dried in a moderate air stream
event charge leakage during test operation. Verification modules should be handled sp as

tester should be cleaned periodically with isopropanol to remove any surface contamination

that could result in charge loss. Particular attention should be paid to the discharge probe and

field

plate dielectric on which the device is placed.

Cleaning with isopropyl alcohol swabs can leave the surface moist for some period of time after
the cleaning. The moisture can provide an unintended leakage path if present during the test.
It is important to dry all surfaces after cleaning either by allowing sufficient time for the surfaces
to dry or using forced air flow to evaporate the moisture.
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Annex B
(normative)

Capacitance measurement of verification modules (metal discs)
sitting on a tester field plate dielectric

a) The capacitance of the verification modules shall be measured in-situ (inside the CDM
simulator), but can also be measured outside of the CDM simulator as guidance.

b) The small verification module is placed on the dielectric layer which is in direct contact with

f
f
[
c)

;
d) (
f
|
)
[«

e) F

NOTE

for e3
with
subtr

Itis

e surface of the grounded metallic field plate. Ensure there is no air space between the

hetallic field plate. It is recommended that vacuum be used to ensure the verification mo
5 held in place against the field plate dielectric.

Ensure the capacitance meter is "zeroed out" prior to measurement.

Connect the two leads from the capacitance meter (CP) as follows: One metallic lead/c

lleasure the capacitance of the module to the grounded field plate.<The capacitance v
f the verification module shall be within the value specified in.Table A.1.

Repeat steps a) to d) using the large verification module on‘the dielectric.
Placement of the CP meter leads can cause changes in the measured’capacitance. One preventive tech

he verification module lead/cable just above, but not touching] the verification module. The second read
hcted from the first to result in the true measured value.

recommended to use a meter with "guarded leads".

hodule and the dielectric layer, and also no air space between the dielectric layer ahd the

dule

able

rom the CP is connected to an exposed point on the field plate. The second mefallic
pad/cable from the CP is connected to the top of the verification madule (in the cenfre).

alue

hique

ch verification module is to take a first measurement as outlined iniitem d)and then take a second measurgment

ng is
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Annex C
(normative)

Testing of small package integrated circuits
and discrete semiconductors (ICDS)

Testing rationale

This annex describes a procedure for setting a capacitance limit C.....;, below which small

package integrated circuits and discrete semiconductors no longer need to be tested for'\G

ICD

devices. Very small ICDS also have very low capacitance to surroundings, including dy

CD
eith
fail
pac
pea

dim
of v

— ¢apacitance between the ICDS and the field plate
— the technology used to fabricate the device

— general ESD protection strategy used
— design style used to design the device
— thoroughness of ESD design rule checks

Cc.2

The [following progedure can be used to determine a limit, Cg 5, at and below which CDM tes

isn

resn{ts in a very narrow, but still high current pulse. It is very difficult.to'set a minimum pach

DM.

in very small packages are very difficult to test, due to the challenge of handling small

testing. With a small capacitance very little charge is transferred during @ CDM e
r in a factory environment or during CDM testing. Small package ICDS therefore sel

kage ICDS. The charge transferred during a small package CDM event can be small bu
k currents remain high, usually over an amp since the RLC equivalent’gircuit of a CDM e

nsion or capacitance for CDM testing because CDM failure leyels depend on a wide va
riables, including those listed below.

4 advanced low voltage technologies have thin~gate oxides with low breakdown vol
and can be more susceptible to CDM damagé without a proper protection scheme

4 high voltage technologies have diffusions:which can be subject to CDM damage
ESD protection circuits used in the device

package type which can influence inductance in the CDM current path

Procedure for Determining C,.;
ot requiredfor a particular integrated circuit technology:

Choose-at least 5 ICDS designs from a technology, with varying package sizes
Therequirements for circuits to be considered from the same technology are given in (

ring
ent,
dom

juring CDM testing. This does not, however, mean that there is no €DM risk for sgjmall

[ the
vent
age
riety

age

ting

L.3

wvieasure e Capacitance petweel edChl 1TLUDS SuDstrale, usudlly the ground pin, dll
CDM tester’s field plate when the ICDS is in the position for CDM testing, using
procedure in Annex B for measuring the capacitance of the verification modules.

the
the

Packages shall be at least 4 times the size of the vacuum hole in the dielectric layer or the
metal field plate, whichever is larger. If the package is less than 4 times the size of the vacuum
hole a test fixture which holds the package against the dielectric is used. At this time, there is
no universally recognized method for testing CDM capability on packages that are less than 4
times the size of the vacuum holes. Techniques including mechanical methods for holding the
package made of FR4 with the package not over vacuum holes, or packaging die in a different

pac

kage, have been used.
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A separate test fixture can be used for measuring the capacitance if it uses the s
thickness and material for the field plate dielectric layer as the CDM tester.

ame

Perform CDM testing at TC 1 000 for 3 samples in accordance with 6.3c) for each of the

5 ICDS designs.

The ICDS capacitance, at which all ICDS with that capacitance and lower all pass CDM TC

1000, is C

small-

To ensure there is no air space between the integrated circuit and the dielectric layer, and also
no air space between the dielectric layer and the metallic field plate, the use of vacuum is
recommended.

ICD$ with substrate to CDM tester field plate capacitance equal to or less than Cg,,~dg
need to be tested for CDM if the following conditions are met:

C.3| ICDS Technology requirements

ICD$ are considered to be from the same technologyifithe following conditions are met:

The ICDS has passed HBM according to requirements of the technology. This indicateg
gxpected protection circuit is present.

The ICDS uses the same technology, as defined in C.3, as used to determine Cg -

nequirement shall be considered to have a CDM passing level of TC 750 (Classifica
Level C3b).

the ICDS shall use the same wafer fabrication:flow.
311 ICDS shall use the same ESD protection circuits and ESD design rules.

all ICDS shall have their substrate to,CDM tester field plate capacitance measured u
the procedures in Annex B.

galculated substrate to field-plate capacitance can be used if the calculation procedure
bheen verified with measurements using the procedures in Annex B.

not

the

ICDS devices not tested because their capacitance is below Cg,\rand satisfy the aove

tion

sing

g separate test fixture which simulates the CDM tester field plate and dielectric can be used.

has
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Annex D
(informative)

CDM test hardware and metrology improvements

The goal of this document is to reduce duplication of effort and confusion by developing a single
agreed standard, correcting deficiencies in previous CDM standards whilst maintaining similar
stress levels as those previous standards. This required significant hardware and metrology
changes to arrive at an improved joint standard. This informative annex describes the
motivations for these updates.

Whse
with

major changes in this test method are listed below.

bome details of the required waveforms have been modified to better match the h
requency behaviour of CDM events.

[he test method now requires that the test head not include ferrites.‘@r other circui
hodify the high-frequency behaviour of the CDM pulse.

[he test method now requires that tester qualification and requalification be performed
6 GHz or faster oscilloscope, and recommends the use of 6.GHz or faster oscillosc
pr quarterly and regular tester verification if a fast oscilloscepé”is available.

[he tester qualification and verification procedures have been modified to give
exibility in the field plate voltage settings to arrive at the required peak currents.

igh-

s to

with
pes

nore

[he specification of test levels by voltage has beendeplaced by a series of test condiffions

Vhich are related to the previous voltage levels,

n the original CDM test method was developéd'in the late 1980s, single-shot oscillosc
1 GHz and higher bandwidths were expensive, not readily available and less capable

thos

available today. The result was thatthe original waveforms used to develop preV

standards had a wider half-width than\was characteristic of the actual CDM event
meajsurement capability improved and-the high frequency behaviour of test heads was impr

test
Ino
tob
rang
peal
harn
was
requ

The

r manufacturers found the peak width at half-height was narrower than allowed previo
der to meet the peak width athalf-height, ferrite beads were often added to the test K
ring the current waveformshinto compliance. When oscilloscopes in the 4 GHz to 8
e become readily available, it was found that the ferrite beads, which simply broadeneg

width when measured-with a 1 GHz oscilloscope, created undesirable high-frequs
nonics with undesirable consequences. A primary goal in the development of this docur
to remove the (ferrite beads from the CDM test heads and to modify the wave
irements to allow this change.

1 GHz oscilloscope specified previously is only marginally fast enough to capture (
ts and.significantly reduces the measured peak current of the captured wavefo

gcially for the small verification module and small integrated circuits. Accurate peak cu

pes
than
ious
As

ved,
isly.
ead
GHz
the
ENCcy
nhent
form

available in the new standard, although the higher bandwidth oscilloscope is recommended if it
is available.

The increased flexibility between the required peak current values and the field plate voltage to
produce the peak current has been implemented for two reasons: to better match current
practice, and to achieve similar stress levels as the legacy standards.
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Previous standards specified the CDM tester geometry, as well as the required waveforms at
specified field plate voltages. CDM tester manufacturers quickly found that it was often
impossible to obtain the required peak current values with the required geometry and the
specified field plate voltage. The manufacturers introduced adjustments to the field plate
voltage so that the required waveforms were obtained when the specified voltage was selected
in the CDM tester software. This adjustment was reasonable since it is known that it is peak
current, not field plate voltage, which damages integrated circuits. The result was that when an
integrated circuit passed 500 V, the field plate voltage was often considerably different than
500 V, but the intended current pulse was in fact applied to the device under test.

The removal of the ferrite beads, and the extra impedance which the beads produced, has
resulted in higher peak currents than were present in legacy test methods for the same field
plat¢ voltage and tester geometry. This creates a second reason to give more flexibijlity, i the
setting of the field plate voltage to obtain the required peak currents. Since CDM failure|is a
res%t of the peak current during the CDM event, it is therefore more important-that diffgrent

CDM testers create the same peak current for specified test conditions rather thanthat the field
plate voltages are the same. For this reason, the test voltages specified in the learlier standard
CDM documents have been replaced by a series of test conditions produ¢ing peak currents
similar to those at the specified voltages in recent previous standards.
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Annex E
(informative)

CDM tester electrical schematic

Figure E.1 represents an electrical model of a CDM tester setup. CDUT is the capacitance
between the DUT and the field plate, CDG is the capacitance between the DUT and the ground
plane, and CFG is the capacitance between the field plate and the ground plane. The 1 Q
resistance between the pogo pin and the ground plane may be the parallel combination of the
resistive probe and the coaxial cable/oscilloscope impedance as described above. The
resiitance of the spark which forms between the pogo pin and the DUT is assumed tq be a
variable resistance. The inductance of the pogo pin and spark are lumped together as. asingle
indufctor.

1 Q effective resistance

Pogo pin and
spark inductance

Spark

Charging é

IEC

Figure E.1 — Simplified €DM tester electrical schematic
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Annex F
(informative)

Sample oscilloscope setup and waveform

F.1 General

The following setup examples are based on measurements of a TC 500 waveform usinga 1 GHz
and 8 GHz oscilloscope. Other oscilloscopes will have different settings, but this annex should
provfide basic guidelnes that can be used on MoSt OSCINOSCOpPES.

F.2| Settings for the 1 GHz bandwidth oscilloscope

Vertical 200 mV/division (small verification module) or 200 mV//division (lafge
verification module)

Tinpebase 400 ps/division

Trigger 300 mV small verification module or 400 mV larg€\verification module

Impedance 50 Q

Thesge settings are for an oscilloscope for which the attentation correction could not be made.

F.3| Settings for the high-bandwidth oscilloscope

Vettical 2 V/division (small verification module) or 2 V/division (large verificafion
module)

Tinpebase 400 ps/division

Trigger 3 V small verification module or 4 V large verification module

Impedance 50 Q

Thesge settings are for an oscilloscope for which the attenuation correction was made in the
oscilloscope software:

F.4| Setup

Attarh the 20 dB attenuator to the oscilloscope. Attach the cable to the end of the attenyator
and ftosthe’voltage output of the CDM tester.

NOTE The 20 dB attenuator is a 10x attenuator. If the oscilloscope does not automatically compensate for this, the
measurements need to be multiplied by 10 to get the correct reading (e.g. from the small verification module used in
figure F.1, 532 mV = 5,32 A peak current).

F.5 Sample waveforms from a 1 GHz oscilloscope

Sample waveforms from a 1 GHz oscilloscope are illustrated in Figure F.1 and Figure F.2.
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Tek run: 5,00 GS/s Sample
o 17197 :

Figure F.1 —1 GHz TC 500, small-verification module

Tek run: 5,00 GS/s Sample m
sl U AT, 6 & Wi |

1088V
@: 1068V

@i 200 mva

" M 400ps Chi £ 340mV

. ll:;C
Figure F.2 — 1 GHz TC 500, large verification module

F.6 Sample waveforms from an 8 GHz oscilloscope

Sample waveforms from an 8 GHz oscilloscope are illustrated in Figure F.3 and Figure F.4.
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Figure F.3 — 8 GHz TC 500, small verification module
(oscilloscope adjusts for att ation)
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Figure F.4 — GHz TC 500, large verification module
(oscilloscope adjusts for attenuation)
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Annex G
(informative)

Field-induced CDM tester discharge procedures

General

Annex G describes the two types of discharge procedures used in field-induced CDM test

equi

pment.

G.2

The
usin
illus
a) R
b) T
c)
d)

e)

g) H

Single discharge procedure

single positive and single negative discharges can be applied with two individual discha
g this sequence of steps producing the sequence of charging/dischanging eventg
rated in Figure G.1.

Place the uncharged DUT on the field plate and align it.

[he field voltage is established by raising the voltage on thg'\field plate to the spec
tress level.

[he first discharge is made by lowering the pogo pin to the, DUT (see Figure G.1).

