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World of 1967:
Color TV gaining market share

Model CT608C
Genuine Walnut Veneer Cabinet
Private Listening Earphone included. Cabinet
superbly fashio

e s ot 1967 Motorola (USA)

Walnut finish. 18%" high, 27%" wide, 164" deep."
TVhistory. TV

Consolette Model CU622C
Contemporary Styling |
Cabinet of Genuine Walnut Vaneers and Walnut Solids.
with Oil Walnut finish. 29" high, 29" wide, 17%" deep.

Big pistie. super compadCeabi

(se front pages for complets faature explanation]

Model CT607C
Private Listening Earphone Included

Durable Metal cabinet covered with attractive scuff- Modal CTE06C

resistant Vinyl with Walnut grain finish or ang-nv Private Listening Earphone Included

grain finish. 17" high, 26%" wide, 20" deej Durable Metal cabinet in attractive Metallic Consolette Model CS615C

(Depth includes tube cap.) Brown color. 17%” high, 25%” wide, 20" deep. Buitt-in Swivel Base
(Depth includes tube cap.) This model Contomporary cabinet of Select Hardwood Veneers
also available with Golden Satellite Remote and Solids with an applied Walnut grain finish.or

Control Tuning as Model RT606C at extra cost. lied Muhoglny ‘grain finish. 30" high

an aj
27%" wide, 17" dee|

Consolette Model CU612C
Italian Provincial Styling
Cabinet of Select Hardwood Veneers and Solids
an applied Mediterranean Mlhoglnv grain finish,
29%" high, 28%" wide, 17%" deep.”

TVhistory. TV

Consolette Model CUB13C Consolette Model CUB11C |
French Provincial Styling Early American Styling -
Y. “ o Ul
Cabinet of Select Hardwood Vaneers and Solids with Cabinet of Select Hardwood Veneers and Solids with g""“’""‘ M;"I" CUe10C ==
an applied French Provincial Fruitwood grain finish. an applied Midwest Maple grain finish. 31%" high, ‘ontemporary Styling Model CTB05C e ©
29% high, 28%” wide, 17%" deap.* 28%" wide, 174" deep.” Cabinet of Select Hardwood Vansers and Solids with
W T, Solid State UHF T Gold an applied Walnut grain finish or an applied Dullih|'67xﬂlrl'l C:b{;e; in aldullczlga M.ml”.: Brown
Al ol hav 8 s sl chasi,sciionaaied withadar hand  nisor Uaht,Custr: Mol P une, Sold Stats UNF Tuner Golden D g o Za wide, D e Ak vkt
s ehedt sanmet o selabiiy. Auiomatie O i Cragol Indaon Vot Tomn Cones Pl 9 . .
ket Moo gl Ao o2 543":?“2‘?"?;& Gsort Comot 3 IF Ampiying Systom. *Add 3K~ 10 e 175" dee (Depth Includes tube cap.)
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Today’s LCD success
was a black swan*in 1967

*a high impact event that is extremely difficult to predict
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http://lucaatalla.files.wordpress.com/2009

Kahn International ™



First Commercial LCDs =1971

Current driven
Scattering mode
0.75” high

/-segment numeric

Product of
RCA Solid State Division

Courtesy of Dr. Sun Lu, Landmark Technologies
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Vertically aligned nematic (VAN) LCD
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Conoscopic view
(converging light)

F. J. Kahn, Appl. Phys. Lett. 20, 199-201 (1972) @66
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VAN LCD photos - 1971*
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*FJ. Kahn, IEEE Device Research Conference, Ann Arbor, June 30, 1971;
US Patent 3,694,053, filed June 22, 1971
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Coupling agents align liquid crystals

F. J. Kahn, Appl. Phys. Lett. 22, 386-389 (1973)
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Laser (thermal) Smectic LC Light Valve Projector
12.25 Mpixel (1973)
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The dark gray LCD swan




High reliability calculator display prototype
(1974)

:;5543313

Demonstrated to William Hewlett and David Packard, May 1974
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Precision alignment control for calculator LCDs
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culators used LEDs

The first HP cal

NI,
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The first HP LCD calculator (1979)

“The alpha-numeric LCD screen of the HP-41C
revolutionized the way a calculator could be used.”

