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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 that 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 manufacturers. 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 ESDA MAKES NO REPRESENTATIONS OR WARRANTIES, 
EXPRESSED OR IMPLIED, OF ANY KIND WITH RESPECT TO SUCH CONTENTS.  
ESDA DISCLAIMS ALL REPRESENTATIONS AND WARRANTIES, INCLUDING 
WITHOUT LIMITATION, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE OR USE, TITLE, AND NON-INFRINGEMENT. 

ESDA STANDARDS AND PUBLICATIONS ARE CONSIDERED TECHNICALLY 
SOUND AT THE TIME THEY ARE APPROVED FOR PUBLICATION.  THEY ARE NOT 
A SUBSTITUTE FOR A PRODUCT SELLER’S OR USER’S OWN JUDGEMENT WITH 
RESPECT TO ANY PARTICULAR PRODUCT DISCUSSED, AND ESDA DOES NOT 
UNDERTAKE TO GUARANTEE THE PERFORMANCE OF ANY INDIVIDUAL 
MANUFACTURERS’ PRODUCTS BY VIRTUE OF SUCH STANDARDS OR 
PUBLICATIONS. THUS, ESDA EXPRESSLY DISLAIMS ANY RESPONSIBILITY FOR 
DAMAGES ARISING FROM THE USE, APPLICATION, OR RELIANCE BY OTHERS 
ON THE INFORMATION CONTAINED IN THESE STANDARDS OR PUBLICATIONS. 

NEITHER ESDA, NOR ITS FORMER AND PRESENT MEMBERS, OFFICERS, 
EMPLOYEES, OR OTHER REPRESENTATIVES WILL BE LIABLE FOR DAMAGES 
ARISING OUT OF, OR IN CONNECTION WITH, THE USE OR MISUSE OF ESDA 
STANDARDS OR PUBLICATIONS, EVEN IF ADVISED OF THE POSSIBILITY 
THEREOF. THIS IS A COMPREHENSIVE LIMITATION OF LIABILITY THAT APPLIES 
TO ALL DAMAGES OF ANY KIND, INCLUDING WITHOUT LIMITATION, LOSS OF 
DATA, INCOME OR PROFIT, LOSS OF OR DAMAGE TO PROPERTY, AND CLAIMS 
OF THIRD PARTIES. 
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i 

(This foreword is not part of ESD Association Standard Test Method ANSI/ESD STM2.1-2018) 
 
 

FOREWORD 

This standard test method1 (STM) provides test methods for evaluating the electrical resistance of 
garments that contain surface conductive or dissipative components or materials used in the 
electronics industry for the control of electrostatic discharge. This document defines procedures 
for measuring electrical resistance, including a system resistance test for garments that provide a 
ground path for personnel. 

Clothing made from synthetic fibers is a common source of electrostatic charge. Wearing an 
appropriate static control garment over personal clothing can minimize the effect of this charge. 
To effectively control electrostatic charges, the static control garment must be grounded. 

Three categories of garments are considered in this document. 

• ESD Category 1 garment; a static control garment may suppress or otherwise affect an 
electric field from clothing worn underneath the garment without being attached to ground. 
However, without grounding, a charge may accumulate on conductive or dissipative elements 
of a garment, if present, resulting in a charged source. 

• ESD Category 2 garment; a groundable static control garment, when connected to 
ground, provides a higher level of suppression of the affects of an electric field from clothing 
worn underneath the garment. 

• ESD Category 3 garment; a groundable static control garment system provides a ground 
path for a person that suppresses the electrical field from clothing worn underneath the 
garment and also bonds the skin of the test subject to an identified ground path. Groundable 
static control garment systems may also be used in conjunction with a continuous or constant 
monitoring system in a manner similar to those used in continuous monitoring of wrist straps 
in an ESD protected area (EPA). 

Resistive characterization is only one aspect to consider in evaluating garments for any specific 
application. To fully characterize a garment, electrical field attenuation, static charge decay, peak 
voltage, residual voltage and triboelectric charging may need to be considered. Other attributes 
related to applications and environments, such as cleanroom compatibility, chemical and fire 
resistance, etc., should be evaluated in the garment selection process but are beyond the scope 
of this document. 

Garments constructed from fabrics made with fibers that are not surface conductive but may have 
other related properties that impart some level of electrostatic charge dissipation or suppression 
when connected to ground, are not specifically measured by the methods provided in this STM. 