[he pogo pin continues to descend until it makes physical contact with the device pin u
est (PUT) to ensure full charge transfer and to provide a conduction path to ground.

emoves the charge that was transferred to the’DUT during the first CDM discharge.

[he pogo pin is returned to its starting (separated) position (see Figure G.1) beforg
oltage of the same or opposite polafity is applied to the field plate for subseq
ischarges.

Repeat for each pin to be tested.
S A
o
o
Qg_’ lDown Up
I_ =N\
KFiELD PLATE J N < e —
Iecom r _T>
Ime

Field plate (Vg p pLaTe dashed line) at High Voltage (+)
before DUT is contacted by pogo pin, and at Zero before

raising the pogo pin IEC

rges
b as

ified

hder

'hen the voltage on the field plate is slowly (resistively) returned to zero, which complgtely

the
Lent

G.3

Figure G.1 — Single discharge procedure
(field charging, Icpy Pulse, and slow discharge)

Dual discharge procedure

The single positive and single negative discharges can be applied with one pair of alternating

pola

rity discharges using this sequence of steps producing the sequence

charging/discharging events as illustrated in Figure G.2.

a) Place the uncharged DUT on the field plate and align it.

of

b) The field voltage for the positive stress is established by raising the voltage on the field
plate to the specified stress level.
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g)
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The first discharge is made by lowering the pogo pin to the DUT (see Figure G.2).

The pogo pin continues to descend until it makes physical contact with the DUT. This is to
ensure full charge transfer and to provide a conduction path to ground.

The pogo pin is returned to its starting separated position (see Figure G.2), leaving the
device with a net charge.

The voltage on the field plate is slowly (resistively) returned to zero, which completely
removes the charge on the field plate. The DUT will still have a net charge.

The pogo pin is lowered (the second down arrow to the right in Figure G.2) a second time
for the second discharge, which will be of opposite polarity and the same magnitude.

Repeat for each pin to be tested.
S A
o
o
D
DO_ Down
Tup Down
- —— o ——
: |
VEIELD PLATE J — g oy
Icpm T

Field plate (Vg g p pLaTE dashed line) at High Voltage (+)
when DUT is first contacted by pogo pin, and at Zero

when contacted the second time.
IEC

Figure G.2 — Dual discharge procedure
(field charging, 15t Ipy pulse;.no field, 2"d 7.5\ pulse)
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Annex H
(informative)

Waveform verification procedures

H.1 Factor/offset adjustment method

This procedure aligns the tester for direct software voltage input of the test condition for the full
alignment range. This method may not allow for alignment of each test condition with the target

mid{range o pass own Iin Table T or Table Z, but It IS the easiest 10 use In a lab environment

with| multiple testers, as the software voltage entered matches the test condition target’level
and |does not require linear interpolation/extrapolation for test conditions other than—the|five
levels listed in Table 1 or Table 2.

The|requirements/details of this method are as follows:

— a single factor/offset is used across the entire test condition range;

— g different factor/offset can be used for each polarity;

— the same factor/offset shall be used for both large and small verification modules.
Figure H.1 below depicts the waveform verification flow for‘qualification/re-qualification|and

quaiterly checks, while Figure H.2 shows the flow for routinge verifications. Table H.1 shows an
example of the data that should be recorded.
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Record I, #, FWMH and Ip2
for each TC condition as well

Qualification/quarterly flow as the final Factor/offset for

Start with the TC END
500 test condition each polarity using a table
similar to that shown in
Y 3}
Place the large or Aves
small verification
moduleton the [
system Does polarities been
o n
I No avg I, fall within : Yes completed?
; the range as defined in
Set to either
e Table 1 or 2? A Y
positive or > See Note 3 es
ne.gaji\/p
polarity Have
A both large and
Y - Y small verification
rouve | Mo T -
Software voltage 9¢ Jp: completed?
TC 500 = 500 V) system. tr, FWMH
See Note 2 and I,
A Aves
Y
Align the ground Using either the single or \
pin to the dual discharge method, Has TC 1 000
verification discharge and record 10 been capturediet?
module consecutive waveforms or No change in the
using the appropriate factorfoffset?
Y oscilloscope
Usirlg either the single or i
dudl discharge method, X/ y No
disgharge and record 10 Alian the ground
corfsecutive waveforms gpin to ?he soﬁwsrit\tlgleta o
uging the appropriate verification (TC 1000 = 1 OC?O V)
oscilloscope module
\J ‘4 - :
. L
Record the Adjust the factor/ Input the » Input the Input the
average I, Offset of the software voltage software voltage software voltage
fr, FWMH system. (TC 125 = 125.V) (TC 250 = 250 V) (TC 750 = 750 V)
and In2 See Note 2
A A A A
No No &% No No
<
Does avg I fall in Has TC 125 Has TC 250 Has TC 750
= the mid-range of I, as been captured yet? Y been captured yet? - been captured yet?
defined in Table 1 or 2? " yq+_ (y0r No change in the Yes or No change in the " yoq . or No change in the | yeg
See Note 1 factor/offset? factor/offset? factor/offset?
IEC
Figure H.1.= An example of a waveform verification flow for qualification
and-quarterly checks using the factor/offset adjustment method
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Routine Use the TC 500
flow test condition

\J
Place the large or
small verification
module on the
system

Y
Set to either
positive or
negative
polarity

\J

Input the
software voltage
(TC 500 =500 V)

Y
Align the ground
pin to the
verification
module

\J
Using either the single or
dual discharge method,
discharge and record 10
consecutive waveforms
using the appropriate
oscilloscope
' \
Record the
average I,
tr, FWMH
and I,

\J

Does avg |,
Refer to flow in No fall in ~ the range
Figure H.1 - of I, as defined;in Table
1 or 27,

v Yes
No

N

Record Ip, 1, FWMH and 1

\ Have both large Yes Have both Yes for each TC condition as we
= and small verification modules »_ polarities been » as the final Factor/offset fg
been completed? completed? each polarity using a tabl¢

similar to that shown in H.

= =

\J

No
End

IEC

Figure H.2 — An example of a waveform verification flow for the routine checks
using the factor/offset adjustment method

NOTE 1 Targeting to the mid-range of TC 500 is a starting point for adjustment of the field plate voltage. Based on
the results of the other test conditions (TC 125/250/750/1000) the Iyeak CAN end up higher or lower than the mid-

range value on TC 500. As shown in Figure H.3, adjustments in the factor/offset can shift the Ipeak higher or lower.

NOTE 2 To properly calibrate systems, tester manufacturers have implemented a secondary "adjustment"
parameter as an offset from the software voltage setting, either represented as a voltage "multiplier" value or a
percentage "offset" value which modifies the field plate voltage. The tester manufacturer can be consulted for more
detail.
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After several iterations through this loop, if the user finds they cannot meet the Ipeak Fange as

defined in Table 1 or Table 2 or the factor/offset is outside the typical documented range, the
verification modules and ground pin can be cleaned and all connections checked for tightness.
If this still does not work, the system vacuum can be checked or the ground pin replaced. The
tester manufacturer can be contacted for more information.

\ Ipeak Avg large slug

Y peak (A)
w
o

Factor >1

I increases
25

H.2

This
will

adju
of th
dete
soft
this

Factor <1
reduces
) /
15 /
10
X “Avg I
g ~= Linear (Avg Ip)
5 /

0 r ; ; ; . ; ; ; ; [
0 125 250 375 500 625 750 875 1000 1125

Software voltage
IEC

Figure H.3 — Example of average I, for the large verification module -
high bandwidth oscilloscope

Software voltage adjustment method

procedure does not adjust the factor/offset but leaves the factor/offset with a value
not impact the field\\plate voltage and uses the software voltage entry as the prir
stment of the field plate voltage. This method will allow for a much more accurate targg
e midpoint of \the I, range as defined in Table 1 or Table 2, but creates complexi

vare voltage entries, other than the five test condition levels, (which will be determine
procedure) will require linear interpolation/extrapolation.

The

that
nary
ting
y in

rmining the“correct software voltage entry between the five test conditions. Determining

din

requirements/details of this method are as follows:

— aunique software voltage setting is determined for each test condition;

— unique voltage settings may be used for each polarity (at each test condition);

— the same software voltage setting shall be used for both large and small verification modules
at each test condition;

— testing at levels other than the five test conditions will require a linear
interpolation/extrapolation to determine the correct software voltage entry.

Figure H.4 below depicts the waveform verification flow for qualification/re-qualification and
quarterly checks while Figure H.5 shows the flow for routine verifications. Table H.2 shows an
example of the data which should be recorded.
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Start with the TC

Qualification/quarterly flow

37—

Record Ip, t, FWMH and Ip2
for each TC condition as well
as the final sofware voltage

~ ’ : » END
500 test condition setting for each TC/polarity
T using a table similar to that
\ 4 shown in H.3
Place the large or Ayves
small verification | -
moduleton the No e
Sysel, Does polarities been
Y No avg I, fall within Yes completed?
Set to either ~ the mid-range as defined in
positive or le Table 10or2?2@ Aves
negative
polgrity Have
B Y Ra - . - o both large and
Inout an initial Record the small verification
N ¢ Adjust the software average I, No modules been
Eoftware voltage ;
voltage setting t., FWMH completed?
(TC 500) r
and I
v B i
Ensure factor Yes
offset set to 1/0
Y Using either the single or
: dual discharge method
Align th d ’
Iggin tz %r](;un discharge and record 10 Has TC-{ 000 been .
verification consecutive waveforms captuiced yet?
Tiealils using the appropriate -
. oscilloscope )
Y i
Usinyg either the single or No
dug discharge method, Y
dismarge_ and record 10 Align_ the ground { Input the
co$ecutlve wavef<_>rms >l pin to the <) software voltage
us|ng th_e appropriate verification I (TC 1.000)
oscilloscope module s
| PN
Record the Al o Input thef Input the Input the
average I, JUISt WD EOUTETS softwareVoltage software voltage software voltage
t,, FWMH voltage setting (TG 125) (TC 250) (TC 750)
and I,
A U1 A A
No Ne No No
Does avg I, fall in W
»~ ~the mid-range of Iyas ) «“ Has TC 125 been L Has TC 250 been Has TC 750 been
defined in Table Yes captured yet? Yes captured yet? Yes captured yet? Yes
1o0r2?
IEC
After several iterations through this loop, if the user finds they cannot meet the Ipeak range as defined in Tgble 1
of Table 2 jor‘that the software voltage setting is well outside the typical documented range, re-clean the
verification’'modules and ground pin and check that all connections are tight. If this still does not work, chedk the
system~vacuum or look at replacement of the ground pin. Consult the tester manufacturer for more information.

Figure H.4 — An example of a waveform verification flow for qualification

and quarterly checks using the software voltage adjustment method
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Routine

Use the TC 500
flow

test condition

Y
Place the large or
small verification
module on the
system
4
Set to either
positive or
negative
polarity

\J

Input the
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record software
voltage for TC 500

Y
Align the ground
pin to the
verification
module
\J
Using either the single or
dual discharge method,
discharge and record 10
consecutive waveforms
using the appropriate
oscilloscope

' \
Record the
average I,
tr, FWMH
and I,
A
Does avg |,
Lfer to flow in No fall in the range
Figure H.4 - of I, as defined;in Table
1 or 27
y Yes
No
Record Ip, t, FWMH and 1},
Have both large Have both Yes for the TC condition as welll
= and small verification modules »_ polarities been as the software voltage for
been completed? completed? each polarity using a tabl¢
similar to that shown in H.
No X
End
IEC
Figure H.5 — An example of a waveform verification flow for the routine
checks using the software voltage adjustment method
H.3

Example parameter recording tables

Table H.1 gives an example table of CDM qualification/quarterly verification waveform
parameters to be recorded for the factor/offset adjustment method.
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Table H.1 — Example waveform parameter recording table
for the factor/offset adjustment method

— 39 —

Tester — System # 1

Polarity = positive

Scope bandwidth = 8 GHz

Factor/offset final setting = 0,82

Module Date % RH | Test cond | Software Ip pve I AVG FWHM ,,¢ Ip, Ip,
size voltage AVG
(A) (ps) (ps) (A) (% Ipq)
Large dd/m/yy X% TC 500 500 12,1 275 610 4,3 36 %
mall ad/mryy A 7o I'C OUU oUU r,9U 160 400U 9,1 Q|7
Lprge dd/m/yy X% TC 125 125 2,90 283 611 1,1 381|%
Small dd/m/yy X% TC 125 125 1,90 201 395 1A 581|%
Lprge dd/mlyy X % TC 250 250 6,00 276 609 2,2 37|%
Small dd/m/yy X% TC 250 250 3,70 186 397 21 57 |%
Lprge dd/mlyy X % TC 750 750 18,30 274 611 7,2 39|%
Small dd/m/yy X% TC 750 750 11,00 190 398 6,1 55|%
Lprge dd/m/yy X% TC 1 000 1 000 24,40 276 612 9,2 38|%
Small dd/m/yy X% TC 1 000 1 000 14,60 187 399 7,4 511%

Table H.2 gives an example of CDM qualification / quatterly verification waveform parameters

to be recorded for the software voltage adjustment method.