(Wikipedia)
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HP12c Financial Calculator (1981- )

“the oldest consumer electronic device still in production” and
"still HP’s best selling calculator” (Hewlett-Packard, Jan. 2004)

http://articles.chicagotribune.com/2004-01-10/business/0401100187_1 calculator-best-selling-device
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HP12c Financial Calculator (1981- )
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Still selling today, 35 yrs after introduction,

42 years after tech demo to Hewlett & Packard.
Amazon $63.85, March 2016)

INIC,
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On the future of LCDs (1985)

Advances “will occur sooner, with higher performance,
and at lower cost, than most of us expect today.” (F.J. Kahn)

THE PUTURE OF LIQUID CRYSTAL DEVICES

0 LARGER AREA
© HIGHER RESOLUTION
o PULL COLOR

o BIGHER SPEED

IVERS 4 PTICAL .
IPIED APPLICATIONS SUCH AS DISPLAY, PRINTING, O :
2 mu~:ﬁ&8881m.0ﬂlm STORAGE, AND OPTICAL COMMUNICATIONS

© WILL OCCUR SOONER, WITH HIGHER PERFORMANCE, AND AT LOWER COST, ﬂll
MOST OF US EXPECT TODAY -

5
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Greyhawk Softplot (1986)
407D, 7.5 Mpixels

Display of the Year, Electronic Products Magazine, 1986
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Greyhawk Large Area Display (1988)
144 inch D, 37.5 Mpixels
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Close-up view
of “print-quality” image detail
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lIford/Greyhawk Digital Photolmager
for short-run color printing

Prints up to 200 full-color 35 mm slides,
overhead transparencies or 8.5x11”
prints per hour.

——35 mm slide example
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| DuPont/Greyhawk SeriFLASH
rinted circuit board exposure system

DU PONT SERIFLASH
© DEVELOPED AND MANUFACTURED BY GREYHAWK

O ARTWORKLESS PHOTO RESIST EXPOSURE SYSTEM FOR
MHIGH THADUGHPUT PRINTED CIRCUIT BOARD MANUFACTURE

© USES TWO 4°X4" LASER THERMAL LIGHT VALVES AS

PHOTOMASKS TO PRINT AND WHITE SIMULTANEOUSLY

O PRINTS 004" MINIMUM FEATURES ON 24"%24" RESIST AREA
© 4 PCEBMINUTE THROUGHPUT
O LINE EOGE PRECISION «/- 10%

O AEGISTRATION +/- 001"
O PRINTS 10,000 X 10,000 FEATURES ON HIGH RES MEDIA

GREYFHAWK
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Two Earthquakes: October 1989

;

Transparent
Electrodes

Polarizing
Filter

Color Filter Panel == (5

Liguld Crystzl ...
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Loma Prieta quake TFT LCDs from Sharp
shakes California. shake and transform
display world.
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TFT LCDs - The Great Market Enabler

Ccllul;f’hﬁ-rm rf'rlof Zauu J L"D Desk-top PK

DSMLCD ,n-LCD

Mnuunx

'M Car navigation
dmt Watch Viewcam

Translator Word Proc

[5130‘5] (1052000
SID International Symposium, 26* May, 2010
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White LCD swan
continues to ascend
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HDTV comparison
(at constant pixel density)

) ~8K: 7680x4320
Potential future HDTVS 33 Mpixels

with Greyhawk “print-quality” definition
(>37 Mpixels, wall-size, 8K class)

NHK Japan:
4K broadcasting, June 2014
8K test broadcasting, 2016

2K: 1920x1080 widespread, 2020 Tokyo Olympics

Today’s HDTVs
(2 Mpixels)
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BOE (China) UHD 10K 82in LCD
Best of show — Display Week 2015

The World's First and Largest 10K UHD Display |

with the Highest Resolution — 82" 10K 10K |

Information Display




AMLCD vs. AMOLED Structures

S. Kim, Samsung, SID 2010
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Samsung’s AMOLED-TV Vision

Targets mainstream technology for “Premium TVs”
In Gen 8 production facility by 2015

Gen 8 for AMOLED TVs is
becoming possible
and on the horizon!

S. Kim, Samsung, SID 2010
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World wide TV market View 2010 (units)

S. Kim, Samsung, SID 2010




China RiISINQ

Large Area TFT LCD/OLED Shipment Shares by panel

Special Display Presentation to Air Products /March 2016 @

How Fast?