Some garment fabrics and construction may allow for surface voltage accumulation and charge 
transfer to occur, which may be detrimental to electronic items. 

This document was originally designated ANSI/ESD STM2.1-1997 and approved on 
September 20, 1997. On September 7, 2011, ANSI administratively withdrew ANSI/ESD STM2.1-
1997 and the document was redesignated ESD STM2.1-1997. ANSI/ESD STM2.1-2013 was a 
revision of ESD STM2.1-1997 and was approved on February 10, 2013. ANSI/ESD STM2.1-2018 
is a reaffirmation of ANSI/ESD STM2.1-2013 and was approved on April 15, 2018. 

                                            
1 ESD Association Standard Test Method (STM):  A definitive procedure for the identification, 
measurement and evaluation of one or more qualities, characteristics or properties of a material, product, 
system or process that yields a reproducible test result. 
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1 

ESD Association Standard Test Method for the Protection of Electrostatic Discharge 
Susceptible Items – Garments – Resistive Characterization 

 

1.0 PURPOSE, SCOPE, AND APPLICATION 

1.1 Purpose 

This document provides test methods for evaluating the electrical resistance of static control 
garments that contain surface conductive or dissipative components or materials. 

 

1.2 Scope 

This document applies to outer garments that utilize surface conductive or dissipative 
components or materials, used for static control applications. 
NOTE:  The test methods defined in this document are not intended to measure materials with buried 
conductive layers. 

 

1.3 Application 

The test methods defined in this document utilize standard instruments to measure the electrical 
resistance of static control garments that are constructed with surface conductive or dissipative 
components or materials. 

 

1.3.1 The resistance point-to-point test method (Figures 3a, 3b, 3c, 4, 5a, 5b, and 5c) tests the 
electrical resistance between the two sleeves, any two panels, or any two or more electrically 
interconnected components of the static control garment, including the electrical resistance 
across the seams and body contact point (BCP) of the garment as applicable. 

 

1.3.1.1 An alternate sleeve-to-sleeve test method is provided in Section 6.5.2. It uses 
clamp/electrodes to hang the garment during the measurement, as shown in Figure 10. 

 

1.3.2 Static control garments that electrically bond to the test subject and provide a path to 
ground for the test subject (Category 3) shall be evaluated by all three methods: 

• the resistance point-to-point test method (Fig 5a, 5b and 5c); 
• the resistance point-to-groundable point test method (Figures 4, 6a, 6b and 7); and 
• the system test to determine the resistance from the person, through the garment 

groundable point of the garment to the groundable point, including the ground cord 
(Figures 8a and 8b). 
 

1.3.3 The BCP measurement test method is provided in Section 6.3.3.3 for garments so 
equipped. The cuff test fixture shown in Figure 2 and applied in Figure 7 is required for these 
measurements. This cuff test fixture is also described in ANSI/ESD S1.1 - Wrist Straps. 
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2.0 REFERENCED PUBLICATIONS 

Unless otherwise specified, the following documents of the latest issue, revision or amendment 
form a part of this standard to the extent specified herein: 

ESD ADV1.0, ESD Association’s Glossary of Terms2 

ANSI/ESD S1.1, Wrist Straps2 

ESD TR53, Compliance Verification of ESD Protective Equipment and Materials2 

ASTM D257, Standard Test Method for DC Resistance or Conductance of Insulating Materials3 

 

3.0 DEFINITIONS 

The terms used in the body of this document are in accordance with the definitions found in ESD 
ADV1.0, ESD Association’s Glossary of Terms available for complimentary download at 
www.esda.org. 

body contact point (BCP). The portion of the ESD control item that makes electrical contact with 
the human body. For a garment, this may be a conductive cuff or a device that takes the place of 
a wrist strap or a wristband type grounding mechanism for contact to the wrist of the test subject. 

ground termination point (Gtp). The end of the bonding conductor that attaches to the common 
connection point or common point ground within an Electrostatic Protected Area (EPA). 

resistance point-to-point (Rpp). The resistance in ohms measured from one cylindrical 
electrode to the other cylindrical electrode on the surface of the same panel, between two 
different panels or between two Body Contact Points (BCP) of a garment. 

resistance point-to-groundable point (Rpgp). The resistance in ohms measured between a 
single cylindrical electrode placed on a surface and a garment groundable point (Gp). 