Table H.2 — Example waveform)parameter recording table

for the software voltage adjustment method

Tester — System # 2

Pglarity = positive

Scope bandwidth = 8 GHz

Factor/offset final setting = 1/0

Module Date % RH | Test cond | Software Ip pve R AvVG FWHM .\ Ip, I,
gize voltage AVG
(A) (ps) (ps) (A) (% 451)

Lprge dd/mlyy X% TC 500 410 12,1 275 610 4,3 36|%
Small dd/mlyy X% TC 500 410 7,30 185 400 3,7 51|%
Lprge dd/mlyy X % TC 125 105 2,90 283 611 1,1 38|%
Small dd’mlyy X % TC 125 105 1,90 201 395 1,1 58|%
Lprge dd/m/yy X % TC 250 205 6,00 276 609 2,2 37|%
Small dd/m/yy X% TC 250 205 3,70 186 397 21 57 %
Lprge dd/mlyy X % TC 750 620 18,30 274 611 7,2 39|%
Small dd/m/yy X% TC 750 620 11,00 190 398 6,1 55 %
Large dd/m/yy X% TC 1 000 840 24,40 276 612 9,2 38 %
Small dd/m/yy X % TC 1 000 840 14,60 187 399 7,4 51 %
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Annex |
(informative)

Determining the appropriate charge delay
for full charging of a large module or device

General

Annex | describes the procedure for characterizing the charge delay on the CDM tester and

detgrmining the appropriate delay (for full charging) as either the default delay for the sy

(if th
for g

1.2

Follpw the procedure below to determine an appropriate charge delay,

Usin

a) $
1

b)
g

c) Increase the pre-charge delay by 50 ms, colleet*10 waveforms, record the Iy from each,

d) (

g)

oL S - |

e initial large verification module checkout fails as described in 5.9) or the delay-requ
very large package device.

Procedure for charge delay determination

g the large verification module or the ground pin of a very large-package device:

bet the field plate voltage at +250 V (any voltage can be used as the objective is to mo
p)-
Vith the pre-/post-charge delay set to 0 ms, collect’10 waveforms and record the Iy
ach. Calculate the average /, of the waveforms:

alculate their average /.

Continue incrementing the delay by 50*ms (a larger or smaller step can be chosen)
ecord the average Iy until a minimum*of 500 ms charge delay.

Plot the results as shown in Figure I.1.

'he appropriate charge delay-results in a "saturation point" for Ip. As shown in Figurg
o for this example saturates at ~300 ms. Adding some guard band to this example w|

nsure that a pre-charge delay of 400 ms would be sufficient as either the default ch
elay on the system\\if the large verification module had been used) or as the requ
harge delay on (@ specific large package device if a large device had been used ag
ehicle for the data collection.

For most large devices, it is expected that 500 ms will be sufficient to reach a saturd
oint. However, if after 500 ms, a saturation point has not been reached, repeat step
nd e)=until this occurs.

h) ILis important to note that longer delay times do not "overcharge" the device but would

tem
ired

hitor

from

and

and

1.1,
ould
arge

ired
the

tion
s d)

only

crease test time
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Figure 1.1 — An example characterization of charg%(\&‘ay vs. I,
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Annex J
(informative)

Electrostatic discharge (ESD) sensitivity testing direct
contact charged device model (DC-CDM)

NOTE The method identified in Annex J has not been shown to give results that correlate with results using the
hardware and field-induced method specified in the body of this document.

J.1

Ann
disc
elec

General

frostatic discharges. It is an alternative to the field-induced (FI) model.

This|test method is used to reproduce and evaluate the effect of the discharge of a device

This
that

to that expected in the final application.

This

J.2

Two
stan

test method is classified as destructive.

Standard test module

dard test modules, and are made of brass plated with nickel or gold/nickel and

optionally have a gold flash coating over the nickel.

The
bath
leak

using isopropanol for aboutv20 s and dried in a moderate air stream to prevent ch
pge during test operation.

Table J. 17— Dimensions of the standard test modules

Type(ofymodules Diameter Thickness
(mm) (mm)
Small 9,0+ 0,1 1,3+0,1
Large 25,5+ 0,2 1,3+0,1

bx J describes the direct contact charged device model (DC-CDM) for the electrosfatic
harge test method, which is used to evaluate the sensitivity of integrated, cCircuits to

test method is for use on packaged devices. Where it is necessary\to evaluate compongnts
are shipped as wafers or bare chips, the components are assermbled into a package sirilar

types of the metal disks (listed in Table Ji1), one small and one large, are used ag the

may

standard test modules for the field-induced CDM simulator can be cleaned in an ultrasponic

hrge

J.3

Test equipment (CDM simulator)

J.3.1 Test equipment design

The test equipment should be designed on the basis of the test circuits described below and
should satisfy the verification conditions specified in Clause J.4.
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J.3.2 DUT (device under test) support

The DUT should be capable of being placed on an insulating sheet attached to a metal plate as
shown in Figure J.1. The metal plate should be of sufficiently wide area to contain the DUT and
should be able to maintain ground potential. The insulating sheet is 0,4 mm £ 0,04 mm in
thickness, relative permittivity 4,0 + 0,5 at 1 GHz, volume resistivity 1 x 105 Qm or more and
with a breakdown voltage higher than the test voltage. A glass epoxy material (e.g. FR-4) is in
the range of a relative permittivity of 4,0 £ 0,5 at 1 GHz.

J.3.3 Metal bar/board

The|metal bar/board is connected to ground potential. The shape of the metal bar/board]is a
column, a square pillar, a disc or a square board. The metal bar/board is connected tq the
groynd with a wire (connect the wire to the grounding connection on the housing of-the|test
equipment). The test equipment should meet the verification specified in Clause J,4 by changing
the size and configuration of the metal bar/board, and the length of the electrode.

Metal bar
\ % Ri Metal board jr % R

DUT Switch L H.V. Resistive <& H.V.
- 5 3R material R —_—
o >112 | 3 S 7}7_
Resnspve Electrode
material Ry : DUT
Terminal Resistive materfal R,

] Terminal

Vi 1 % 1

Metal plate Metal plate Insulating sheet

Insulating sheet
EC IEC

a) Example of use of a metal bar b) Example of use of a metal board
and a resistive material R,

Figure J.1 — Examples of discharge circuit where
the discharge is caused by closing the switch

J.3.4 Equipment setup

All df the terminals of the DUT should be capable of maintaining the test potential of the high
voltage powensupply (H.V.) as shown in Figure J.1. When a high-voltage power supply is tp be
connected-to the terminals of the DUT via a wire, a charging resistor R, that is capabje of

withstanding the test voltage is connected in series between the power supply and the terminals.
Resistor' R, should have a resistance in the range of 10 MQ to 100 MQ, but it can be grdater

provided it meets the conditions prescribed in J.4. When a high-voltage power supply is
connected to the terminals of the DUT via an electrode, a resistor/resistive material R, with a

resistance in the range of 1 MQ to 10 MQ is connected in series near the electrode.

The position of R, is to be close to the electrode to prevent the wiring being affected during
discharges. When R, is a resistive material, as shown in Figure J.1 b), connect with the
electrode directly.
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It is recommended that a resistive material R; should be connected to all the terminals of the
DUT to ensure that the potentials of all the terminals coincide with the test voltage (see J.5.2 b)).
The volume resistivity of the resistive material R3 should be 1 x 104 Qm to 1 x 108 Qm. When
the resistive material R; cannot make contact with all terminals of the DUT, as a minimum, the
test terminal and power pins of the DUT should be capable of being charged (see J.4.3).

J.4 Verification of test equipment

J.4.1 General description of verification test equipment

The|verification test measures the discharge current flow to the metal bar/board frem| the
standard test module as shown in Figure J.2.

—_
[e]

In practice, for the actual verification, a current sensor, such as the current praebes is addgd
the equipment. The idealised parameters, without current sensor, are specified in Figure|J

Table J.2 and Table J.3.

Metal bar/board

©

Switch Discharge cufrent which should be measured

Standard test module
Electrode

\\) Insulating sheet

IEC

Figure J.2 - Verification test equipment for measuring the discharge current flowing
to the metal bar/board from the standard test module

0,9
o
ld ~
0’5 ———»
0,1 /\
0  —~ -
A 1 L 5 . —

Ip2

IEC

Figure J.3 — Current waveform
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Table J.2 — Specified current waveform

Specified values
Parameter Unit Symbol Small standard test Large standard test
module module
Rise time ps L < 350 <450
Pulse width ps Iy 325to0 725 500 to 1 000
Peak current A Iy (see Table J.3) (see Table J.3)
Undershoot current A loo <0,7 x I, <05 x I,

Table J.3 — Range of peak current Iy for test equipment

Verification voltage Values of peak current I, (A)
v) Small standard test module Large standard test module
125 1,1t0 1,6 2,110 3,1
250 2,2to0 3,1 4,210 6,2
500 4,4 to 6,2 8,4t012,4
750 6,6 to 9,3 12,6 to 18,6
1 000 8,8t0 12,4 16,8 to 24,8

J.4.2

Instruments for measurement

An gscilloscope with a single shot bandwidth<of at least 1 GHz (2 GHz is recommended)

50 (

input impedance is used. When a samipling-type oscilloscope is used, a minimum

time| sample rate of 5 GHz is used.

A c

circyit described in J.4.3, prior to-verification of the test equipment.

J.4.
J.4.

Ino

is ad

is v
bar/
will

] Verification of test equipment, using a current probe
8.1 Verification circuit

der to measire the applied voltage using a current probe, a metal wire of 8 mm in le

poard“with the oscilloscope and current probe specified in J.4.2. Since the current p
not be able to withstand the high voltage required by this method, it will be necessa

maintain the insulation between the current probe and the high-voltage circuit.

with
eal-

rrent probe with bandwidth of.ab least 2 GHz is used to evaluate the current measurement

ngth

ded to the'standard test module specified in J.2. As shown in Figure J.4, the test equipment
brified by )measuring the discharge current from a standard test module to the metal

robe
y to
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Metal bar/board

Oscilloscope

H.V. Y

Discharge current

Insulating material

L AN -

ere/ \ UTTTTIU PIUUC
Standard test module
(8,0 mm =0,5 mm in length) IEC
Figure J.4 — Measurement circuit for verification method using a current probe

J.4.3.2 Verification procedure

Veritication is carried out as follows.

a) Clean the standard test modules and the insulating sheet using-isopropanol.

b) Flace the standard test module on the insulating sheet{covering the metal plate. After
passing a wire 8 mm in length through the hole for measurement of the current probe] the
gtandard test module and the probe of the CDM equipment are connected to both ends|of a
wire, as shown in Figure J.4.

c) Apply a voltage to the standard test module..Unless otherwise specified, the voltageq are
125V, -125V, +250 V, -250 V, +500 V, -5Q00'V, +750V, =750V, +1000 V and -1 000|V to
meet the test voltage range. When a test exceeding 1000 V is performed, a higher volfage
guch as 2000 V is additionally applied.

d) The current waveform is measured;with the current measurement circuit by closingl the
gwitch.

e) The value other than the peak-current satisfies Figure J.3 and Figure J.2, and the peak
gurrent complies with Table~J:4.

NOTE In the measuring method ‘as/shown in Figure J.4, the inclusion of an 8 mm wire spacer reduces the resgyltant

peak|current to the levels shown.in Table J.4. A good correlation has been established using this method between

the values in Table J.3 and dable J.4.

Taple J.4 — Specification of peak current T4 for the current probe verification methjod
Verification.voltage Values of peak current I, (A)
(V) Small standard test module Large standard test module
125 0,9to 1,3 1,7 t0 2,6
250 1,8 t0 2,6 3,51t05,2
500 3,6 to 5,2 7,0 to 10,3
750 5,4107,8 10,5 to 15,5
1 000 7,310 10,4 14,0 to 20,6
J.5 Test procedure
J.5.1 Initial measurement

Complete DC parametric and functional testing are performed in accordance with the applicable
device specification at ambient temperature, followed by testing at maximum operating
temperature or the temperature required by the relevant specification.
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2 Tests

Testing is performed as follows.

a)

b)

c)

g)

h)

J.5.

Co

Place a DUT on the insulating sheet. The ambient temperature during testing is
25°C 5 °C.

Connect all the terminals of the DUT to the resistive material R if required in the relevant
specification. Connect the electrode to the test terminal with the switch opened (see
Figure J.1).

If the DUT has a special isolated structure where the whole DUT is not fully charged from
t frrat; ' i T to
the resistive material R; as shown in Figure J.1.

et the high voltage power supply to the test voltage specified in the relevant specification.

lose the switch (see Figure J.1). Confirm the contact between the electrode/front end|and
the terminal of the DUT during the test.

nless otherwise detailed in the relevant specification, one discharge(s performed. When
ultiple discharges are to be made, repeat the instructions given’in steps c¢) and d).
owever, there should be an interval of 0,1 s or more betweemdischarges. Reversq the
olarity of the testing voltage and perform steps d) to f) if it\is 'detailed in the releyant
pecification.

erform steps b) to f) for the next test terminal and repeat this procedure to test all the
terminals.

everse the polarity of the testing voltage and perform steps b) to g). When step @) is
ompleted, perform intermediate measurements,.or_perform steps a) to g) on another DUT.

Intermediate and final measurement

plete DC parametric and functional testing“are performed in accordance with the applicpble

device specification at ambient temperature, followed by testing at maximum operating

J.6

erature or the temperature required by the relevant specification.

Failure criteria

Theltest is considered to have failed if, after exposure to ESD, the tested component no lopger

meejts its data sheet specifications.

J.7

All

Classification criteria

DUT should meet the test requirements of this document up to a particular voltage levgl in

ordgr forthe part to be classified as meeting a particular sensitivity classification. Classification

level|s.are“shown in Table 3.

