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Abstract

This webinar explores the technologies used in visual displays 
for modern electronic applications. 

o LCD display constituents such as advanced glass 
substrates, human machine interfaces (HMI) like touch 
recognition and illumination improvements will be some of 
the topics of discussion. 

o While quality has historically been the dominant factor for 
reliability, environmental response and the displayõs use at 
the system level may impact lifetime and user experience
outweighing quality control. 

These factors need to be considered to select a robust and 
reliable display.
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Mr. Wyrwas is a Senior Member of Technical Staff at 

DfR Solutions.  He leads DfR Solutionsõ research on 

integrated circuit wearout and has presented on 

semiconductor failure mechanisms, silicon-based integrated

circuit reliability and failure analysis techniques to numerous

companies, organizations and at high reliability, space and

aerospace related conferences.  

His research includes characterizing transistor failure behavior over a range of 

technology nodes and IP blocks supporting both aerospace and military research 

programs with over 50 publications.  His specialties include computer-based stress 

testing of electronic systems, failure analysis, innovative design and cybersecurity. 

Ed participates in standards working groups for AEC, SAE, ISO and IPC.
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o Liquid crystal

o Substrates

o LCD Drivers

o Human-Machine Interfaces

o Illumination

o Manufacturing

o Environmental Impact

o Failure Signatures & Failure Analysis

Agenda
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o The first documented example of a 
liquid crystal was reported by the 
Austrian Frederick Reinitzer in 1888 

o Reinitzer was studying the properties 
of a cholesterol derivative, cholesteryl 
benzoate, and noticed that it behaved 
strangely as it melted

o The white solid first formed a cloudy 
white liquid phase at 145°C, which 
transformed into a clear liquid at 
179°C .

o The transitions were completely 
reversible: cooling molten cholesteryl 
benzoate below 179°C caused the 
clear liquid to revert to a milky one, 
which then crystallized at the melting 
point of 145°C.

Basis for All LCDs ðLiquid Crystal

Apply Heat

Opaque

Translucent

Opaque
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o Liquid crystal is a substance made 
of complicated molecules

o Like water, liquid crystals are solid 
at low temperaturesand melt when 
you heat them. 

o When ice melts, it changes into a 
clear liquid. Liquid crystals, however, 
change into a cloudy liquid. 

o At slightly higher temperatures, the cloudiness disappears, and they 
look much like any other liquid. 

o Phases

o When the liquid crystal is a solid, its molecules are lined up parallel to 
one another 

o In the intermediate cloudy phase (liquid), the molecules still retain this 
more or less parallel orientation

o Higher temperatures tend to agitate the molecules and thus make the 
liquid clear
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o In an LCD, an electric current is used to switch segments of 
liquid crystals from a transparent phase to a cloudy phase, 
each segment forming part of a number or letter. 

o The segments can also be in the shape of tiny dots or pixels, 
and the can be arranged in rows and columns. 

o They are turned on and off individually to either block or allow 
polarized light to pass through. When the light is blocked, a 
dark spot is created on the reflecting screen. 



©2016  DfR Solutions   9000 Virginia Manor Rd Ste290, Beltsville MD 20705 | 301-474-0607 | www.dfrsolutions.com7

o Nematic phase

o Have no positional order, but has orientational 

order

o The mesogens (liquid crystal molecules) all point in 

the same direction but have not defined layers

o Averaging molecular orientations gives a definite 

preferred direction (called the director)

o Smectic phases 

o Have orientational order, and some degree of 

positional order

o Are distinguished by the presence of layers 

perpendicular to the director

Crystal Types
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o Because of their anisotropic structures, 
liquid crystals exhibit unusual optical 
and electrical properties. 

o The intermolecular forces are rather 
weak and can be perturbed by an 
applied electric field. 

o Because the molecules are polar, they 
interact with an electric field, which 
causes them to change their orientation 
slightly. 

o Nematic liquid crystals, for example, 
tend to be relatively translucent, but 
many of them become opaque when an 
electric field is applied and the 
molecular orientation changes.