Large Area TFT LCD/OLED Shipment Shares by panel

makers, unit base

hipment Share vear | |

upplier
AUO 16.2% 15.2% 14.6%
BOE 8.4% 12.0% 15.7%
CEC-Panda 1.7% 1.7% 1.6%
China Star 3.4% 3.7% 4.4%
CPT 0.8% 1.1% 1.0%
HannStar 0.4% 0.6% 1.0%
Hydis 0.0%
InfoVision 1.7% 1.9% 1.9%
Innolux Corp. 19.3% 17.7% 16.3%
Japan Display 0.2% 0.2% 0.2%
LG Display 23.7% 23.4% 22.1%
Mitsubishi 0.2% 0.1% 0.2%
NLT 0.1% 0.1% 0.1%
Panasonic LCD 1.0% 1.3% 1.1%
Samsung 19.8% 17.9% 17.6%
Sharp 2.9% 2.8% 2.1%
Tianma 0.2% 0.2% 0.2%
Total 100.0% 100.0% 100.0%

ShipmentShar vewr | [

Japan
China
Taiwan
Korea
Total

Source: IHS

makers, Area base

4.3% 46% ___ 3.6%
’——— -
154% ,»~ 19.5% 23.7%\
36.7%‘\ 34.6% 32.9% j
436% S~ 413%  397%7
100.0% 100.0% 100.0%

© 2015 IHS

Display AreaShare  fvear [ | |
AUO 14.7% 13.3% 12.1%
BOE 5.5% 9.3% 13.1%
CEC-Panda 1.3% 1.6% 1.7%
China Star 5.4% 6.1% 7.3%
CPT 0.1% 0.2% 0.1%
HannStar 0.1% 0.1% 0.2%
Hydis 0.0%
InfoVision 0.4% 0.3% 0.2%
Innolux Corp. 18.6% 16.3% 15.1%
Japan Display 0.0% 0.1% 0.0%
LG Display 24.5% 24.9% 23.3%
Mitsubishi 0.0% 0.0% 0.0%
NLT 0.0% 0.0% 0.0%
Panasonic LCD 1.0% 1.3% 1.0%
Samsung 22.5% 21.5% 21.9%
Sharp 5.8% 4.9% 3.9%
Tianma 0.1% 0.1% 0.1%
Total 100.0% 100.0% 100.0%
Display Areashare e | | |
Japan 6.8% —03% 5.0%
China LT 17.4% 22
Taiwan (\ 33.5% 29.9% 27.4% )
Korea SSG0%_ 465% ___ 4529
Total 100.0%  100.0%  100.0%
Source: IHS © 2015 IHS

Sri Peruvemba,, Marketer International
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Quantum Dot LCD TVs:
OLED performance, LCD prices

LCD TV with Quantum Dots
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Sri Peruvemba,, Marketer International
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2016 OLED Status: TVs struggle;
Small area OLEDs succeed

LGD OLED TVs introduced but continue to struggle

due to high price, low yields, low production volume.
LGD operates Gen 8 OLED production facility.

Others adding this capability
Panasonic’s impressive & pricey OLED TV uses LGD panels.

Major success: small area OLEDs for SmartPhones
(Samsung) and watches (Apple)

Apple 2017 next gen iPhone:
Samsung to supply flexible OLEDs says ETNews.
LGD, Sharp/Foxconn, Japan Display, others are
potential second sources.
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4K LCDs dominate beyond 2020!

4K Display Revenues (in US$% billions) with Year-over-Year Growth Rate
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Total LCD Market Dominance Continues

« WW display market

— 2015: $116B (Marketsandmarkets)
° MOStIy LCD TV paneIS (Research MOZ, Kahn Intl)

— 4K displays, Major growth 2015 to 2020 @hs)
« Mostly 4K LCD TV panels (~$32B 2020) (HS)

« WW OLED market (<< LCDs through 2022)
— 2015: $13B (LG/Hs)
— 2022: $29.1B (LcnHs)



Potential future improvements
to extend LCD dominance

Evolutionary

Higher production throughput
Lower cost backlight structures and LEDs

Lower cost materials, e.g., thinner glass, polarizers
Higher image quality, e.g., QD LCDs

Higher information content

Larger area, lower weight per unit area

Revolutionary

New faster LC effects
Elimination of color filters: >3X brighter

Flexible and/or rollable substrates
Smart and interactive panels

Full wall displays

Kahn International ™



Conclusions

The LCD Black Swan is now a soaring, ascending White Swan.
LCDs are the world’s most successful display industry.
Continuous improvement & high R&D expenditures

continue to protect LCD dominance.

OLEDs are the most likely potential competitor.

OLED TVs sales now limited by price, production and yield.

Major OLED markets: small area for SmartPhones, watches, autos.
Potential mainstream competition with LCDs in 2021 - 2025.

| have enjoyed surfing the liquid crystal wave for 49 years.
| thank the 1000s of people who have helped me stay afloat
and you for your attention this morning.
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