J.8

Summary

The following should be detailed in the relevant specification:

a)
b)
c)
d)
e)
f)
9)

voltage used for verification (refer to J.4.3.2 ¢);

parameters and conditions of initial measurement (refer to J.5.1);

ambient temperature during test (when other than specified) (refer to J.5.2 a));

connection of the resistive material R3 to all terminals of DUT if needed (refer to J.5.2 b));
test voltage (refer to J.5.2 d));

number of samples to be tested (refer to J.5.1 and J.5.3);

number of discharges (when other than specified) (refer to J.5.2 f));
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interval between repeated discharges (when other than specified) (refer to J.5.2 f));

procedures for reversing the testing voltage (when other than specified) (refer to J.5.2 f))
and J.5.2 h));

parameters and conditions of intermediate and final measurements (when other than
specified) (refer to J.5.3).
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

) DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 28: Essai de sensibilité aux décharges électrostatiques (DES) —

Q

g
[

[oX=]

tr

tr]

»wor oor o

[

30

=

9

-

fq

[@]

-r oQasT<> o

=

q

——Meodéle de dispositif charge (CDM) — niveau du dispositif
AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comqg
b I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). LAEC)a pour obj
voriser la coopération internationale pour toutes les questions de normalisation dans”les domaing
lectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des"Normes internatior]
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles”au public (PAS) ¢
uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée d-des comités d'études
bvaux desquels tout Comité national intéressé par le sujet traité peut \participer. Les organisg
ternationales, gouvernementales et non gouvernementales, en liaison avec\l’JEC, participent égalemen
Bvaux. L’'IEC collabore étroitement avec I'Organisation Internationale.de Normalisation (ISO), selor]
nditions fixées par accord entre les deux organisations.

bs décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesu
bssible, un accord international sur les sujets étudiés, étant donné gue les Comités nationaux de I'lEC intérg
nt représentés dans chaque comité d’études.

bs Publications de I'IEC se présentent sous la forme de.frecommandations internationales et sont ag
mme telles par les Comités nationaux de I'l[EC. Tous_les efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsab
ventuelle mauvaise utilisation ou interprétation qui énest faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale/les Comités nationaux de I'lEC s'engagent, dans to
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natio

régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationald
gionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
urnissent des services d'évaluation’de conformité et, dans certains secteurs, accédent aux marqug
nformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifig
dépendants.

bus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Licune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat
compris ses experts~patticuliers et les membres de ses comités d'études et des Comités nationaux de
bur tout préjudice causeé en cas de dommages corporels et matériels, ou de tout autre dommage de qu
hture que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép4
bcoulant de laspublication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
I au crédit qui-lii est accordé.

attention, est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
férencees est obligatoire pour une application correcte de la présente publication.

attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire |
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p_droits de brevet, L'IEC ne sauraijt étre tenue pour responsable de ne pas avoir identifié de tels droi
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brevets.

L'IEC 60749-28 a éte établie par le comité d'études 47 de I'lEC: Dispositifs a semiconducteurs,
en collaboration avec le comité d'études 101 de I'lEC: Electrostatique. Il s’agit d’'une Norme
internationale.

La présente norme est fondée sur le document ANSI/ESDA/JEDEC JS-002-2018. Elle est
utilisée avec l'autorisation des détenteurs des droits d’auteur, ESD Association et JEDEC Solid
state Technology Association. Le document ANSI/ESDA/JEDEC JS-002-2018 présente la
méthode induite par champ (Fl - field-induced). Une méthode alternative, la méthode par
contact direct (DC - direct contact), est décrite a ’Annexe J.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2017. Cette édition
constitue une révision technique.
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Cette édition contient les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout d’'un nouveau paragraphe et d'une nouvelle annexe relatifs aux problémes associés a
I'essai de CDM des circuits intégrés et des semiconducteurs discrets dans de trés petits
boitiers;

b) introduction de modifications afin de clarifier le nettoyage des dispositifs et des appareils
d’essai.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
47/2746/FDIS 47/2754/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur e vote ayant
abouti a son approbation.

La

angue employée pour |'élaboration de cette Norme internationale est/l'anglais.

Le présent document a été rédigé selon les Directives ISO/IEC{Rartie 2, il a été dévelappé
selop les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, ;Supplément IEC, disponibles
soug www.iec.ch/members_experts/refdocs. Les principaux types de documents dévelo;lypés
par |'IEC sont décrits plus en détail sous http://www.iec.ch/standardsdev/publications.

Unelliste de toutes les parties de la série IEC 60749,\publiées sous le titre général Dispositifs
a segmiconducteurs — Méthodes d’essai mécaniques. et climatiques peut étre consultée suir le
site web de I'lEC.

Le domité a décidé que le contenu du présent document ne sera pas modifié avant la date de
stabjflité indiquée sur le site web de I''EC sous "http://webstore.iec.ch" dans les données
relafives au document recherché. A cette date, le document sera
e reconduit,

e gupprimé,

e rnemplacé par une éditionTévisée, ou

e Jamendé.

IMPORTANT)- Le logo "colour inside™ qui se trouve sur la page de couverture de cdtte
publication indique qu’'elle contient des couleurs qui sont considérées comme utiles a
ung¢ bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer ce document en utilisant une imprimante couleur.
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INTRODUCTION

Les premiers modéles et les premiéres normes d’essai de décharges électrostatiques (DES)

simulaient I'approche d’un dispositif par un objet chargé, ainsi que sa décharge dans

ledit

dispositif. Le modeéle du corps humain (HBM - human body model), défini dans I'l[EC 60749-26,

en constitue 'exemple le plus courant. Toutefois, face a une utilisation accrue de systéeme

s de

manipulation automatisée des dispositifs, un autre mécanisme de décharge potentiellement
destructeur, le modéle de dispositif chargé (CDM - charged device model), devient de plus en
par
puis

plus important. Dans le modéle CDM, le dispositif proprement dit est chargé (par exemple,
gllssement sur une surface (charge tr|boelectr|que) ou par induction de champ electr|que)

La quantification et la reproduction exactes de cet événement de décharge métal-métal rapide

s’averent trés difficiles, voire impossibles, en raison des limites de 'appareil de mesure €
son jinfluence sur I'événement de décharge. La décharge de CDM s’effectue généralemen

quelques nanosecondes, avec l'observation de courants de crété~de dizaines d’ampeéres.

courfant de créte dans le dispositif varie de maniére considérahle, selon de nombreux factg
y compris le type de boitier et les parasites. Le dommage diélectrique constitue le mécani
de défaillance type observé dans les dispositifs MOS pour leé modéle CDM, bien qu’un ¢
type| de dommage ait toutefois été constaté.

La gensibilité d’un dispositif donné a la tension.de charge de CDM dépend du boitier.
exemple, le méme circuit intégré (IC - integrated\circuit) dans un petit boitier peut étre m
sengible a un dommage de CDM a une tension.donnée par comparaison avec ce méme IC ¢
un pjus grand boitier de méme type. Il a été:deémontré que la sensibilité aux dommages de (
présente une meilleure corrélation avec les ‘hiveaux de courant de créte qu’avec la tensio
charge.

t de
t en
Le
urs,
sme
utre

Par
oins
jlans
CDM
n de
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) DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 28: Essai de sensibilité aux décharges électrostatiques (DES) —
Modéle de dispositif chargé (CDM) — niveau du dispositif

La présente partie de I'l[EC 60749 établit la procédure d’essai, d’évaluation et de classification
des |[dispositifs et des microcircuits selon leur susceptibilité (sensibilité) au dommage ou|leur
dégiadation par suite de leur exposition a une décharge électrostatique (DES)-sur un mogdele
défini de dispositif chargé (CDM) induit par champ. Tous les dispositifs a semiconductgurs,
circyits a couches minces, dispositifs a ondes acoustiques de surface((OAS), dispositifs
optoélectroniques, circuits intégrés hybrides (HIC - hybrid integrated, cifcuits) et modules
multipuces (MCM - multi-chip modules) en boitiers qui contiennent,l"in de ces dispositifs
doivent étre évalués selon le présent document. Pour effectuer les-essais, les dispositifs sont
assgmblés dans un boitier similaire a celui prévu dans I'applicatiof(finale. Le présent document
CDM ne s’applique pas aux appareils d’essai de modéles de,décharge avec support. Il dgcrit
en revanche la méthode induite par champ (FI - field-induced). Une méthode alternative, la
méthode par contact direct (DC - direct contact), est décrite.a I’Annexe J.

L'objet du présent document est d’établir une méthode d'essai qui reproduit les défaillancejs du
CDM et de fournir des résultats d'essais de DES de €DM fiables et reproductibles d'un appkfreil
d'espai a un autre, indépendamment du type’yde dispositif. Des données reproductibles
permettent des classifications et des comparaisons exactes des niveaux de sensibilité de PES
de GDM.

2 Références normatives

Le présent document ne contienfaucune référence normative.

3 [Termes et définitions
Pour les besoins du-présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lECtiennent a jour des bases de données terminologiques destinées a étre utiligées
en normalisation, consultables aux adresses suivantes:

. I’EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

DES de CDM

décharge électrostatique de modele de dispositif chargé

décharge électrostatique (DES) qui utilise le modéle de dispositif chargé (CDM) pour simuler
I’événement réel de décharge qui se produit lors de la décharge rapide d’un dispositif chargé
dans un autre objet a un potentiel électrostatique inférieur et par I'intermédiaire d’une broche
ou d'une borne unique
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3.2

appareil d’essai de DES de CDM

appareil d’essai de décharge électrostatique de modéle de dispositif chargé

appareillage qui simule 'événement DES CDM au niveau du dispositif au moyen de la méthode
d’essai sans support

Note 1 a I'article: Le terme "appareillage" désigne un "appareil d’essai" dans le présent document.

3.3

Craible
capacité d’un dispositif placé sur une plaque de champ pour un circuit intégré ou un
semjconducteur discret, a laquelle ou au-dessous de laquelle il a été déterminé qu’un essai de
CDM n’est pas exigé lorsque les conditions spécifiées sont satisfaites

3.4
couche diélectrique
isolgteur a couche mince placé au sommet de la plaque de champ afimyde la séparef du
disppsitif

3.5
plaque de champ
plague conductrice qui permet d'élever le potentiel du dispositif en essai (DEE) par couplage
capacitif

Note |1 a I'article: Voir la Figure 1.

3.6
plan de masse
plague conductrice qui permet de compléter les‘circuits de mise a la terre/décharge du DHE

Note |1 a l'article: Voir la Figure 1.

3.7
tengion logicielle
tensjon saisie par I'utilisateur/opérateur qui, lorsqu’elle est combinée au facteur d’échellg ou
au décalage, régle la tension(réelle de la plague de champ du systéme afin d’obteniq les
pargmeétres de la forme d’ofde

Note|1 a I'article: Les parametres de la forme d’onde sont définis dans le Tableau 1 ou le Tableau 2.

3.8
congdition d'essai
TC
tensjon de_plaque de I'appareil d’essai qui satisfait aux conditions des parametres de la fqrme
d’onde

Note 1 a Tarticle: Les conditions des parametres de la forme d'onde figurent dans une colonne specifique du
Tableau 1 et du Tableau 2.

Note 2 a l'article: L'abréviation "TC" est dérivée du terme anglais développé correspondant "test condition".

4 Appareillage exigé

4.1 Appareil d’essai de DES de CDM
4.1.1 Généralités

La Figure 1 représente le schéma matériel du montage d’un appareil d'essai de CDM destiné a
réaliser un essai de DES de CDM induit par champ avec utilisation par hypothése d’une sonde
de courant résistif. Le DEE peut étre un dispositif réel ou I'un des deux modules de vérification
(disques métalliques) décrits a ’Annexe A. La broche pogo doit étre connectée au plan de
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masse avec un chemin de courant de 1 Q et une largeur de bande minimale (BW - bandwidth)
de 9 gigahertz (GHz). La connexion broche pogo de 1 Q / terre du détecteur de courant résistif
peut prendre la forme d’'une combinaison paralléle d’'une résistance de 1 Q entre la broche pogo
et le plan de masse, et de I'impédance de 50 Q de I'oscilloscope et son cable coaxial. A la
Figure 1, K1 représente le commutateur entre la charge de la plaque de champ et sa mise a la
terre. Les appareils d’essai de DES de CDM utilisés dans le contexte du présent document
doivent satisfaire aux caractéristiques de la forme d'onde spécifiées a la Figure 2, ainsi que
dans le Tableau 1 et le Tableau 2, sans la présence de dispositifs passifs ou actifs
supplémentaires, tels que des ferrites, dans I'ensemble capteur.

o e —D_ Entrée cable coaxial
Resistance-broch de 50 (I 7 oscilloScope
pogo / terre = 1 de 50 0O

o —

Alimen- _|
Broche pogo Plaque de  tation
(contacta la masse)\ terre e
F
Couche K1 .
diélectrique
Résistance

de charge

A
Plague de champ IEC

Figure 1 — Schéma matériel simplifié de I'appareil d'essai de CDM

Lorgl de la constitution de I'appareillage d'essai, il convient de réduire le plus possiblg les
pargsites des chemins de charge et de décharge dans la mesure ou les parasites d’inductance-
capdcité de la résistance (RLC - resistange inductance-capacitance) dudit appareillage influent
de mpaniére significative sur les résultats’d'essai.

Dang le cas de I'appareillage existant, il est recommandé de contacter le personnel d’entrgtien
qualifié afin de déterminer-la-conformité au présent document lors de [I'élimination |des
composants de ferrite.

4.1.2 Détecteur dée courant

Un détecteur de éourant doit étre intégré au plan de masse. La résistance de ce détecteur|doit
avoif une valedrde (1,0 £ 10 %) Q. Une résistance, telle qu'elle est spécifiée en 4.1.1, doit|étre
utiligée commg détecteur de courant. La valeur de la résistance (y compris la terminajison
cable/oscilloscope de 50 Q) doit étre mesurée au moyen d’'un ohmmeétre tel qu'il est décr|t en
4.5.|Cette/valeur doit permettre de calculer le premier courant de créte.

Le détecteur de courant doit avoir une réponse en fréquence minimale de 9 GHz (spécifiée par
un affaiblissement maximal de 3 dB a 9 GHz).

