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Electrostatic Discharge Association (ESDA) standards and publications are designed to serve the
CAUTION public interest by eliminating misunderstandings between manufacturers and purchasers, facilitating
NOTICE 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-
DISCLAIMER OF IS,” AND ESDA MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESSED OR
WARRANTIES 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
DISCLAIMER OF AT THE TIME THEY ARE APPROVED FOR PUBLICATION. THEY ARE NOT A
GUARANTY 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,
LIMITATION ON EMPLOYEES OR OTHER REPRESENTATIVES WILL BE LIABLE FOR DAMAGES
ESDA’s LIABILITY 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 David Kirk, Vice Chair Arnold Steinman
LG Display Hologic Incorporated Electronics Workshop
Byung Su Seol Terry Welsher, TAS Rep Younchul Oh
Samsung Electronics Dangelmayer Associates 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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2.1.2 ESD Safe Material Analysis

The ESD event is related to static charge. The best ESD protection solution is to minimize the
charge generation during the contact and separation process. The purpose of this section is to
study parameters of electrostatic charge in the separation process from a vacuum chuck with lift
pins. Lift pins are the means used to lower and raise the glass substrate from the vacuum chuck
before and after the manufacturing process that is carried out on the chuck. They are an array of
pins that protrude from or can be withdrawn into the vacuum chuck. Failure analysis of ESD
damage was conducted to find a solution to charges caused by the separation of materials in
contact. The influence of lift pin materials, which are closely related to ESD events, was analyzed.
Effective ways to minimize electrostatic charge generation during the separation process were
investigated involving aspects of surface characteristics of stages and the lifting process conditions.

Severe yield loss was caused by ESD defects on 8th generation glass (refer to Annex A). Figure 1
shows the failure defect location on the glass substrate. These defects were at or near the lift pin
locations which are the blue dots in the Figure 1. The numbers indicate the X, Y coordinates of the
pins. There are 18 sub-panels on 8th generation glass substrate indicated by Al through F3.

4 505, 2010 4 995, 2010 + 1505, 2010 + 1995, 2010
4 505, 1750 4 995, 1750 #1505, 1750 4 1995, 1750
| # 505, 1390° | + 995, 1490 +/1505, 1290 #1995, 1490
+ 505, 1230 4 995, 1230 #1505, 1230 1995, 1230
+ 505, 970 + 995, 970 + 1505, 970 + 1995, 970
4505, 710 | + 995, 710 #1505, 710 + 1995, 710
+ 505, 450 + 995, 450 + 1505, 450 + 1995, 450
4 505, 190 + 995, 190 #1505, 190 + 1995, 190

Figure 1: Failures Correlate with the Lift Pin Locations on Process Stage for 8" Generation Glass
Substrate

In order to investigate the root cause of this failure, the failure locations were analyzed. The bottom
gate metal is electrically and physically shorted due to the breakdown of the insulating layer
between upper and lower metal layers at the location shown Figure 2(a) and (b). The focused ion
beam (FIB) cross-sectional view in Figure 2(c) of the defect clearly shows the metal burnt and
breakdown of the insulating layer between the bottom metal and the upper metal. All the inspected
failure samples had the same problems at or very near the location of the lift pins which directly
contact the glass.
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(a) ESD damage observed by Microscope
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(b) ESD damage observed by SEM

S/ID
Active

Gate Insulator/

Gate ,/

(c) ESD damage observed by FIB
Figure 2: TFT LCD ESD Damage Features

Table 1 shows the properties of the lift pins. ESD damage on TFT glass occurred frequently when
using dissipative lift pins but no ESD damage was observed when using insulative lift pins.

Table 1. Lift Pin Resistance Measured Values Related to ESD Damage

Materials Insulator Dissipative
Surface Resistance 1.0 x 10** ohms 6.0 x 108- 1.2 x 10° ohms
ESD Event Not Seen Often
Materials Silicon Vespel
R°°k&‘:'T:AE;238;°)'"ess 20~30sh 12sh
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To investigate a correlation between the ESD failure and resistance of lift pins, the “canary” pattern
developed by DuPont Photomasks, which is vulnerable to ESD breakdown, was used as a test
sample. Figure 3 shows the test glass and lift pin. The Molybdenum canary patterns were fabricated
on the 5th generation glass substrate (see Annex A). The air gap was either 3 yum or 10 um and
the glass thickness was 0.7 mm. For comparison of the frequency of the ESD events, the range of
pin resistance is shown in Table 2.

Figure 4 shows the ESD event test system. In an actual process, the charge generation mainly
occurs at the backside of the glass. To reproduce this, an upper glass with a metal layer overlapped
the canary pattern glass so that the induced voltage at the canary pattern was applied
symmetrically. A high voltage power supply (205B, Bertan, Inc.) was used for induction charging of
the metal layer of the canary pattern. The lift pin approached the backside of the glass and then
finally contacted it. The charging voltage was varied from 1 kilovolt to 5 kilovolts in steps of
0.5 kilovolt. Twenty repetitive tests were conducted in each case. Finally, the gap spacing of the
canary pattern was observed using an optical microscope to determine whether it was damaged.

mMetal (Molybdenum) l

— Lift-pin cap
Air Gap (10mm) t
Glass Thickness Grounded
1 Metal
(a) b}

Figure 3: Schematic of Test (a) Glass and (b) Lift Pin

Table 2. Lift Pin Resistance Ranges for Different Material Types

Resistance
102 104 108 1010 101
Q)
PEEK Vespel
Material SUS Metal Containing Containing Vespel PEEK
Carbon Carbon
Metal |
Upper glass
PN 000002 I —
Canary patterned glass
1 1
1 -
1
N
N
[N
La
Figure 4: Test Setup for ESD Damage Occurrence During Lift Pin Contact
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Figure 5(a) shows the probability of ESD damage with different resistances of lift pins. The
probability of ESD occurrence increased with increasing induced electrostatic charge on the sample.
The induced charge on the Canary metal layer becomes imbalanced by the lift pin contacting the
backside of the glass. The result is a voltage differential between an island and the guard ring of
the Canary pattern, resulting in a pattern breakdown. The test results show that the number of ESD
occurrences is drastically reduced when using 101! ohms or greater for the resistance of the contact
pin. Therefore, using materials whose resistance is greater than 101! ohms is desirable to prevent
ESD events by lift pins. Figure 5(b) shows minimum applied voltages needed to induce ESD
damage on the test sample with different resistances of lift pins. The minimum applied voltage to
induce ESD breakdown gets higher when using lift pins of higher resistance. Not unexpected, the
results show that minimum voltage to damage samples gets higher as air gap gets wider. Therefore,
designing wider metal spacing in the overall layout is also desirable to minimize ESD failures.
Figure 5(c) shows a breakdown image of the tested sample. Damage in the gap spacing can be
easily observed.
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