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Abstract

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

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

o While quality has historically been the dominant factor fol
reliability, environmentaésponsea nd t he di s |
the system level may impact lifetime and es@erience
outweighing quality control.

These factors need to be considered to select a robust and
reliable display.
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Speaker Bio:

Mr. Wyrwas is a Senior Member of Technical Staff at
DIRSol uti ons. H ereskaechahs Df
Integrated circuit wearoand has presented on
semiconductdailure mechanisms, silidmasedintegrated
circuitreliability and failure analysis techniguesitonerous
companiesorganizations and at high reliability, spaaed
aerospaceelated conferences.

Hisresearch includes characterizing transistor failure behavior over a range of
technology nodes and IP blocks supporting both aerospace and military researc
programs with over 50 publications. His specialties include cotipasieer stress
testing of electronic systems, failure analysis, innovative design and cybersecur

Edparticipates in standards working groups for ARRE ISO and IPC
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Agenda

o Liquid crystal

o Substrates

o LCD Drivers

o HumarMachine Interfaces

o lllumination

o Manufacturing

o Environmental Impact

o Failure Signatures & Failure Analysis
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Basis for All LCB&iquid Crystal

o The first documented example of a Opaque

liquid crystal was reported by the
Austrian Frederick Reinitzed B88

o Reinitzewas studying the properties
of a cholesterol derivative, cholestery
benzoate, and noticed that it behaved
strangely as itmelted

o Thewhite solid first formed a cloudy
white liquid phase at 14%_, which
transformednto a clear liquid at
179°C.

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

Apply Heat

Translucent
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o

o

Liquid crystal ia substance made
of complicatednolecules

o

Likewater, liquid crystals are solid
at low temperaturesind melt when
you heat them.

Whenice melts, it changes into a »
clearliquid. quwdcrystals nhowever,  crystaline Liquid Isotropic
changento a cloudyliquid. Sofid . S

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

Phases

o

Whenthe liquid crystal is a solid, its molecules are lined up parallel to
oneanother

Inthe intermediate cloudy phase (liquid), the molecules still retain this
more or less paralla@rientation

Highertemperatures tend to agitate the molecules and thus make the

liquid clear
DR Solutionso
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o Inan LCD, an electric current is used to switch segments of
liguid crystals from a transparent phase to a cloudy phase,
each segment forming part of a number or letter.

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

o Theyare 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.
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Crystal Types

o Nematic phase

o Haveno positional order, but has orientational
order

o Themesogenfiquid crystal molecules) pbint in
the samalirection but have not defined layers

o Averagingmolecular orientations gives a definite
preferred direction (called the director)

o Smectic phases

o Haveorientational order, and some degree of
positionalorder

o Aredistinguished by the presence of layers
perpendicular to théirector
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Voltage OFF: Voltage ON:

o Because of their anisotropic structures seeenbright —— ST

liquid crystals exhibit unusual optical light

and electrical properties. = Polarizing — =y

o Theintermolecular forces are rather | ,_:t:,;pa,em U |
weak and can be perturbed by an “e== electrode 1
applied electric field. T lquia— Ll

o Becaus¢he molecules are polar, they T || mm
interact with an electric field, which R - Transparent —ig
causes them to change their orientatior i
slightly. flter

o Nematidiquid crystals, for example,
tend to be relatively translucent, but
many of them become opaque when ¢ |
electric field is applied and the ! OmrOme

i i W (N CmC]

molecular orientation changes. - m
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Twisted Nematic

o Advantages
o Themost common technology and alsmthest
o Provideghe shortest responsmes

o Incombination with LED bdating, TN monitc
also offer high brightness and draw less powe
than competingechnologies

o Cheapto manufacture, resulting in low prices 3
endusers

o Disadvantages
o Colorshifts that occur at wider viewiaggles

o Thereare large differences in quality between
different products, but the lowend ones will
exhibit color shift even at moderate angle
changes

o A TNbased display can usually be identified
through these color distortions when viewing the
picture from above or from tredes *
http://www.dragonlcd.com/ DfR SO]llthIlSo
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In-plane Switching (IPS)

\\

!