4.1.3 Plan de masse

L’ensemble capteur doit contenir un plan de masse carré avec la broche de sonde disposée en
son centre comme cela est représenté a la Figure 1. Les dimensions du plan de masse doivent
étre de 63,5 mm x 63,5 mm % 6,35 mm (2,5 pouces x 2,5 pouces + 0,25 pouce).

4.1.4 Plaque de champ /couche diélectrique de la plaque de champ

La planéité de surface de la plaque de champ ne doit pas varier de plus de + 0,127 mm
(0,005 pouce). Il convient que la couche diélectrique de la plaque de champ soit constituée
d’un matériau FR4 ou d’'un matériau en verre-époxy analogue. Dans le cas du matériau FR4, il
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convient que I'épaisseur et la tolérance d’épaisseur de cette couche diélectrique soient de
0,381 mm £ 0,0254 mm (0,015 pouce + 0,001 pouce) afin d’obtenir une plage de mesure de la
capacité (comme cela est spécifié a ’Annexe B normative) définie dans le Tableau A.1.

Lors de l'utilisation d’'un matériau différent, le choix de son épaisseur est déterminé par
I'obtention d’'une plage de mesure de la capacité telle qu'elle est définie dans le Tableau A.1.

4.1.5 Résistance de charge

La résistance de charge nominale représentée a la Figure 1 doit étre supérieure ou égale a
100 MO

Des|valeurs de résistance supérieures a 100 MQ peuvent étre utilisées. Cette possibilité peut
toutefois ne pas permettre une charge compléte de dispositifs de trés grande taille(se reporter
a 5.9 et a I'Annexe 1) préalablement a leur décharge par 'ensemble capteur. L’ajout d’'un gélai
entrg les décharges dans le logiciel de programmation de I’'appareil d'essai de\CDM permsgt de
surmonter cet effet. Lors de [lutilisation d'une résistance supérieure (a-100 MQ, il| est
recmmandé de caractériser I'appareil d’essai ou le dispositif proprement dit de maniére a
déterminer si la décharge de dispositifs de grande taille nécessite un délai. Une procédurg de
cettg caractérisation de délai pour les dispositifs de grande taille est indiquée a I’Annexe |

4.2 | Appareil de mesure de la forme d’onde
4.2. Généralités

L’apjpareil de mesure de la forme d’onde CDM doit étreyconstitué des composants suivants.

4.2.2 Ensembles de cables

Ens¢mbles de cables avec une perte totale.combinée du cable interne de I'appareil d’esspi et
de sjon cable externe inférieure ou égale a 2 dB a des fréquences jusqu’a 5 GHz inclus etjune
impegdance nominale de 50 Q.

4.2.3 Appareil pour le mesurage d’une forme d’onde a largeur de bande élevée
4.2.3.1 Oscilloscope a largeur de bande élevée
Oscllloscope ou numériseur de transitoires avec une largeur de bande minimale en temps|réel

(impulsion unique) de~3 dB a une fréquence d’au moins 6 GHz, ainsi qu'une fréqugnce
d’échantillonnage 220’gigaéchantillon/s et une impédance d’entrée nominale de 50 Q.

4.2.3.2 Affaiblisseur

Un affaiplisseur de 20 dB avec une précision de 0,5 dB, une largeur de bande avec|une
fréquence’d’au moins 12 GHz et une impédance de 50 Q £+ 5,0 Q.

4.2.4 Appareil pour le mesurage d’une forme d’onde de 1,0 GHz
4.2.4.1 Oscilloscope a 1 GHz

Oscilloscope ou numériseur de transitoires avec une largeur de bande en temps réel (impulsion
unique) de 3 dB a une fréquence de 1 GHz, et une impédance d’entrée nominale de 50 Q. La
fréquence d’échantillonnage doit étre = 5 gigaéchantillon/s.

NOTE L'utilisateur a la possibilité de recourir a un oscilloscope a largeur de bande plus élevée, ainsi qu’a un filtre
matériel ou logiciel afin de produire une largeur de bande et une fréquence d'échantillonnage équivalentes a celles
spécifieces en 4.2.4.1.
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4.2.4.2 Affaiblisseur

Un affaiblisseur de 20 dB avec une précision de * 0,5 dB, une largeur de bande avec une
fréquence d’au moins 4 GHz et une impédance de 50 Q £ 5 Q.

4.3 Modules de vérification (disques métalliques)

Le grand module de vérification doit avoir une capacité de (55 + 5 %) pF, tandis que le petit
module de vérification doit avoir une capacité de (6,8 + 5 %) pF. Se reporter a I'’Annexe A
normative pour les informations concernant les dimensions physiques des modules de
vérification, et a ’Annexe B normative pour les informations concernant la procédure de mesure
de l§d capacite.

4.4 | Capacimetre

Le gapacimétre avec une résolution de 0,2 pF, une exactitude de mesure_de'3 %, et|une
fréguience de mesure de 1,0 MHz comme cela est décrit a ’Annexe B normative.

4.5 | Ohmmeétre

L’ohmmetre utilisé pour mesurer la résistance de la sonde résistive.doit étre capable d’effeqtuer
des mesurages avec une exactitude de 0,01 Q. L’utilisation de connexions a 4 fils de Kelvin est
recommandée.

5 Exigences de qualification périodique de I’appareil d’essai et exigences
concernant les enregistrements et la vérification de la ou des formes d'onde

5.1 Présentation des évaluations exigées ‘de’I’appareil d'essai de CDM

L’appareil d'essai de CDM doit faire 'objet\d'une qualification, d'une requalification et djune
vérification périodique comme cela est décrit en 5.5 et 5.6.

NOTE 1 Les couches diélectriques, plans.de masse (plaques de terre), la résistance (sonde) de décharge coakiale,
la didtance entre le plan de masse et la plaque de champ, les modules de vérification et les contacts de décharge
(par pxemple, broches pogo) constituent des éléments essentiels de la constitution de I'appareil d’essai. Toute
modification de ces éléments exige‘une vérification de la forme d’onde.

NOTE 2 Des modifications de ‘la forme de I'impulsion de décharge, méme si elles peuvent toujours relever g’'une
spécification, peuvent indiquer'une détérioration du chemin de décharge.

5.2 | Matériel de capture de la ou des formes d'onde

La gapture de{la-ou des formes d’onde exige les instruments suivants, ainsi que la procégure
suivAnte de (détermination de la tension de consigne de l'appareil d’essai:

e yn.oscilloscope tel qu'il est spécifié en 4.2;

ffoil s % kLl <l 1 ol LHI| P~ -+ 4.2
° Lll difdiviiooTUl TL UTT TITOoUITIVIT UT LAVITO tUIo YU TTo oUTTU UTTITITO TITT 5.4,

e des modules de vérification (tels qu'ils sont décrits en 4.3) avec les dimensions et attributs
énumérés a I'’Annexe A normative et la méthode de mesure énumérée a I’Annexe B
normative.

5.3 Configuration de capture de la ou des formes d'onde
La configuration de capture de la ou des formes d'onde doit suivre les étapes suivantes :

a) nettoyer les modules de vérification. Eviter tout contact cutané avec les modules avant et
pendant les essais. Une procédure recommandée est décrite a I’Annexe A normative;

b) nettoyer a I'aide d’un tampon a l'alcool la sonde de décharge et la plaque de charge de
champ sur laquelle est placé le dispositif afin d'éliminer toute contamination de surface
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susceptible d'entrainer une perte de charge. Vérifier que la broche pogo est exempte de
matiéres particulaires;

c) fixer I'affaiblisseur de 20 dB approprié sur I'oscilloscope tel qu'il est décrit en 4.2.3.2. Fixer
une extrémité de I'ensemble de cables externes sur I'affaiblisseur, comme cela est décrit
en 4.2.2, et fixer 'autre extrémité dudit ensemble a I'appareil d'essai de CDM. Vérifier
I’étanchéité de toutes les liaisons de la chaine de mesure.

Voir 'Annexe F informative pour un exemple de réglages de l'oscilloscope et de capture de
formes d'onde.

5.4

La procédure de capture de la ou des formes d'onde doit étre exécutée comme suit:
a) placer le module de vérification a utiliser sur la couche diélectrique de la plague,de champ,
gvec l'assurance d’un contact étroit entre ladite couche et le module de vérification;

b) négler le potentiel de la plaque de champ sur la tension nécessaire pour(a,condition d’gssai
exécutée;

c) 4ligner le contact a la masse sur approximativement le centre dumoadule de vérificatiop;
d)

In méthode de décharge simple ou la méthode de double décharge telle qu'elle est dégrite
3 I’Article G.2 ou a I'Article G.3 respectivement, peut étre utilisée, mais il convient toutg¢fois
que la méthode de décharge choisie soit conforme au m@de d’essai des produits. Lorgque
ln méthode de double décharge est appliquée, les formes d’onde pour des impulsjons
positives et des impulsions négatives exigent une modification des conditions de
déclenchement de I'oscilloscope afin de capturer-uniqguement des impulsions positivep ou
négatives;

e) décharger au moins dix fois le module de vérification a la polarité vérifiée;

f) a@bserver au moins dix formes d’onde sucgessives pendant la série de décharges ci-dessus
¢t enregistrer les parametres moyensxde formes d’onde pour Iy, T, largeur a mi-gréte

FWHM), et Ip2 pour ce groupe de formes d’onde comme cela est représenté a la Figufe 2;

g) Iprsque les caractéristiques de formes d’onde ne satisfont pas aux exigences telles qu'¢lles
gont définies dans le Tableaud.ou le Tableau 2 pour la condition d’essai cible (voir 5(6 et
8.7 pour le tableau et les ¢onditions d’essai a appliquer), nettoyer une nouvelle foig les
modules de vérification etle-contact a la masse, contrbler I’étanchéité de toutes les liaispns,
) 5
¢

ffectuer des ajustements de la tension de la plaque de champ et répéter les étapes|a) a

).

Lor:lque cette procédure ne fonctionne toujours pas, contrdler le vide du systéme ou envisager
le remplacement du.Contact a la masse. Consulter le fabricant de I'appareil d’essai pour de [plus
ampjes informatioens.

Répgteraprocédure pour la polarité opposée.

5.5 L Procéd , Hfieationt Hfreation-det: g de-CDM

5.5.1 Procédure de qualification/requalification de I’appareil d'essai de CDM

La procédure de qualification/requalification a pour objet de déterminer la tension de plaque de
champ nécessaire pour chaque réglage de condition d’essai (125 — 1 000) dans le Tableau 3
afin de produire un courant de créte dans les plages qui correspondent au Tableau 2, et par
conséquent qui correspondent aux niveaux de classification tels qu'ils sont spécifiés dans le
Tableau 3.

Deux procédures alternatives de mode de qualification et de contréle de routine du systéme
d'essai de CDM sont présentées a ’Annexe H. Ces procédures sont fondées sur des systémes
d’essai de CDM généralement disponibles et proposent deux méthodes d'ajustement de la
tension de plaque de champ afin de satisfaire aux paramétres des formes d'onde spécifiés dans
le Tableau 2.
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Les fabricants de systémes d’essai de CDM, ou les opérateurs de tels systémes d'essai peuvent
élaborer d’autres procédures de qualification a partir des deux procédures présentées a
I’Annexe H, tant que ces procédures produisent des formes d’onde qui satisfont aux exigences
définies dans le Tableau 2 pour les différentes conditions d’essai.

Il est recommandé que les réglages déterminés a partir de cette procédure de qualification
soient enregistrés pour un systeme d’essai particulier, ainsi qu’une largeur de bande
d’oscilloscope et une polarité tout aussi particulieéres. Cette procédure permet de détecter une
dérive du systéme dans la durée, ce qui peut indiquer un probléme plus important avec le
systéme. Voir I'’Article H.3 pour des exemples.

Exécguter les étapes de configuration et de capture des formes d'onde comme cela est dégcrjt en
5.3 gt 5.5 dans les conditions d’essai 125 — 1 000 définies dans le Tableau 2 pourles deux
polarités (positive et négative) au moyen de petits et de grands modules de vérification, ef par
des |mesurages avec l'oscilloscope a largeur de bande élevée comme cela est 'spécifi¢ en
4.2.8.1. Se reporter a ’Annexe H pour des exemples d'organigrammes des procedures.

Lorsique les plages de tension d’essai sur site local sont toujours plus étroites que la plage ci-
desgus (par exemple, conditions d’essai 125 — 500), la réalisation de Ja\qualification dans gette
plage plus étroite est admissible.

5.5.2 Conditions qui exigent la qualification/requalification de I’appareil d'essai dg¢
CcDM

Les |situations suivantes exigent la qualification et la<equalification de I'appareil d'essqgi de
CDM comme cela est décrit en 5.5:

¢ssais de réception lors de la livraison de I'appareil d'essai de CDM, généralement réalisé
par le fabricant lors de l'installation;

e requalification périodique conformémeént” aux recommandations du fabricant; la dlrée
maximale entre les essais de requalification est de un an;

e 3gprés une opération d’entretien ou\de réparation susceptible d’altérer la forme d’onde.

5.5.3 Corrélation entre I'oscilloscope a 1 GHz et ’oscilloscope a largeur de bande
élevée

Pengant le premier essai, de réception, le fabricant de l'appareil d’essai doit utilisef un
oscilloscope a largeursde bande élevée comme cela est spécifié en 4.2.3.1 pour la cagture
initigle des formes,d'onde. Lorsque le site d’essai comporte uniqguement un oscilloscope a
1 GHz comme cela“est spécifié en 4.2.4.1, le fabricant et l'utilisateur final de I'appareil d’gssai
doivent confirmerileur utilisation de techniques appropriées de filtrage de largeurs de bande,
ains| que la,comparaison avec l'oscilloscope fourni par le fabricant de I'appareil d’essai sglon
laquelle I'oscilloscope de l'utilisateur mesure les formes d’onde de l'appareil d’essai colnme
celalestdéfini dans le Tableau 1 pour la validation trimestrielle et de routine des formes d'onde.

