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Thermal Management of LCD-TV

CMO, LCD-TV HD
Pai, Wei-Ming

paiwm@cmo.com.tw
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Agenda

Ø TFT-LCD
§ Polarization

§ Liquid Crystal

§ Backlight

Ø LCD-TV

Ø Thermal Issues
§ LCD Module

§ Backlight Unit

§ Optical Films & Reflector

§ Light Source
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Ø TFT-LCD
Polarizer

Polarizer

TFT

Color filter

Backlight

Liquid Crystal
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§ Polarization



Page 4Pai,W.M.

CMO Corporation

ny

nx

ny

nx

ny

nx

§ Liquid Crystal

yx nn =

yx nn >

yx nn >>



Page 5Pai,W.M.

CMO Corporation

TN mode
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Polarizer Polarizer

Liquid Crystal

E
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Liquid Crystal

Polarizer

Polarizer

Color filter

TFT

TFT-LCD
panel

Backlight



Page 9Pai,W.M.

CMO Corporation

Backlight

Very low
transmittance

TFT-LCD panel

Very high
luminance

§ Backlight
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Metal frame

Optical plate/films

Lamp holder

Light source

Reflector

Rear plate

Rubber cap

Inverter

Inverter cover
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Ø LCD-TV
1) High brightness

2) High resolution

3) High color saturation

4) High contrast ratio

5) Wide viewing angle

6) Large display area

7) Long life time

8) Fast response time

9) Multiple functions

Thermal management !!

More energy, more elements
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Ø Thermal Issues
§ LCD Module

Liquid Crystal

Liquefied

Heating
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Crush panel

§ Backlight Unit

Moist and cool ambiance

DryingHeating
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§ Optical Films & Reflector

• Unsymmetrical surfaces
• Residual stress
• Water absorption
• Thin-film structure

Waving
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Power

Visible Rays

Power

HgElectron Ar & Ne gas Ultraviolet Rays

§ Light Source
: Cold Cathode Fluorescent Lamp
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Hg visible
Ray 2.7%

Lamp Input Power 100%

UV Radiation
35.7%

Heat Loss 85.4% Visible 
Ray

14.6%

Positive Column 65.1%

Electrode Loss
34.9%

Heat Loss
26.7%
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Lamp wall temp. Vs Brightness
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Filling Gass : Ar+Ne
Ambient Temp. : 25 deg.
Operating Freq. : 55kHz
Lamp length : 425mm

TV application
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Conduction?? Radiation?? Convection??

Rubber cap
O-ring Al rear plate

Inverter
• Light efficiency

• Thermal distribution

• Mercury migration

• Reliability

Panel

Lead wire
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§ Light Source
: External Electrode Fluorescent Lamp

∼∼

Electrode (Al tape) Electrode (Al tape)

EEFL

Inverter

High temperature

(electrode > 180°C)

yields pin-hole.
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§ Light Source
: Flat Fluorescent Lamp

e-

UV Radiation 147/172 nm

Top glass

+
++ h·ν

Xenon gas

Glass

Light

+

Anode

Phosphor

Barrier layerCathode

Xe XeXe*
2

Xe e-Xe + Xe*
2

Due to bad efficiency, thermal management of FFL is much more 
critical than CCFL/EEFL.
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EC

EV

EG

valence electron

photon

excitation

recombination

EC: energy at conduction band

EV: energy at valence band

collision

10-8 s

electrons
holes

§ Light Source
: Light-Emitting Diode
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p-type semicon. n-type semicon.

p-electrode n-electrode

Ø Direct band-gap semiconductor: GaN, ZnSe…

Ø Indirect band-gap semiconductor : SiC…

p-type layer

n-type layer

substrate
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Benefits of LED backlighting

1) Long life (100k hrs.)

2) Vivid saturated colors

3) Solid-state devices

4) Dynamic color control

5) Mercury-free

6) No UV or heat in the light beam

7) Cold and quick start capable

8) Low-voltage DC operation

Concerns about LED backlighting

• Heat generation

• Color uniformity

• Distinct RGB decaying rate

• Power consumption

• High cost
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p-type layer

n-type layer

substrate

p-electrode

n-electrode active layer

1. Internal Quantum
Efficiency, ηinternal

2. Extraction
efficiency, ηextraction

Since external quantum efficiency (＝ηinternal×ηextraction) is poor, a 
lot of heat is generated.

Refractive index of GaN ~2.5

à Critical angle ~24°
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CubicHexagonalHexagonalStructure

3.59

5.431

SiC

7.5

4.758

Sapphire

5.59

3.189

GaN

Thermal expansion 
coefficient (10-6/K)

Lattice constant (Å )

Material

substrate
Lattice mismatch

TEC mismatch

GaN

InGaN

GaN

InGaN

GaN

Lattice mismatch
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Temperature (°C)

Light output
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LED chip

Gold wire

Encapsulation material

Lead frame

Housing

Material mismatch
LED package



Page 31Pai,W.M.

CMO Corporation

LED chip

Si-Submount

Flip-Chip
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LED chip

Thin-GaN

substrate

p-type layer

n-type layer

Laser lift-off

)g(N
2
1GaGaN 2+→ ∆

Thermal decomposition

n-type layer

p-type layer

Si-Submount
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LED package

Gold Wire Bond

Reflector Cup Epoxy Encapsulation
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LED package

Silicone Encapsulation

Gold Wire

COC
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LED package

Silicone Lens
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Metal Core PCB

Aluminum

Epoxy resin

Copper

Solder mask

Solder paste
Thermal

conductivity glue

LED package-to-PCB
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LED package-to-Module

Metal Core PCB

Rear plate

Heat sink

Thermal
conductivity glue

Active/Passive
thermal dissipation ??
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TV-set System
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Heat pipe Heat sink
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Thank You for Your Attention !!


