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Electrostatic Discharge Association (ESDA) standards and publications are designed to serve the
public interest by eliminating misunderstandings between manufacturers and purchasers, facilitating
the interchangeability and improvement of products and assisting the purchaser in selecting and
obtaining the proper product for his particular needs. The existence of such standards and
publications shall not in any respect preclude any member or non-member of the Association from
manufacturing or selling products not conforming to such standards and publications. Nor shall the
fact that a standard or publication is published by the Association preclude its voluntary use by non-
members of the Association whether the document is to be used either domestically or internationally.
Recommended standards and publications are adopted by the ESDA in accordance with the ANSI
Patent policy.

Interpretation of ESDA Standards: The interpretation of standards in-so-far as it may relate to a
specific product or manufacturer is a proper matter for the individual company concerned and cannot
be undertaken by any person acting for the ESDA. The ESDA Standards Chairman may make
comments limited to an explanation or clarification of the technical language or provisions in a
standard, but not related to its application to specific products and manufacterers. No other person is
authorized to comment on behalf of the ESDA on any ESDA Standard.

THE CONTENTS OF ESDA’'S STANDARDS AND PUBLICATIONS ARE PROVIDED “AS-IS,” AND
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INFRINGEMENT.
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PRODUCT SELLER’S OR USER'S OWN JUDGEMENT WITH RESPECT TO ANY PARTICULAR
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PERFORMANCE OF ANY INDIVIDUAL MANUFACTURERS’ PRODUCTS BY VIRTUE OF SUCH
STANDARDS OR PUBLICATIONS. THUS, ESDA EXPRESSLY DISLAIMS ANY RESPONSIBILITY
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(This foreword is not part of ESD Association Standard ANSI/ESD S5.3.1-2009)

FOREWORD

The earliest electrostatic discharge (ESD) test models and standards simulate a charged object
approaching a component and discharging through the component. However, with the increasing
use of automated component handling systems another potentially destructive discharge
mechanism, the charged device model (CDM) becomes increasingly important. In the CDM a
component 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.

Accurately quantifying the CDM discharge event is very difficult, if not impossible, due to the
limitations of the measuring equipment and its influence on the discharge event. The CDM
discharge is generally completed in a few nanoseconds, and peak currents of tens of amperes
have been observed. The peak current into the component will vary considerably depending on a
large number of factors, including package type and parasitics. The typical failure mechanism
observed in MOS components for the CDM model is dielectric damage, although other damage
has been noted.

The CDM sensitivity of a given component is package dependent. An integrated circuit (IC) chip
in a small outline package (SOP) configuration may be more susceptible to CDM damage when
compared to a dual-in-line (DIL) package configuration. ICs in thin, small outline packages
(TSOP), or pin grid array (PGA) packages typically have the lowest CDM withstand voltage.

Based on results obtained with early CDM testers (not necessarily meeting the waveform
requirements of this standard), components with CDM sensitivities of 500 volts or less proved
difficult to handle without damage. Components with CDM sensitivities of 1,000 volts or more did
not experience major field problems when proper handling techniques were followed. Recent
data indicate with proper ESD controls, safe handling of devices with CDM sensitivities of 250V is
achieved.

Waveform parameters for the 30 pF verification module may be subject to change in future
revisions of this document.

This CDM document does not apply to the socketed discharge model testers.

This document was originally desiqnated ANSI/ESD STM5.3.1-1999 and approved on
September 26, 1999. This standard ™ is a revision of ANSI/ESD STM5.3.1-1999 and was

approved on July 31, 2009. This standard was prepared by the 5.3.1 (CDM) Device Testing
Subcommittee.

! ESD Association Standard (S): A precise statement of a set of requirements to be satisfied by a material,
product, system or process that also specifies the procedures for determining whether each of the
requirements is satisfied.


https://webstore.ansi.org/Standards/ESDA/ANSIESDS52009?source=preview

This is a preview of "ANSI/ESD S5.3.1-2009". Click here to purchase the full version from the ANSI store.