NOT L'option de filtrage logiciel Bessel-Thomson disponible sur de nombreux oscilloscopes prend la forme d’un
filtre approprié pour les formes d’onde a largeur de bande élevée, car il s’adapte bien aux données réelles de
I'oscilloscope a 1 GHz.

La vérification de la corrélation des oscilloscopes doit étre répétée lorsque le site d’essai
modifie les oscilloscopes a 1 GHz.

5.6 Procédure de vérification trimestrielle et de routine des formes d'onde propre a
I’appareil d’essai de CDM

5.6.1 Procédure de vérification trimestrielle des formes d’onde

Exécuter les étapes de configuration et de capture des formes d'onde comme cela est décrit en
5.3 et 5.5 dans les conditions d’essai 125 — 1 000 définies dans le Tableau 1 au moyen de
I'oscilloscope a 1 GHz comme cela est spécifié en 4.2.4.1 ou dans les conditions d'essai
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définies dans le Tableau 2 au moyen de I'oscilloscope a largeur de bande élevée comme cela
est spécifié en 4.2.3.1. Les deux modules de vérification doivent étre contrblés aux polarités
positive et négative. Il est recommandé d’utiliser 'oscilloscope a largeur de bande élevée
lorsque cette possibilité existe. Se reporter a ’'Annexe H pour des exemples d'organigrammes
des procédures.

Lorsque les plages de tension d’essai sur site local sont toujours plus étroites que la plage ci-
dessus (par exemple, conditions d’essai 125 — 500), la réalisation de la qualification dans cette
plage plus étroite est admissible.

5.6. Procédure de vérification de routine des formes d’onde

5.6.2.1 Généralités

Exéguter les étapes de configuration et de capture des formes d'onde comme cela est décrjt en
5.3 ¢t 5.5 dans la condition 500 définie dans le Tableau 1 (oscilloscope)a 1 GHz) ou dans le
Tableau 2 (oscilloscope a largeur de bande élevée) pour les deux polarités (positive et négative)
au moyen du module de vérification qui correspond le mieux acda-taille du boitier sounjis a
I’esdai. Se reporter a I’Annexe H pour des exemples d'organigrammes des procédures.

5.6.2.2 Fréquence de vérification de routine

d’effectuer la vérification de routine des formes d‘ende au moins une fois par changement.
Lorgque l'essai de contrainte de CDM est effectuépar changements consécutifs, les contndles
de fprme d'onde a la fin d'un changement peuvent également servir de contrdle initial pour le
chanpgement suivant.

Initijelement, lors de la qualification ou de la requalification de I'appareil d’essai, il conyient

Des| périodes plus longues entre les ceontréles de routine de formes d'onde peuvent |étre
utiligées lorsqu’aucune variation des\formes d'onde n'est observée sur plusieurs contrbles
congécutifs. La fréquence et la méthode d’essai choisies doivent étre documentées. Lorsgue,
a tout moment, les formes d'onde ne satisfont plus aux limites spécifiées, toutes les données
d'espai de contrainte de DES- recueillies aprés le controle de forme d'onde satisfaisant
prégédent doivent étre marquées comme non valables et ne doivent pas étre utilisées polr la
clasgification.

5.7 | Caractéristiques des formes d’onde

Les |[formes d‘Onde doivent apparaitre comme cela est représenté a la Figure 2 tant podr la
polarité positive que pour sa polarité inverse, la polarité négative. Les paramétres moyenp de
formes d*onde (y compris ;) tels qu'ils sont réunis par la méthode spécifiée en 5.4 doivent
satlfalre aux specmcatlons du Tableau 1 pour un oscnloscope a 1 GHzeta celles du Tablepu 2
pouruh-esecilescepe—atargeur—de—-bande—olevee—orsquun—ossiloscope inde
elevee est utilisé a des fins de qual|f|cat|on et de verlflcat|ons trimestrielles et de routme des
formes d'onde, il n’est pas nécessaire de prendre en considération les exigences de fréquence
de 1 GHz.
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Tableau 1 — Caractéristiques des formes d’onde de CDM pour un oscilloscope a largeur

de bande de 1 GHz

Oscilloscope a
largeur de bande de Condition d'essai
1 GHz
TC 125 TC 250 TC 500 TC 750 TC 1000
Module de | g | pgiit | C@ | pgiit | @ | petit | Grand | Petit | Grand | Petit | Grand
vérification d d
Courant de J 1,0a | 1,9a | 21a | 42a | 44a | 91a | 664 | 13,74 | 88a | 183a
créte (A) P 1,6 3.2 3.1 6,3 5.9 12,3 8,9 185 | 11,9 | 247
Tgmps de t, <350 | <450 | <350 | <450 | <350 | <450 | <350 | <450 | <350 "= §50
moptée (ps)
Largeur & mi- | -, \0 | 3254 | 5004 | 3254 | 5004 | 3254 | 5004 | 3254 | 500a | 3254 | 500 a
cite (ps) 725 | 1000 | 725 | 1000 | 725 | 1000 | 725 | 1000 [)725 | 1 poo
Sous-
d?Apa::;“ned”t s <70 | <50 | <70 | <50 | <70 | <50% | <70 | =60% | <70 | <pO
2 0, 0, 0, 0, 0, 0, 0, 0,
e o p Wl | %l | %I, | %I | % I % I, 1, % I, L
maximum)

Tablleau 2 — Caractéristiques des formes d’onde de CDM¢pour un oscilloscope a largeur
de bande élevée (2 6 GHz)

Oscilloscope a
lafgeur de bande 2 Condition d'essai
6 GHz
TC 125 TC 250 TC 500 TC 750 TC 1 00p
Mpdulede | o | petit | C@N | petit (&8N | petit | Grand | Petit | Grand | Petit | G[@"
véfification d d d
Cdurant de I 14a | 23a | 2,94 | 48a | 611a | 10,3a | 9,2a | 155a 123’2 2;‘6
& p
cféte (A) 2,3 3,8 4,3 7,3 8,3 13,9 12,4 20,9 16,5 2F.9
Tgmps de t, <250 | <350 | <250 | <350 | <250 | <350 | <250 | <350 | <250 | <P50
montée (ps)
Largeur a mi- FWHM 250 a/450a | 250a | 450a | 250a | 450a | 250a | 450a | 250 a | 450 a
crigte (ps) 600 900 600 900 600 900 600 900 600 900
Sous-
d?Apa::;“ned”t ; <70 | <50 | <70 | <50 | <70 | <50% | <70 | <50% | <70 | <pO
2, 0, 0, 0, 0, 0, 0, 0, 0,
bic au P % 1p % Ip % 1p % Ip % 1p Ip % Ip Ip % Ip 1p
maximum)
NOTE < Kes tensions des conditions d’essai 125 & 1 000 qui produisent les plages spécifiées de courant de [créte
Sont juotévo Ul :Cl baoc dco tUIIO;UIIO d’UOOa; dc u:aoo;f;uat;ull PIéUU’dUIItUO dc 125 \VI, 250 ‘VI, CCC ‘VI, 750 ‘Vl Ut 4I 00 V

respectivement. L’Annexe D décrit cette relation entre ce type de tensions et les tensions réglées par I'‘appareil
d’essai exempt de tensions sans ferrite. Les tensions de plaque de champ ajustées par I'appareil d’essai pour obtenir
les plages de courant applicables a la plateforme d’appareils d’essai exempts de ferrites définie dans le présent
document peuvent varier quelque peu entre les appareils d’essai. L’Annexe H décrit deux méthodes d’ajustement de
tension.
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Figure 2 — Forme d’onde et paramétres caractéristiques du CDM

Documentation

Congerver les enregistrements de formes d’onde pouria qualification de 'appareil d’essai sglon
la politique interne de I'entreprise. Pour la requalification de I'appareil d’essai, ainsi que pour

les

érifications trimestrielle et de routine descformes d'onde, conserver les enregistrements

jusqu'a la collecte du prochain ensemble de formes d'onde, ou selon la politique intern¢ de

I'en

sup
det

5.9.

a)

b)

c)

d)

freprise.
Procédure d’évaluation de la charge compléte de I’appareil d’essai d’un dispositif
Comme cela est défini enn4.1.5, il convient que la résistance de charge nominale|soit

rieure ou égale a 100 MQ,"En cas de résistance trop importante, un délai de charge
lémentaire peut s’avérer; nécessaire pour assurer la charge compléte du dispositif. Pour
rminer la nécessité éventuelle d’'un délai supplémentaire, suivre la procédure en 5.9.2.

Suivre la procédure ci-dessous avec le grand module de vérification.

égler la tension de plaque de champ a + 250 V (toute tension peut étre utilisée| car
Ilobjectif est de controler 7).

es delais de précharge et de postcharge étant tous deux réglés sur 0 ms, collgcter
Odormes d’'onde et enregistrer la valeur Iy de chacune d'entre elles. Calculer la valepr Iy

Le délai de précharge étant réglé sur 500 ms (le délai de postcharge restant réglé sur 0 ms),
collecter dix formes d’onde et enregistrer la valeur Iy de chacune d'entre elles. Calculer la

valeur I, moyenne des formes d'onde.

Comparer la valeur I, moyenne du délai de charge de 0 ms et du délai de charge de 500 ms.
Lorsque la valeur I, moyenne est identique pour les deux mesurages, alors un dispositif de

méme capacité ou de capacité inférieure a celle du grand module de vérification regoit une
charge compléte. Lorsque les valeurs I, moyennes avec un délai de charge de 0 ms et un
délai de charge de 500 ms ne correspondent pas, se reporter a I’Annexe | informative pour
une procédure de détermination du délai approprié de charge par défaut a ajouter au
systéme.
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e)

De
le p

6

6.1

Les
auc

Méme en cas de correspondance des deux valeurs I, moyennes ci-dessus, les dispositifs
de trés grande taille en boftier (capacité plus élevée que celle du grand module de
vérification) peuvent toujours exiger un délai afin de recevoir une charge compléte. Du fait
de la grande diversité des techniques de constitution en boftier des dispositifs, il n’existe
aucune dimension exacte quant au mode selon lequel un boftier particulier 1, peut étre

comparé au grand module de vérification I, pour I’évaluation décrite ci-dessus.

Pour déterminer si un trés grand dispositif en boftier peut toujours exiger un délai de charge,
les étapes a) a d) ci-dessus peuvent étre répétées a 'aide du contact a la masse d'un
dispositif. Lorsque les valeurs I, moyennes avec un délai de charge de 0 ms et un délai de

charge de 500 ms ne correspondent pas, se reporter a I’Annexe | informative pour une
procédure de détermination du délai de charge approprié.

plus, lorsque les appareils d’essai de CDM comportent des piéces mobiles, il convient|que
grsonnel veille a éviter tout contact avec ces dernieres en fonctionnement.

Exigences et procédures d’essai de DES de CDM

Préparation de I'appareil d’essai et des dispositifs

dispositifs utilisés pour les essais de contrainte de CDM ne.daivent avoir été utilisés pour
Un essai identique antérieur.

Des|procédures de prévention des dommages dus aux DES doivent étre appliquées avant,

pendlant et aprés les essais de CDM et post-paramétriqies.

Les

nettpyage conformément aux procédures agréées par l'entreprise.

NOTE De I'isopropanol (alcool isopropylique) est généralement utilisé pour le nettoyage.

dispositifs doivent étre propres avant les éssais. Au besoin, il convient d’effectuef un

La spnde et la plaque de champ / couche diélectrique de I'appareil d’essai de CDM doivent|étre
progres et seches avant les essaiscUn nettoyage peut étre effectué de maniére périodique ou

sur

aveg un pourcentage minimalde'70 %.
6.2 | Exigences d’essai
6.2. Température‘et humidité d’essai

la base de la réception des forntes d’onde en utilisant de I'isopropanol (alcool isopropylique)

L’'espai doit étreveffectué a température ambiante. Il convient que I’humidité au niveau de la
téte|d’essai ne'dépasse pas 30 % HR. Le chauffage ou le refroidissement du dispositif penfant

I'es

Il convient de placer I'appareil d’essai dans un environnement a température ambiante.

dai de<CDM n’est pas prévu.

NOTE La répétabilité des formes d’onde dépend fortement de la teneur en humidité de I'air et une humidité relative

faibl

e génére une forme d’onde plus stable.

6.2.2 Essai des dispositifs

6.2.2.1 Essai de précontrainte

Pré

alablement a I'essai de contrainte de DES, des essais statiques et dynamiques complets

doivent étre réalisés sur tous les dispositifs soumis aux essais. Les résultats des essais
paramétriques et fonctionnels doivent se situer dans les limites spécifiées dans les paramétres
de la fiche technique.
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6.2.2.2 Critéres de défaillance

Apres I’essai de contrainte de DES, des essais statiques et dynamiques complets doivent étre
réalisés sur tous les dispositifs soumis a une contrainte. Un dispositif est considéré comme
n'ayant pas satisfait aux essais lorsque les résultats des essais paramétriques et fonctionnels
ne se situent pas dans les limites spécifiées dans les parametres de la fiche technique. Une
défaillance peut étre omise lorsqu'une analyse des défaillances démontre qu’elle n’est pas liée
aux DES de CDM.

NOTE 1 Une variation de fuite statique (par exemple, fuite des broches, courant de repos) n’est pas un critére
approprié pour déterminer les criteres de réussite/échec. Elle peut servir d’indicateur de I'apparition d'un dommage.