Liquid Crystals

o Advantages

o thetechnology offenoticeablybetter color
reproduction as well as much better viewir
angles.

o Response times have crept down
considerably and the contrast is mibetier

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

types

i

S

,' &

OFF

o keep colors constant, even in sharp angles — s el
=
o Disadvantages E ooy

o Some difficultyo emphasize blacks, which
meangproblems with the contrast

4
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Vertical Alignment (VA)

Advantages

o

o

Disadvantages

o

Combineshe advantages of both TN anB@S

Multtdomain Vertical Alignme@VA)panels
offer good viewing angles and generally domain a domain b

better blacks and contrast than either TN-e&
IPS panels. T‘\ \ ’ ’—’7/

Theiresponse timdeokgood on paper, but
unfortunately not in the real world

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

Anothemweakness is the color reproduction,
which in itself is better than TN but not as
good asIPS

DfR Solutions
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LCD Types

o Thereare two general types of LCDs:
o Passive matrix (PMLCDSs)
o newer Activenatrix (AMLCDs

o Passive Matrix
o Cross bar electrodes drive each pixel
o First types of LCDs
o Have contrast issues

o Active Matrix
o Usetransistorand a capacitor behinéach pixel to boost thenage
o Themanufacturing process for AMLCDs, however, is much trickier than that for pas

matrix LCDs

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

o Oneimperfection is enough to ruin an AMLCD. This makes them very expensivi
manufacture.

o Brighter and easier to read
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Substrates

o In all LCDs, the liquid crystal is sandwiched between two piec
of glass or transparent plastic callsedbstrates.

o Justany glass will natlo

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

o Toeliminate that, LCD makers either use borosilicate glass, whic
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 "lf you have a Imillimeter sheet of plastic, it will take an
oxygen ionfrom moisturea few hours to get through it.
Moisture is terrible for electronics. If you haveraillimeter
piece of glass, it will take 30 billion e a B Gorning Glass
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Glass Making

o 4-players make up 94% of the market
o Samsung@orning Precisidviaterials
o Asahi Glass
o NipponElectric Glass
o Corning

i High-purity molten glass

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

o Most display glass is an alumina silicate -
formulation, which is made up of aluminum, EEEEEEEEEE
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 compressic
within the glass)

http://www.technavio.com/report/large-area-lcd-display-market .
https://www.corning.com/asean/en/products/display-glass/how-it-works.html DfR S{)lutlons
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http://www.technavio.com/report/large-area-lcd-display-market
https://www.corning.com/asean/en/products/display-glass/how-it-works.html

Glass Sandwiches

o Thin strong heat resistant substrates prevent bulging of t
sandwiched substrates during assembly

Glass substrates ~ Spacer

\ Sealant Heat & Pressure Accidental Bulge
\ bbb
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o The strength also helps coplanarity for when things are
bonded to it
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Controller
Ledge

L Glass Plates

Z-Z Cross
Section
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=
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Glass substrates
Horizontal polarizer
Vertical polarizer

RGB color filter
Horizontal control lines
Vertical control lines
Polymer layers
Spacers

Thin Film Transistors (TFT)
Front Electrode

Rear electrode
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Driver Circuitry

o The LCDOs el ectrodes ar e
driver circuit

o The general rule of thumb is to reduce the number of
l nterconnects to I ncreas

a. COG LCD module b. SMD display
[ (5) -
chip (@) (— E
COG module | |
LCD
@ [ . —
\
only one connection 4 Pce
In COG modules, only one connection from driver to display In SMD displays, five connections are needed:
is needed. (1) and (2) wire bond from chip to lead frame,
(3) solder connection to PCB,

{4) and (5) connection from the PCB to the LCD.
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Chip on Board
(bond W|res) e

Chlp on Flex
| (flip chip with ACA)
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Chip on Glass

(underside)
https://www.crystalfontz.com DfR SO]llﬁOIlS O
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(1) COG (Chip on Glass)
(2) COF (Chip on Film)

Driver IC — ACF for FPC ~ COF
' FPC(for wiring)

ACF for COG | ; | /
\ Y & LCD / _

“_ ACF for COF

Seen on smaller displays
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Driver IC
ACF for COG

Driver IC
TAB(COF)
ACF for Input \ ,_AACF for Output
_ PWB LCDI Y

Seen on larger displays
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o Chip on Glass complexity

OTP - DACs - EANDGAF REFERENCE
TEMPERATURE SENSOR  powER SUPPLY - ANALOG and DIGITAL CHARGE PUMP

DIGITAL CORE INTERFACES

ROW DRINERS COLUMN DRIVERS
Fig. 4.29 Layout of the STE2028 L.CD driver

ROW DRIVERS

o Anisotropi€Conductivé-ilm (ACF) is used because tlaeee
many morderminals, the termingitchis fine and high
precision junctionnsquired

o A C Fconsection resistance is lnwd excelsn heat resistance
and connectioreliability
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Assembly Techniques

o Hot Bar

o AnisotropicConductivédhesive (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 metatetal bonds

/V
What takes place in this sandwiched interface is
depicted on the next slide DfR Solutions
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