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Commercial Strength

Built on Scientific Bedrock
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Process Innovation

Industrial Revolution

Materials
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Improving Return on /
Process Innovation 4 ‘

Industrial Revolution

Raw \
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Products

Materials Revolution

Process Products
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Fast becoming the standard in displays from mobile to TV

Enabling thinner, more energy efficient displays

Still cannot match the color quality of Cathode Ray Tube
or OLED technology

Alternative wide-gamut technologies are too inefficient

and expensive i
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Nanosys Spectrum
Engineering Technology

Introducing QuantumRail™
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Quantum Dots

What is a Quantum Dot?

« An inorganic highly efficient phosphor
crystal grown through standard wet
chemical manufacturing processes.

 Governed by their size, QDs have the
unique capability to precisely generate a
specific wavelength of light.

* They produce pure saturated colors or can
be blended to a precisely defined white
point

At Nanosys, we call this:

Spectrum Engineering
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Quantum Confinempt_ZgZ~”

Small Quantum Dot
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Quantum Dot Synthesis

Temperature
sensor

> Heating

Mantle \



Presenter
Presentation Notes
The synthetic apparatus comprises a temperature probe regulating a heating mantle set to 300C . Inside the pot are a mixture of high-boiling-point coordinating solvents. The TOP/TOPO act as the solvent. The akylphosphonic acids and long chain amines act as coordinating ligands to mediate the crystal growth.

In the syringe we have molecular precursors of Se and Cd mixed at room temperature, and the entire system is under N2. Rapid injection of precursors into the pot induces a discrete nucleation to form small CdSe nanocrystallites, generating the initial yellow color. As the nanocrystals grow, their color changes from green, to yellow, to orange, to red. The color change corresponds physically to the growth of the nanocrystals from about 2 nm to about 6 nm in diameter, and the color you are seeing is the real-time evolution of the bandgap energy as a function of size due to the strong quantum confinement of the e-h pair within the volume of the nanocrystal. The size-dependent optical properties can be seen in the next slide.


Spectrum Engineering via Quantum Dot Size Control
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Presenter
Presentation Notes
The resulting absorption spectrum red-shifts with increasing size, and the resulting band-edge emission spectrum is narrow with a FWHM of 25-30 nm, with tunability across the visible spectrum from 525-650 nm.

In all cases, the core material has poor photoluminescence due to presence of surface defects, and must be overcoated with a second layer of another semiconductor material. Typically this material is ZnS, an alloy of ZnCdS, or CdS. The second shell is chosen such that its bandgap is much higher than that of the core and serves two purposes – surface passivation of trap states, and confinement of the exciton to the core so as to isolate it from the environment.

This reduces the non-radiative decay pathways and results in order of magnitude increases in QY from a few percent to near unity with a robust shell.


Back Lights for Flat Panel
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Backlights with RGB
ol

RGE LEDs

Agilent
= Color Controller
PWM Dutput i
Current Source S
FWM

Control Input Color

« RGGB used due to lower efficiency of green LEDs

 Real-time feedback needed to keep the correct white-point
due to color drifts mostly in green and red LEDs
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Dell UltraSharp U2410 24-inch
RGB LED

96% Adobe RGB Gamut,
$599
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Displays with RGB LEDs m
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White LEDs

Blue LED Chip + YAG Phosphor

Phosphorescence
Phosphor Blue
;’7 Bond wire lumines-
I——l \ cence
LED chip

Side-emitting
}Phosphm

Wl

"

4000

Top-emitting

ZDDEI

Intensity {counts)

1000

400 500 600 700
Wavelength {nm}

14 "’nanosysm ‘



Effect of Color Filters
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Color Gamut from White

LED Backlights
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Displays with RGB vs. ,
White LEDs M

Dell UltraSharp U2410 24-inch Dell P2411H 24-inch
RGB LED White LED
96% AdobeRGB Gamut, AdobeRGB Gamut,
$599

358 -
Source: dell.com L $ °,na nOSySm ‘



Color Gamuts for Desktop &

Desktop Monitors

Dell 2408BWFP
ASUS MK241H

HP w2408
Samsung 245T
Dell 2T07TWFP
Gateway FHD2400
LaCie 324

HP LP3065

Dell 3007WFP
Samsung 2493HM
Gateway FPD2485W
Dell 2405FPW

HP w2207

BenQ E2200HD
Dell 2407WFP
BenQ E2400HD
Acer AL2216W

Laptop Monitors

ASUS G2P

Acer 6920G

Dell XPS M1730
Gateway P-171XL FX
ASUS G50V

ASUS N10Jc
Gateway P-6831 FX
ASUS UsV

Sager NP9262
Alienware m15x
AVADirect FL-92
ASUS UZE

HP dv5t

Gateway P-7811 FX
Gateway M-152XL
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Green & Red Quantum
Dots in QuantumRails

Light Guide Panel (LGP)
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QuantumRail ™

LGP with
QuantumRail

QuantumRail |||||||||||||||||||||||||||||
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simple Integration /_~ZgZ”
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Full Spectrum Engineering

vSs. YAG

* Precisely controlled emission wavelength (peak wavelength within ==3nm)
* Primary colors (Green and Red) tunable for aligning spectra with display color filter spectra

2] Spectral Light Measurement System

Fle Instrument  Calibration Color  Data Festriched Aocess Help
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Dramatic Color Gamut
Improvement

- QuantumRail™
a7
S’Eate of the Art LCD
0.6 .
0.5
0.4
03
0.2
Color Gamut*
0 0 0
” With YAG 43.10% 57% 70%
*
; Color Gamut 64% 88% 103%
i with QD
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Resqlts Customer A | Customer B | Customer C
Provided by

*Note: based on NTSC 1953 standard and CIE 1931
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Thank You!
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Core/Shell Quantum Dots
High Quantum Efficiency > 85% &
Better Stability
Radial distance ‘ Q
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