NOTE 2 Lorsque l'essai doit étre réalisé a des températures différentes, réaliser tout d’abord l'essai|a la
tempgrature la plus basse, puis augmenter la température de maniére séquentielle (par exemple, -40 °C, +25 °C,
+85 9C).

6.3 | Modes opératoires
Les Imodes opératoires sont les suivants:

auf spécification contraire, obtenir trois échantillons au moins, donb leur satisfaction{aux
pécifications de données a été vérifiée;

L0 Lo

i| convient que I'essai de CDM commence au niveau le plus faible défini dans le Tablegu 3.
I peut néanmoins commencer a tout niveau. Toutefois, lorsique le niveau de tension initiale
gst supérieur au niveau le plus faible défini dans le Tahleau 3 et lorsque le dispositif ne
datisfait pas a I'essai a la tension initiale, I'essai doit étre recommencé avec trois nouvgaux
dispositifs au niveau inférieur suivant;

our chaque dispositif, appliquer au moins une décharge positive et une décharge négative
chaque broche. Prévoir un temps suffisanty(comme cela est spécifié en 5.9) entrg les
écharges pour que le dispositif atteignele niveau maximal de tension d’essai.|Les
ontraintes peuvent étre réparties par polarité, avec une taille de I'échantillon d’au moins
Fois unités par polarité. Les broches peuvent également étre réparties en un ou plusigurs
nsembles d’échantillons, sous résefve que chaque broche du dispositif soit un membre
‘au moins un ensemble. Chaque ensemble doit comporter trois unités au moins.

c)

O M O O 0TS

La méthode de charge induite par‘champ comporte deux procédures possibles de charge gt de
décharge du dispositif: procédurg-unique et double procédure. Les deux procédures produisent
des fésultats équivalents. Ges.procédures sont décrites a I’Annexe G informative.

6.4 | Lignes directrices d’enregistrement / consignation dans un rapport de I’essai fle
CDM

6.4. Enregistrement de I’essai de CDM

La procédure.d'essai de CDM pour un produit particulier doit étre enregistrée et archivée sglon
la pfocédure de conservation des données de chaque entreprise. Il convient de fournirf sur
demjande-ies informations concernant les parameétres de forme d'onde de I'appareil d’essal. Se
repacter a l'Article H3 pour de Ir_\lne amplne informations sur I‘nnrngic’rrnmnnf des parnmc‘tres

de forme d’onde.

6.4.2 Lignes directrices relatives a la consignation dans un rapport de I’essai de
CDM

Les résultats d’essai de CDM des produits (y compris les informations sur les boftiers) doivent
étre consignés et doivent figurer dans le rapport de fiabilité des produits.

Afin d'assurer la mise a disposition d’informations sur la manipulation en toute sécurité pour le
contréle de fabrication dans une zone protégée contre les DES, il est vivement recommandé
que les fiches techniques des produits disponibles consignent les classifications de CDM.
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6.5

Essai des dispositifs dans de petits boitiers

Il est trés difficile de soumettre a I'essai de CDM les circuits intégrés et les semiconducteurs
discrets (ICDS - Integrated circuits and discrete semiconductors) dans de trés petits boitiers,
qui par ailleurs ne satisfont pas a cet essai que rarement en raison de leur faible capacité. Il
n‘est pas possible de spécifier une dimension de boitier au-dessous de laquelle un essai de
CDM n’est pas nécessaire dans la mesure ou différentes techniques et stratégies de protection,
ainsi que différents styles de conception présentent des sensibilités différentes aux événements
de charge des dispositifs. En I'absence d’autres informations, tous les ICDS doivent étre soumis
a I'essai. Toutefois, ’Annexe C définit une procédure facultative d’établissement d’'une capacité
CEaible de circuit intégré pour une technique et un débit de conception spécifiques. Pour les

disppsitifs avec une capacite inferieure a Cg,;p, o, Un €ssai de CDM n’est plus exigé. T fauf g
rincipe que les ICDS avec une capacité inférieure & Cgy;,e €t qui satisfont aux exigences

dup
de

clasgification C2b dans le Tableau 3).

7 Critéres de classification de CDM

Les
opéf
type

élevg de tension de contrainte de DES (polarité positive<et polarité négative) auque

'Annexe C ont un niveau de satisfaction a I'essai de CDM de TC 750 (Niveal

de boitier particulier utilisé. La classification des dispositifs correspond au niveau le

artir

de

dispositifs sensibles aux DES (ESDS - ESD sensitive) sont\ classés selon le mode
atoire décrit dans le présent document. Les résultats d'essaicde’CDM sont spécifiques au

plus
un

échantillon d’au moins trois dispositifs a satisfait aux essais statiques et dynamiques complets
selop les parameétres des fiches techniques aprés I'essai de DES. Les niveaux de classification
des dispositifs de DES de CDM sont présentés dans Je.Tableau 3.
Tableau 3 — Niveaux de classification.des dispositifs de DES de CDM
Ni d
|v_e_au _e a Condition d’essai de classification (en volts) ®
classification
COa <125
COb 125 a < 250
C1 250 a < 500
C2a 500 a < 750
C2b 750 a <1000
C3 21000°
a Utiliser le préfixe "€¥ pour indiquer un niveau de classification de CDM.
b | a condition/d'essai de classification n’est pas équivalente a la tension réglée réelle de I'appareil d’essai| Se
eporter ar5'6:1 et a ’Annexe H pour de plus amples informations détaillées.
¢ Pourdes, conditions d’essai au-dela de 1 000 V, et selon la configuration du boitier de dispositif, les effet$ de

Couronne peuvent limiter la tension de prédécharge et le courant de décharge réels.



https://iecnorm.com/api/?name=28e0aec43b6a16e284b0e40b77720aa5

	Redline version (English only)
	CONTENTS
	FOREWORD
	1 Scope 
	2 Normative references
	3 Terms and definitions
	4 Required equipment
	4.1 CDM ESD tester
	4.1.1 General
	4.1.2 Current-sensing element
	4.1.3 Ground plane
	4.1.4 Field plate/field plate dielectric layer
	4.1.5 Charging resistor

	4.2 Waveform measurement equipment
	4.2.1 General
	4.2.2 Cable assemblies
	4.2.3 Equipment for high-bandwidth waveform measurement
	4.2.4 Equipment for 1,0 GHz waveform measurement

	4.3 Verification modules (metal discs) 
	4.4 Capacitance meter
	4.5 Ohmmeter

	5 Periodic tester qualification, waveform records, and waveform verification requirements
	5.1 Overview of required CDM tester evaluations
	5.2 Waveform capture hardware
	5.3 Waveform capture setup
	5.4 Waveform capture procedure
	5.5 CDM tester qualification/requalification procedure
	5.5.1 CDM tester qualification/requalification procedure
	5.5.2 Conditions requiring CDM tester qualification/requalification
	5.5.3 1 GHz oscilloscope correlation with high bandwidth oscilloscope

	5.6 CDM tester quarterly and routine waveform verification procedure
	5.6.1 Quarterly waveform verification procedure
	5.6.2 Routine waveform verification procedure

	5.7 Waveform characteristics
	5.8 Documentation
	5.9 Procedure for evaluating full CDM tester charging of a device

	6 CDM ESD testing requirements and procedures
	6.1 Tester and device preparation
	6.2 Test requirements
	6.2.1 Test temperature and humidity
	6.2.2 Device test

	6.3 Test procedures
	6.4 CDM test recording / reporting guidelines
	6.4.1 CDM test recording
	6.4.2 CDM Reporting Guidelines

	6.5 Testing of Devices in Small Packages

	7 CDM classification criteria
	Annexes 
	Annex A (normative) Verification module (metal disc) specifications and cleaning guidelines for verification modules and testers
	A.1 Tester verification modules and field plate dielectric
	A.2 Care of verification modules 

	Annex B (normative) Capacitance measurement of verification modules (metal discs) sitting on a tester field plate dielectric
	Annex C (normative) Testing of small package integrated circuits and discrete semiconductors (ICDS)
	C.1 Testing rationale
	C.2 Procedure for Determining Csmall 
	C.3 ICDS Technology requirements 

	Annex D (informative) CDM test hardware and metrology improvements
	Annex E (informative) CDM tester electrical schematic
	Annex F (informative) Sample oscilloscope setup and waveform
	F.1 General
	F.2 Settings for the 1 GHz bandwidth oscilloscope
	F.3 Settings for the high-bandwidth oscilloscope
	F.4 Setup
	F.5 Sample waveforms from a 1 GHz oscilloscope
	F.6 Sample waveforms from an 8 GHz oscilloscope

	Annex G (informative) Field-induced CDM tester discharge procedures
	G.1 General
	G.2 Single discharge procedure
	G.3 Dual discharge procedure

	Annex H (informative) Waveform verification procedures
	H.1 Factor/offset adjustment method
	H.2 Software voltage adjustment method
	H.3 Example parameter recording tables

	Annex I (informative) Determining the appropriate charge delay for full charging of a large module or device
	I.1 General
	I.2 Procedure for charge delay determination

	Annex J (informative) Electrostatic discharge (ESD) sensitivity testing direct contact charged device model (DC-CDM)
	J.1 General
	J.2 Standard test module
	J.3 Test equipment (CDM simulator)
	J.3.1 Test equipment design
	J.3.2 DUT (device under test) support
	J.3.3 Metal bar/board
	J.3.4 Equipment setup

	J.4 Verification of test equipment 
	J.4.1 General description of verification test equipment 
	J.4.2 Instruments for measurement
	J.4.3 Verification of test equipment, using a current probe

	J.5 Test procedure
	J.5.1 Initial measurement
	J.5.2 Tests
	J.5.3 Intermediate and final measurement

	J.6 Failure criteria
	J.7 Classification criteria
	J.8 Summary


	Bibliography
	Figures 
	Figure 1 – Simplified CDM tester hardware schematic
	Figure 2 – CDM characteristic waveform and parameters
	Figure E.1 – Simplified CDM tester electrical schematic
	Figure F.1 – 1 GHz TC 500, small verification module
	Figure F.2 – 1 GHz TC 500, large verification module
	Figure F.3 – 8 GHz TC 500, small verification module(oscilloscope adjusts for attenuation)
	Figure F.4 – GHz TC 500, large verification module(oscilloscope adjusts for attenuation)
	Figure G.1 – Single discharge procedure(field charging, ICDM Pulse, and slow discharge)
	Figure G.2 – Dual discharge procedure(field charging, 1st ICDM pulse, no field, 2nd ICDM pulse)
	Figure H.1 – An example of a waveform verification flow for qualification and quarterly checks using the factor/offset adjustment method
	Figure H.2 – An example of a waveform verification flow for the routine checks using the factor/offset adjustment method
	Figure H.3 – Example of average Ipeak for the large verification module –high bandwidth oscilloscope
	Figure H.4 – An example of a waveform verification flow for qualification and quarterly checks using the software voltage adjustment method
	Figure H.5 – An example of a waveform verification flow for the routine checks using the software voltage adjustment method
	Figure I.1 – An example characterization of charge delay vs. Ip
	Figure J.1 – Examples of discharge circuit wherethe discharge is caused by closing the switch
	Figure J.2 – Verification test equipment for measuring the discharge current flowing to the metal bar/board from the standard test module 
	Figure J.3 – Current waveform
	Figure J.4 – Measurement circuit for verification method using a current probe

	Tables 
	Table 1 – CDM waveform characteristics for a 1 GHz bandwidth oscilloscope
	Table 2 – CDM waveform characteristics for a high-bandwidth (≥ 6 GHz) oscilloscope
	Table 3 – CDM ESDS device classification levels
	Table A.1 – Specification for CDM tester verification modules (metal discs)
	Table H.1 – Example waveform parameter recording table for the factor/offset adjustment method
	Table H.2 – Example waveform parameter recording table for the software voltage adjustment method
	Table J.1 – Dimensions of the standard test modules
	Table J.2 – Specified current waveform
	Table J.3 – Range of peak current Ip1 for test equipment
	Table J.4 – Specification of peak current Ip1 for the current probe verification method


	International standard (Bilingual)
	English 
	CONTENTS
	FOREWORD
	1 Scope 
	2 Normative references
	3 Terms and definitions
	4 Required equipment
	4.1 CDM ESD tester
	4.1.1 General
	4.1.2 Current-sensing element
	4.1.3 Ground plane
	4.1.4 Field plate/field plate dielectric layer
	4.1.5 Charging resistor

	4.2 Waveform measurement equipment
	4.2.1 General
	4.2.2 Cable assemblies
	4.2.3 Equipment for high-bandwidth waveform measurement
	4.2.4 Equipment for 1,0 GHz waveform measurement

	4.3 Verification modules (metal discs) 
	4.4 Capacitance meter
	4.5 Ohmmeter

	5 Periodic tester qualification, waveform records, and waveform verification requirements
	5.1 Overview of required CDM tester evaluations
	5.2 Waveform capture hardware
	5.3 Waveform capture setup
	5.4 Waveform capture procedure
	5.5 CDM tester qualification/requalification procedure
	5.5.1 CDM tester qualification/requalification procedure
	5.5.2 Conditions requiring CDM tester qualification/requalification
	5.5.3 1 GHz oscilloscope correlation with high bandwidth oscilloscope

	5.6 CDM tester quarterly and routine waveform verification procedure
	5.6.1 Quarterly waveform verification procedure
	5.6.2 Routine waveform verification procedure

	5.7 Waveform characteristics
	5.8 Documentation
	5.9 Procedure for evaluating full CDM tester charging of a device

	6 CDM ESD testing requirements and procedures
	6.1 Tester and device preparation
	6.2 Test requirements
	6.2.1 Test temperature and humidity
	6.2.2 Device test