Image: http://chemwiki.ucdavis.edu
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o Advantages

o The most common technology and also the oldest

o Provides the shortest response times

o In combination with LED back-lighting, TN monitors 
also offer high brightness and draw less power 
than competing technologies 

o Cheap to manufacture, resulting in low prices for 
end users

o Disadvantages

o Color shifts that occur at wider viewing angles

o There are large differences in quality between 
different products, but the lower-end ones will 
exhibit color shift even at moderate angle 
changes

o A TN-based display can usually be identified 
through these color distortions when viewing the 
picture from above or from the sides

Twisted Nematic

http://www.dragonlcd.com/
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o Advantages 

o the technology offernoticeablybetter color 
reproduction as well as much better viewing 
angles.

o Response times have crept down 
considerably and the contrast is much better

o color display and the options to calibrate 
the colors are superior to the other panel 
types

o keep colors constant, even in sharp angles.

o Disadvantages 

o Some difficulty to emphasize blacks, which 
means problems with the contrast

In-plane Switching (IPS)

https://i.ytimg.com/vi/b34UrVxFvSA/maxresdefault.jpg
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o Advantages

o Combines the advantages of both TN and IPS

o Multi-domain Vertical Alignment (MVA) panels 
offer good viewing angles and generally 
better blacks and contrast than either TN or 
IPS panels. 

o Disadvantages

o Their response times look good on paper, but 
unfortunately not in the real world

o Even if the response time for white to black is 
low, it is often considerably higher between 
two dark tones, leading to Ghosting effects

o Another weakness is the color reproduction, 
which in itself is better than TN but not as 
good as IPS

Vertical Alignment (VA)
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o There are two general types of LCDs: 

o Passive matrix (PMLCDs) 

o newer Active matrix (AMLCDs)

o Passive Matrix

o Cross bar electrodes drive each pixel

o First types of LCDs

o Have contrast issues

o Active Matrix

o Use transistors and a capacitor behind each pixel to boost the image

o The manufacturing process for AMLCDs, however, is much trickier than that for passive 
matrix LCDs

o As many as 50 percent of those made must now be thrown out because of 
imperfections. 

o One imperfection is enough to ruin an AMLCD. This makes them very expensive to 
manufacture. 

o Brighter and easier to read

LCD Types
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o In all LCDs, the liquid crystal is sandwiched between two pieces 
of glass or transparent plastic called substrates. 

o Just any glass will not do

o If the glass has many sodium or other alkali ions, they can move to 
the glass surface, combine with any moisture that is there, and 
alter the electric field pattern and liquid crystal alignment

o To eliminate that, LCD makers either use borosilicate glass, which 
has few ions, or they apply a layer of silicon dioxide to the glass. 
The silicon dioxide prevents the ions from touching any moisture. 

o "If you have a 1-millimeter sheet of plastic, it will take an 
oxygen ion [from moisture] a few hours to get through it. 
Moisture is terrible for electronics. If you have a 1-millimeter 
piece of glass, it will take 30 billion years.ó ðCorning Glass

Substrates
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o 4-players make up 94% of the market

o Samsung Corning Precision Materials

o Asahi Glass

o Nippon Electric Glass 

o Corning

o Proprietary fusion processes to make large 
flawless pieces of glass with full automation

o Most display glass is an alumina silicate 
formulation, which is made up of aluminum, 
silicon, and oxygen. The glass also contains 
sodium ions spread throughout the material.

o Gorilla glass has potassium ions rather than 
sodium ions (larger ions, creating compression 
within the glass)

Glass Making

http://www.technavio.com/report/large-area-lcd-display-market

https://www.corning.com/asean/en/products/display-glass/how-it-works.html

http://www.technavio.com/report/large-area-lcd-display-market
https://www.corning.com/asean/en/products/display-glass/how-it-works.html
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o Thin strong heat resistant substrates prevent bulging of the 

sandwiched substrates during assembly 

o The strength also helps coplanarity for when things are 

bonded to it

Glass Sandwiches

Heat & Pressure Accidental Bulge
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1. Glass substrates

2. Horizontal polarizer

3. Vertical polarizer

4. RGB color filter

5. Horizontal control lines

6. Vertical control lines

7. Polymer layers

8. Spacers

9. Thin Film Transistors (TFT)

10. Front Electrode

11. Rear electrode

Z

Z

Controller 

Ledge

Glass Plates

Z-Z Cross

Section
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o The LCDõs electrodes are powered and controlled by a 

driver circuit

o The general rule of thumb is to reduce the number of 

interconnects to increase the LCD moduleõs reliability

Driver Circuitry
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Chip on Board

(bond wires)

https://www.crystalfontz.com

Chip on Glass

(underside)

Chip on Flex

(flip chip with ACA)
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Seen on smaller displays
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Seen on larger displays
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o Chip on Glass complexity

o Anisotropic Conductive Film (ACF) is used because there are 
many more terminals, the terminal pitch is fine and high 
precision junction is required

o ACFõs connection resistance is low and excels in heat resistance 
and connection reliability 
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o Hot Bar 

o Anisotropic Conductive Adhesive (ACA) is an epoxy system used 
to make electrical connections between drive electronics and 
substrates such as chip on glass (COG) and flex on glass (FOG)

o Can be used for direct metal-metal bonds

Assembly Techniques

What takes place in this sandwiched interface is 

depicted on the next slide