ANSI/ESD S5.3.1-2009

At the time ANSI/ESD S5.3.1-2009 was prepared, the 5.3.1 (CDM) Device Testing Subcommittee

had the following members:

Robert Ashton
ON Semiconductor

Marti Farris
Intel Corporation

Vaughn Gross
Green Mountain ESD Labs

Thomas Meuse
Thermo Fisher Scientific

Kathleen Muhonen
Penn State Erie
The Behrend College

Alan Righter
Analog Devices

Leo G. Henry, Chair
ESD & TLP Consultants

Jon Barth
Barth Electronics

Reinhold Gaertner
Infineon Technologies

Evan Grund
Grund Technical Solutions

Doug Miller
Sandia National
Laboratories

Ravindra Narayan
LSI Corporation.

Mirko Scholz
IMEC

Scott Ward
Texas Instruments

Mike Chaine
Micron Technology

Horst Gieser
Fraunhofer 1ZM

Satoshi Isofuku
Tokyo Electronics Trading
Co., Ltd.

Kyungjin Min
Global Technology Leader

Nathaniel Peachey
RF Micro Devices

Steven H. Voldman
Dr. Steven H. Voldman,
LLC

The following individuals made significant contributions to ANSI/ESD S5.3.1-2009:

Ramachandran Chundru
Texas Instruments

Steven Thijs
IMEC

Timothy Maloney
Intel Corporation

lan Morgan
ESD Consultant

Roger Watkins

Grund Technical Solutions


https://webstore.ansi.org/Standards/ESDA/ANSIESDS52009?source=preview

This is a preview of "ANSI/ESD S5.3.1-2009". Click here to purchase the full version from the ANSI store.

ANSI/ESD S5.3.1-2009

At the time ANSI/ESD STM5.3.1-1999 was prepared, the 5.3.1 (CDM) Device Testing
Subcommittee had the following members:

Koen Verhaege, Chair
Sarnoff Corporation

Jon Barth Bob Carey Mike Chaine
Barth Electronics Lucent Technologies Micron Technology
Ira Cohen Lou DeChairo Tom Diep
Intel Lucent Technologies Texas Instruments
Marti Farris Leo G. Henry Hugh Hyatt
Intel ORYX Instruments Hyger Physics
Scott Johnson : Mark Kelly . Thomas Meuse
Delphi Delco Electronics
AMD Keytek
Systems
lan Morgan
AMD

The following individuals made significant contributions to ANSI/ESD STM5.3.1-1999:

Les Avery Karlheinz Bock Satoshi Isofuku
Sarnoff Corporation IMEC Tokyo Electronics Trading
Joseph Veltri Terry Welsher

Ford Lucent Technologies


https://webstore.ansi.org/Standards/ESDA/ANSIESDS52009?source=preview

This is a preview of "ANSI/ESD S5.3.1-2009". Click here to purchase the full version from the ANSI store.

AN

SI/ESD S5.3.1-2009

1.0

2.0
3.0
4.0
5.0
6.0

7.0

TABLE OF CONTENTS

SCOPE AND PURPOSE...........ccooiiiieeiiiiies

R Yol ] = =
1.2 PURPOSE ....iiieeeeeeieteeeeee et

REFERENCED PUBLICATIONS..................
DEFINITIONS .....oooiiiieiee e
PERSONNEL SAFETY ..cooiiiiiiieeeeeiee,
ESD COMPONENT CLASSIFICATIONS......

COMPONENT CHARGING AND DISCHARGING METHODS........ccccciiiiiiie e,

6.1 DIRECT CHARGING METHOD.......ccoecvvnivnnnnnn.
6.2 FIELD-INDUCED CHARGING METHOD..............
6.3 DISCHARGING METHOD. .......cvveeieriieeeeineeeenn

REQUIRED EQUIPMENT ......cccccciviiiiiiin,

7.1 CDMESD TESTER....ccttttiiiieeeeereiiiiiiieeeaneenns
7.2 WAVEFORM MEASUREMENT EQUIPMENT.......

7.2.1 Equipment for 3.0 Gigahertz Waveform Measurement ..........cccccveiiuiieieeieeeeieniiviieen.
7.2.2 Equipment for 1.0 Gigahertz Waveform Measurement ..........cccccoviuiiiieeeeeeeinniiiiieen.