 

4.0 PERSONNEL SAFETY 

THE PROCEDURES AND EQUIPMENT DESCRIBED IN THIS DOCUMENT MAY EXPOSE 
PERSONNEL TO HAZARDOUS ELECTRICAL CONDITIONS. USERS OF THIS DOCUMENT 
ARE RESPONSIBLE FOR SELECTING EQUIPMENT THAT COMPLIES WITH APPLICABLE 
LAWS, REGULATORY CODES, AND BOTH EXTERNAL AND INTERNAL POLICY. USERS 
ARE CAUTIONED THAT THIS DOCUMENT CANNOT REPLACE OR SUPERSEDE ANY 
REQUIREMENTS FOR PERSONNEL SAFETY. 

GROUND FAULT CIRCUIT INTERRUPTERS (GFCI) AND OTHER SAFETY PROTECTION 
SHOULD BE CONSIDERED WHEREVER PERSONNEL MIGHT COME INTO CONTACT WITH 
ELECTRICAL SOURCES. 

ELECTRICAL HAZARD REDUCTION PRACTICES SHOULD BE EXERCISED AND PROPER 
GROUNDING INSTRUCTIONS FOR EQUIPMENT SHOULD BE FOLLOWED. 

THE RESISTANCE MEASUREMENTS OBTAINED THROUGH THE USE OF THIS TEST 
METHOD SHALL NOT BE USED TO DETERMINE THE RELATIVE SAFETY OF PERSONNEL 
EXPOSED TO HIGH AC OR DC VOLTAGES. 

 

                                            
2 EOS/ESD Association, Inc., 7900 Turin Road, Bldg. 3, Rome, NY 13440; Ph: 315-339-6937; 
www.esda.org 
3 American Society for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, PA 19103-1187, 215-
299-5400 
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5.0 EQUIPMENT AND MATERIALS 

5.1 Test Equipment Requirements 

5.1.1 Resistance Measurement Apparatus 

The measurement apparatus, called the meter, whether it is a single meter or a collection of 
instruments that are capable of the following: 

 

5.1.1.1 For Product Qualification 

The meter shall have a DC circuit voltage of 10 volts (± 5%) while under load for measurements 
less than 1.0 x 106 ohms and 100 volts (± 5%) while under load for measurements of 
1.0 x 106 ohms and above. 

The meter shall be capable of making measurements from 1.0 x 103 ohms to 1.0 x 1012 ohms. 

 

5.1.1.2 For Acceptance Testing 

A meter meeting the requirements of the product qualification meter may be used for acceptance 
testing, or the meter shall have a DC open circuit voltage of 10 volts (± 5%) for measurements 
less than 1.0 x 106 ohms and 100 volts (± 5%) for measurements of 1.0 x 106 ohms and above. 

The meter shall be capable of making measurements from 1.0 x 103 ohms to 1.0 x 1012 ohms. 

In case of disagreement the meter used for product qualification will be used to resolve any 
disputes. 

 

5.1.1.3 For Periodic Verification of a Groundable Static Control Garment System (Category 3) 

Integrated tester or meter, whether it is a single meter (ohmmeter) or a collection of instruments 
that are capable of measuring from 5.0 x 104 ohms to greater than or equal to 1.0 x 108 ohms with 
a test voltage from 7 to 30 volts DC open circuit. 

Some integrated testers require manual selection to wrist strap resistance test ranges. 
NOTE:  For all meter applications, both test leads should be capable of being isolated from ground. AC line 
powered resistance measuring devices may give erroneous results due to undefined ground paths. 

NOTE:  The meters in 5.1.1.1 and 5.1.1.2 may be used at their 10 volt setting. 

NOTE:  The pass/fail limit for integrated testers used for the system test described in 6.3.4.2 and 6.5.3.2 is 
< 35 megohms. 

 

5.1.1.4 Compliance Verification 

See ESD TR53 - Compliance Verification of ESD Protective Equipment and Materials.2 

 

5.1.2 Resistance Measurement Electrode(s) 

5.1.2.1 Cylindrical Electrodes 

Two cylindrical electrodes with a weight of 2.27 kg ± 2.5% (5 pounds ± 2.5%) and a diameter of 
63.5 mm ± 5% (2.5 inches ± 5%) having a contact of electrically conductive material with a Shore-
A (IRHD) durometer hardness between 50 and 70. The resistance between two electrodes should 
be less than 1.0 x 103 ohms when measured on a metallic surface. 
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