	6.3 Test procedures
	6.4 CDM test recording / reporting guidelines
	6.4.1 CDM test recording
	6.4.2 CDM Reporting Guidelines

	6.5 Testing of Devices in Small Packages

	7 CDM classification criteria
	Annexes 
	Annex A (normative) Verification module (metal disc) specifications and cleaning guidelines for verification modules and testers
	A.1 Tester verification modules and field plate dielectric
	A.2 Care of verification modules 

	Annex B (normative) Capacitance measurement of verification modules (metal discs) sitting on a tester field plate dielectric
	Annex C (normative) Testing of small package integrated circuits and discrete semiconductors (ICDS)
	C.1 Testing rationale
	C.2 Procedure for Determining Csmall 
	C.3 ICDS Technology requirements 

	Annex D (informative) CDM test hardware and metrology improvements
	Annex E (informative) CDM tester electrical schematic
	Annex F (informative) Sample oscilloscope setup and waveform
	F.1 General
	F.2 Settings for the 1 GHz bandwidth oscilloscope
	F.3 Settings for the high-bandwidth oscilloscope
	F.4 Setup
	F.5 Sample waveforms from a 1 GHz oscilloscope
	F.6 Sample waveforms from an 8 GHz oscilloscope

	Annex G (informative) Field-induced CDM tester discharge procedures
	G.1 General
	G.2 Single discharge procedure
	G.3 Dual discharge procedure

	Annex H (informative) Waveform verification procedures
	H.1 Factor/offset adjustment method
	H.2 Software voltage adjustment method
	H.3 Example parameter recording tables

	Annex I (informative) Determining the appropriate charge delay for full charging of a large module or device
	I.1 General
	I.2 Procedure for charge delay determination

	Annex J (informative) Electrostatic discharge (ESD) sensitivity testing direct contact charged device model (DC-CDM)
	J.1 General
	J.2 Standard test module
	J.3 Test equipment (CDM simulator)
	J.3.1 Test equipment design
	J.3.2 DUT (device under test) support
	J.3.3 Metal bar/board
	J.3.4 Equipment setup

	J.4 Verification of test equipment 
	J.4.1 General description of verification test equipment 
	J.4.2 Instruments for measurement
	J.4.3 Verification of test equipment, using a current probe

	J.5 Test procedure
	J.5.1 Initial measurement
	J.5.2 Tests
	J.5.3 Intermediate and final measurement

	J.6 Failure criteria
	J.7 Classification criteria
	J.8 Summary


	Bibliography
	Figures 
	Figure 1 – Simplified CDM tester hardware schematic
	Figure 2 – CDM characteristic waveform and parameters
	Figure E.1 – Simplified CDM tester electrical schematic
	Figure F.1 – 1 GHz TC 500, small verification module
	Figure F.2 – 1 GHz TC 500, large verification module
	Figure F.3 – 8 GHz TC 500, small verification module (oscilloscope adjusts for attenuation)
	Figure F.4 – GHz TC 500, large verification module (oscilloscope adjusts for attenuation)
	Figure G.1 – Single discharge procedure (field charging, ICDM Pulse, and slow discharge)
	Figure G.2 – Dual discharge procedure (field charging, 1st ICDM pulse, no field, 2nd ICDM pulse)
	Figure H.1 – An example of a waveform verification flow for qualification and quarterly checks using the factor/offset adjustment method
	Figure H.2 – An example of a waveform verification flow for the routine checks using the factor/offset adjustment method
	Figure H.3 – Example of average Ipeak for the large verification module –high bandwidth oscilloscope
	Figure H.4 – An example of a waveform verification flow for qualification and quarterly checks using the software voltage adjustment method
	Figure H.5 – An example of a waveform verification flow for the routine checks using the software voltage adjustment method
	Figure I.1 – An example characterization of charge delay vs. Ip
	Figure J.1 – Examples of discharge circuit where the discharge is caused by closing the switch
	Figure J.2 – Verification test equipment for measuring the discharge current flowing to the metal bar/board from the standard test module 
	Figure J.3 – Current waveform
	Figure J.4 – Measurement circuit for verification method using a current probe

	Tables
	Table 1 – CDM waveform characteristics for a 1 GHz bandwidth oscilloscope
	Table 2 – CDM waveform characteristics for a high-bandwidth (≥ 6 GHz) oscilloscope
	Table 3 – CDM ESDS device classification levels
	Table A.1 – Specification for CDM tester verification modules (metal discs)
	Table H.1 – Example waveform parameter recording table for the factor/offset adjustment method
	Table H.2 – Example waveform parameter recording table for the software voltage adjustment method
	Table J.1 – Dimensions of the standard test modules
	Table J.2 – Specified current waveform
	Table J.3 – Range of peak current Ip1 for test equipment
	Table J.4 – Specification of peak current Ip1 for the current probe verification method


	Français 
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application 
	2 Références normatives
	3 Termes et définitions
	4 Appareillage exigé
	4.1 Appareil d’essai de DES de CDM
	4.1.1 Généralités
	4.1.2 Détecteur de courant
	4.1.3 Plan de masse
	4.1.4 Plaque de champ /couche diélectrique de la plaque de champ
	4.1.5 Résistance de charge

	4.2 Appareil de mesure de la forme d’onde
	4.2.1 Généralités
	4.2.2 Ensembles de câbles
	4.2.3 Appareil pour le mesurage d’une forme d’onde à largeur de bande élevée
	4.2.4 Appareil pour le mesurage d’une forme d’onde de 1,0 GHz

	4.3 Modules de vérification (disques métalliques) 
	4.4 Capacimètre
	4.5 Ohmmètre

	5 Exigences de qualification périodique de l’appareil d’essai et exigences concernant les enregistrements et la vérification de la ou des formes d'onde
	5.1 Présentation des évaluations exigées de l’appareil d'essai de CDM
	5.2 Matériel de capture de la ou des formes d'onde
	5.3 Configuration de capture de la ou des formes d'onde
	5.4 Procédure de capture de la ou des formes d'onde
	5.5 Procédure de qualification/requalification de l’appareil d'essai de CDM
	5.5.1 Procédure de qualification/requalification de l’appareil d'essai de CDM
	5.5.2 Conditions qui exigent la qualification/requalification de l’appareil d'essai de CDM
	5.5.3 Corrélation entre l’oscilloscope à 1 GHz et l’oscilloscope à largeur de bande élevée

	5.6 Procédure de vérification trimestrielle et de routine des formes d'onde propre à l’appareil d’essai de CDM
	5.6.1 Procédure de vérification trimestrielle des formes d’onde
	5.6.2 Procédure de vérification de routine des formes d’onde

	5.7 Caractéristiques des formes d’onde
	5.8 Documentation
	5.9 Procédure d’évaluation de la charge complète de l’appareil d’essai d’un dispositif

	6 Exigences et procédures d’essai de DES de CDM
	6.1 Préparation de l'appareil d’essai et des dispositifs
	6.2 Exigences d’essai
	6.2.1 Température et humidité d’essai
	6.2.2 Essai des dispositifs

	6.3 Modes opératoires
	6.4 Lignes directrices d’enregistrement / consignation dans un rapport de l’essai de CDM
	6.4.1 Enregistrement de l’essai de CDM
	6.4.2 Lignes directrices relatives à la consignation dans un rapport de l’essai de CDM

	6.5 Essai des dispositifs dans de petits boîtiers

	7 Critères de classification de CDM
	Annexes 
	Annexe A (normative) Spécifications des modules de vérification (disques métalliques) et lignes directrices de nettoyage applicables aux modules de vérification et aux appareils d’essai
	A.1 Modules de vérification de l’appareil d’essai et couche diélectrique de la plaque de champ
	A.2 Soin apporté aux modules de vérification 

	Annexe B (normative) Mesurage de la capacité des modules de vérification (disques métalliques) placés sur la couche diélectrique de la plaque de champ d’un appareil d’essai
	Annexe C (normative) Essai des circuits intégrés et des semiconducteurs discrets (ICDS) dans de petits boîtiers
	C.1 Justification d’essai
	C.2 Procédure de détermination de Cfaible 
	C.3 Exigences concernant la technique ICDS 

	Annexe D (informative) Améliorations matérielles et métrologiques de l’essai de CDM
	Annexe E (informative) Schéma électrique de l’appareil d’essai de CDM
	Annexe F (informative) Montage et forme d’onde échantillons pour oscilloscope
	F.1 Généralités
	F.2 Réglages pour l’oscilloscope à largeur de bande à 1 GHz
	F.3 Réglages pour l’oscilloscope à largeur de bande élevée
	F.4 Montage
	F.5 Formes d'onde échantillons produites par un oscilloscope à 1 GHz
	F.6 Formes d'onde échantillons produites par un oscilloscope à 8 GHz

	Annexe G (informative) Procédures de décharge de l’appareil d’essai de CDM induit par champ
	G.1 Généralités
	G.2 Procédure de décharge unique
	G.3 Procédure de double décharge

	Annexe H (informative) Procédures de vérification des formes d’onde
	H.1 Méthode d'ajustement du paramètre facteur/décalage
	H.2 Méthode d'ajustement de la tension logicielle
	H.3 Exemple de tableaux d’enregistrement des paramètres

	Annexe I (informative) Détermination du délai de charge approprié pour une charge complète d’un grand module ou d’un dispositif de grande taille
	I.1 Généralités
	I.2 Procédure de détermination du délai de charge

	Annexe J (informative) Essai de sensibilité aux décharges électrostatiques (DES) avec modèle de dispositif chargé par contact direct (DC-CDM)
	J.1 Généralités
	J.2 Module d'essai normalisé
	J.3 Appareillage d'essai (simulateur de CDM)
	J.3.1 Conception de l'appareillage d'essai
	J.3.2 Support du DEE (dispositif en essai)
	J.3.3 Barre/carte métallique
	J.3.4 Montage de l’appareillage

	J.4 Vérification de l'appareillage d'essai 
	J.4.1 Description générale de la vérification de l’appareillage d'essai 
	J.4.2 Instruments de mesure
	J.4.3 Vérification de l'appareillage d'essai à l'aide d'une sonde de courant

	J.5 Mode opératoire
	J.5.1 Mesurage initial
	J.5.2 Essais
	J.5.3 Mesurages intermédiaires et finaux

	J.6 Critères de défaillance
	J.7 Critères de classification
	J.8 Résumé


	Bibliographie
	Figures 
	Figure 1 – Schéma matériel simplifié de l'appareil d'essai de CDM
	Figure 2 – Forme d’onde et paramètres caractéristiques du CDM
	Figure E.1 – Schéma électrique simplifié de l'appareil d'essai de CDM
	Figure F.1 – Petit module de vérification TC 500 à 1 GHz
	Figure F.2 – Grand module de vérification TC 500 à 1 GHz
	Figure F.3 – Petit module de vérification TC 500 à 8 GHz (ajustement de l’affaiblissement par l’oscilloscope)
	Figure F.4 – Grand module de vérification TC 500 à 8 GHz (ajustement de l’affaiblissement par l’oscilloscope)
	Figure G.1 – Procédure de décharge unique (charge de champ, impulsion de ICDM, et décharge lente)
	Figure G.2 – Procédure de double décharge (charge de champ, 1re impulsion de ICDM, absence de champ, 2e impulsion de ICDM)
	Figure H.1 – Exemple de flux de vérification des formes d'onde pour les contrôles de qualification et trimestriels avec application de la méthode d'ajustement du paramètre facteur/décalage
	Figure H.2 – Exemple de flux de vérification des formes d'onde pour les contrôles de routine avec application de la méthode d'ajustement du paramètre facteur/décalage
	Figure H.3 – Exemple de valeur Icrête moyenne pour le grand module de vérification – oscilloscope à largeur de bande élevée
	Figure H.4 – Exemple de flux de vérification des formes d'onde pour les contrôles de qualification et trimestriels avec application de la méthode d'ajustement de la tension logicielle
	Figure H.5 – Exemple de flux de vérification des formes d'onde pour les contrôles de routine avec application de la méthode d'ajustement de la tension logicielle
	Figure I.1 – Exemple de caractérisation du délai de charge par rapport à la valeur Ip
	Figure J.1 – Exemples de circuit de décharge avec lequel la décharge est provoquée par la fermeture du commutateur
	Figure J.2 – Appareillage d'essai de vérification pour mesurer le courant de décharge qui s'écoule vers la barre/carte métallique depuis le module d'essai normalisé 
	Figure J.3 – Forme d'onde de courant
	Figure J.4 – Circuit de mesure pour la méthode de vérification qui utilise une sonde de courant

	Tableaux 
	Tableau 1 – Caractéristiques des formes d’onde de CDM pour un oscilloscope à largeur de bande de 1 GHz
	Tableau 2 – Caractéristiques des formes d’onde de CDM pour un oscilloscope à largeur de bande élevée (≥ 6 GHz)
	Tableau 3 – Niveaux de classification des dispositifs de DES de CDM 
	Tableau A.1 – Spécification des modules de vérification (disques métalliques) de l'appareil d’essai de CDM
	Tableau H.1 – Exemple de tableau d'enregistrement des paramètres de formes d’onde pour la méthode d'ajustement du paramètre facteur/décalage
	Tableau H.2– Exemple de tableau d'enregistrement des paramètres de formes d’onde pour la méthode d'ajustement de la tension logicielle
	Tableau J.1 – Dimensions des modules d'essai normalisés
	Tableau J.2 – Forme d'onde de courant spécifiée
	Tableau J.3 – Plage de courant de crête Ip1 pour l'appareillage d'essai
	Tableau J.4 – Spécification du courant de crête Ip1 pour la méthode de vérification par sonde de courant






