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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 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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FOREWORD 
Flat panel displays (FPD) are used for computer monitors, cell phones, tablet PCs, televisions, and 
many other devices. As the FPD was developed and transferred to mass production manufacturing, 
there were no universally accepted factory ESD control guidelines or documentation. There are no 
ESD testing models that are applied specifically to FPD throughout the industry. As the first step, 
WG21 has decided to collect the recent studies and publications of the members of the WG into a 
technical report (TR). The goal of this TR is to provide examples of ESD field failures in FPD 
industry and to provide factory ESD control guidelines. A second document will address testing 
methodology. This document may apply to other flat panel substrate devices such as flat panel x-
ray detectors.  
This technical report was published on July 2, 2018 and was designated ESD TR21.0-01-18.  
At the time ESD TR21.0-01-18 was prepared, the 21.0 Flat Panel Display subcommittee had the 
following members: 

Joshua Yoo, Chair 
Core Insight 

Dong Sun Kim 
LG Display 

David Kirk, Vice Chair 
Hologic Incorporated 

Arnold Steinman 
Electronics Workshop 

Byung Su Seol 
Samsung Electronics 

Terry Welsher, TAS Rep 
Dangelmayer Associates 

Younchul Oh 
Samsung Display 
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ESD Association Technical Report for Challenges in Controlling ESD in the Manufacturing 
of Flat Panel Display 
 
1.0 INTRODUCTION 
ESD in the flat panel display (FPD) industry is an increasingly important issue, primarily due to FPD 
technology changes and the continuously increasing size of the bare glass substrates. Since the 
FPD industry began, there has been a need to control static charge levels in the factory. Each FPD 
manufacturer had a different ESD control strategy and deployed different ESD countermeasures. 
Unfortunately, there was no unified attempt to understand the true sensitivities of the FPD and the 
effectiveness of any ESD control techniques. This technical report will describe some of the more 
critical static charge related issues in FPD manufacturing. To describe static related issues for 
FPDs, the working group decided to compile recent publications of the members of the WG in one 
technical report (TR). The goal of the TR is to give the reader examples of static charge related 
issues within an FPD manufacturing environment. A future document will develop test methods for 
FPD devices. 
 
2.0 ESD ISSUES IN THE FPD MANUFACTURING ENVIRONMENT  
2.1 Direct Contact Process Fixture and Stage Material Analysis 
NOTE: This section is a reproduction of several paragraphs in [1] and [4].  
 
2.1.1 Introduction 

Thin film transistor liquid crystal displays (TFT) are widely used in FPD televisions, notebook PCs, 
various flat monitors, and portable electronic equipment such as mobile phones and tablet PCs. 
Since the TFT device is composed of a number of layers and most of the processes to integrate 
the layers involve movement, friction, and separation of glass substrate from various materials, 
electrostatic charges are inevitably created during the manufacturing process. The FPD are 
basically a glass substrate with a transparent metal coating for the electrodes of the display. This 
insulating glass material can generate a high level of electrostatic charge and maintain the charge 
for a relatively long time. ESD damage could result from this charge generation. ESD problems 
become even more critical as the glass substrate becomes thinner, which is the current trend. 
TFT manufacturing processes are very similar to silicon wafer semiconductor processes. The major 
difference for TFT manufacturing is that the substrate is not a silicon semiconductor, but a highly 
insulative glass plate. There is a different ESD failure mechanism on glass panels and this results 
in ESD becoming a major yield issue in TFT manufacturing processes compared to semiconductor 
processes which use conductive wafers. ESD defects are still only a minor issue with 
semiconductor wafers.  
During TFT fabrication processes, a variety of charge generation methods cause static charge 
problems. Static charge is generated by the friction from photoresist coatings applied to the glass 
surface and deionized water spray rinses used to clean the surface. Triboelectric charge generation 
occurs when transferring glass plates between processes on conveyor rollers. Another method of 
triboelectric charge generation is the pressure and separation of glass panels on a vacuum chuck 
or process stage. Most of FPD processes are done on process stages which look like a large 
worktable. Lift pins are used to lower the glass substrate on to process stage, and then to lift glass 
substrates before transfer to the next process. Generally, more than 40 contact and separation 
steps are needed to complete a panel. Whenever two surfaces in close contact are separated, one 
surface loses electrons and becomes positively charged, while the other surface gains electrons 
and becomes negatively charged. After separation, each surface retains its positive or negative 
charge, unless the surface is conductive and a path to ground is provided. With glass substrates 
grounding cannot be a solution. Air ionization is recognized as the most effective means of 
neutralizing static charge on the glass panel but it is not enough to completely control the static 
charge. 
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