7.2.3 Verification Modules...........ccoeeeeeennnnnn.
7.2.4 Capacitance Meter............cccccvvveeeeeennn.
7.25 ONMMELEr ..covvviiiiiiiiiiieeee e

8.0 PERIODIC EQUIPMENT CALIBRATION, TESTER QUALIFICATION, WAVEFORM
RECORDS AND WAVEFORM VERIFICATION REQUIREMENTS.........coooiiiiiiiis

8.1 EQUIPMENT CALIBRATION ...cceevvvviviiiiieeeennenns
8.1.1 Capacitance of Verification Modules...
8.2 TESTER QUALIFICATION ....ccvvvvvererererernrnnennnns

8.3 TESTER WAVEFORM RECORDS: NEW EQUIPMENT ...uuiituiiitiiiitiiiiiieeineiteesteesiesaasesansssbneasnsenes

8.4 TESTER WAVEFORM VERIFICATION...............

9.0 QUALIFICATION AND VERIFICATION PROCEDURES ........cccooiiiiiiiiiii e

9.1 CDM ESD TESTER QUALIFICATION PROCEDURE ......ccuttuiiiiiiiieeiintinieesssesesinnnesassssssinneaesenns

9.2 WAVEFORM VERIFICATION PROCEDURE.........

10.0 CDM ESDS TESTING REQUIREMENTS AND PROCEDURES ..........ccccooiiiiiiiiis

10.1 TEST REQUIREMENTS ...ccovvvviiiieeeeereeerinineenns
10.1.1 Handling of Components ....................
10.1.2 ESD Stress Test Temperature............
10.1.3 Recommended Waveform Check.......
10.1.4 Component Static and Dynamic Tests


https://webstore.ansi.org/Standards/ESDA/ANSIESDS52009?source=preview

This is a preview of "ANSI/ESD S5.3.1-2009". Click here to purchase the full version from the ANSI store.

ANSI/ESD S5.3.1-2009

10.2 CDM COMPONENT CLASSIFICATION TESTING PROCEDURE........ccceiiiiiiiiiiiieieieeeeeeeeee e 9
11.0 CLASSIFICATION CRITERIA ..ooi ettt ettt ettt et a e e et e e e e sntee e e e nntae e e e nnees 12
ANNEXES
ANNEX A (INFORMATIVE) - Discharge Test Method Guidance...........ccccceeevviiiiiiieeeee e, 15
ANNEX B (INFORMATIVE) - Verification Module Physical and Electrical Characteristics........... 16
ANNEX C (INFORMATIVE) - Recommended Component / Verification Module Handling and

Tester Cleaning GUIElNES .........c.c.ceevveeeiiiiieec e 17
ANNEX D (INFORMATIVE) - ANSI/ESD S5.3.1-2009 ReVision HiStory..........cccovvvvieeiiiiieeennnne 18
TABLES
Table 1. CDM ESDS Component Classification LeVeIS ... 2
Table 2. CDM ESD StrESS LEVEIS .....coiiiiiiiiitieii ettt e e e e e e e e 8
Table 3. Waveform Requirements Using the 3.0 Gigahertz Bandwidth Scope ...........ccccccceeeene. 13
Table 4. Waveform Requirements Using the 1.0 Gigahertz Bandwidth Scope ............cccccceeeeene. 14
Table 5. Specification for Verification MOAUIES ............ccvvveiiiiii i 16
FIGURES
Figure 1. Conceptual Schematic of the CDM TeSIEI .....cuviiiiiiiiiiieiie e 4
Figure 2. Single Discharge Procedure (Field charging, lcpm Pulse, and slow discharge)............ 10

Figure 3. Dual Discharge Procedure (Field charging, 1% Icpm Pulse, No Field, 2 lcpm Pulse).. 11
Figure 4. CDM ESD Waveform for the Verification Modules Using a 3.0 Gigahertz

Bandwidth Measurement SYSTEM ........coiiiiiiiiiiee e 12
Figure 5: CDM ESD Waveform for the Verification Modules Using the 1.0 Gigahertz

Bandwidth Measurement SYSEEM .......ooiiuiiiiiii et e e e 13
Figure 6: The 30 pF Verification Module with Large Metallic DisK ............ccccceveeiiiiiiiiiieeeee e, 16
Figure 7. The 4.0 pF Verification Module with Small Metallic DisK ...........ccccceveeiiiiiiiiiieeece e, 16


https://webstore.ansi.org/Standards/ESDA/ANSIESDS52009?source=preview

