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Display Technology Trends

Commodi ty Desktop

p-Si TFT-LCDs Portable Display

1980-1990 |  1990-2000 | 20002005 i  2005-2010

Focuson “Flexible
Video” Apps?
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Liquid Crystal Displaysfor TVs

up to 50” in production (65" demoed)
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Why Flexible Displays ?
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 Thin, Light, Rugged flat panel displays.
» Conformal and foldable displays.

* Low cost manufacturing, roll-to-roll.

» Low cost substrates.

Novel Display Applications
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Flexible Substrates (Plastic vs. Metal) .
Maximum Process Temperature
Plastics ~ 200 °C
Metal Foils~ 1000 °C
Thermal Expansion Coefficients
Dielectrics Metals Glass PES = PAR PC SS
9.9-7.5 8.5-30 5 50 70 S7 20-50 ~20

ppm/°K pom/°K  ppm/°K  ppm/°K  ppm/°K  ppm/°K  ppm/°’K  ppm/°K

Irreversible Shrinkage After 1h of Preannealing
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Metal Follsvs. Plastics

Outstanding Advantages of Metal Foils Demerits of Metal Foils

Readily compatible with poly-silicon TFT technology Tlend to berough and thus require polishing or
due to superior thermal properties. planarization.

Enable thermal oxidation to be used for gate didectric | Need to be coated with an insulating coating.
for high performance & high reliability TFT circuits.

Lower thermal expansion enables small design rules | Coating layer should withstand high temperature if
for high performance TFT circuits thermal oxidation is used for gate dielectric growth.

Higher thermal conductivity enables dissipation of Microstructure of metal foils changes upon annealing
thermal loads. due to grain growth.

High conductivity of metal foils renders them useful as | Stresses need to be balanced to avoid warping.
global power or ground terminal.

Compatible with most wet chemical processes.
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COT's TECHNICAL APPROACH FOR FLEXIBLE DISPLAY

1. Metal Foil Substrates
» Polishing
 Coating

2. Active Matrix Backplanes
 Develop fabrication processes on 5 & 6 inch substrates
e Optimize Polysilicon Thin Film Transistor Electronics
* Investigate Display Pixel Architectures

3. Organic Light Emitting Diodes (OLEDS)
« Small Molecule OLED (ARL)
 Polymer based PLED (Penn State)
 New Cathode and anode contact materials

4. Integration & Packaging of OLEDs/PLEDs onto metal foils

5. Display Drivers for prototype display testing
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Our testbed: 3.3inch VGA AMOLED display

 Low Profile

e Light Weight
 Rugged

 Low Power
 Flexible

e High Performance
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Processing Facilities

Poly-Si TFTs Backplanes Polymeric T op-Emitting Diodes
Programmable Spinner: Asymtek Automati c Dispenser:
Substrates:
up to 6 inch
Silicon
Glass
Metdl
PIaStIC Evaporator: MBraun GloveBax:
For cdcium deposition.
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M etal Foils Preparation — LR
Surface polishing
As-received SS-304 Mechanical polishing Electro-polishing &

Chemical/Mechanical Polishing

Surface finishing with Ra less than 10 nm can be achieved.

CAUTION: Isolated defects may exist depending upon substrate.
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M etal Foils Preparation — LR

Insulating layer sdeposition and testing

Deposit/coat insulating layers on metal foils and then anneal at 900 °C. Evaporate

aluminum through shadow mask that defines test pads of 1 cm?2. Identify shorts
between the 1 cm? aluminum pads and metal foil substrate. 56 total sites were

tested for each substrate (5 inch).
Insulating coatings of metal foils that can withstand high temperature processing
IS possible

Initial Result (many shorts) Optimized Result (no shorts)
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Poly-Silicon TFTsBackplanes— Doy R L
Our progresson metal foils

» Fabricated on 4 inch Steel Wafers

» General Purpose Electronics

* 4 Arrays (60x80 pixels —250um Pitch)
* Diagonal size: ~1in

» Test Display driver circuits

» Fabricated on 5 inch Steel Wafers

» General Purpose Electronics

*1 Array (640x480 pixels — 110um Pitch)
e Diagonal size: ~31/4 in

* Display row driver circuits integrated
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Poly-Silicon TFTsBackplanes— LERISH

VGA active-matrix array on metal foil

1 Array (640x480 pixels—105x110um), 3.3" diagonal size

* Polysilicon TFT Circuits for integrated drivers & Test Structures
* Array contains 614,400 polysilicon TFTs over an area of 35 cn?
* Integrated polysilicon TFT display scan driver circuits
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Physical Layout: 2-TFT Pixels, Small Pitch

- 2 TFT PMOS Active Pixel

- 110um x 105um Pitch

- Storage capacitance between
Poly-silicon and Active layers
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Poly-Silicon TFTsBackplanes— LERISH
Effect of inter-metal dielectric layers
Initial Inter-metal Dielectric Process Optimized Dielectric Process
(many shorts) (few shorts)

Each red lines indicates a group of 20 gate lines and each blue line indicates a
group of 20 data lines that are shorted to power lines.
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OLED Displays. 2-TFT Pixel

-Advantages:

PMOS Architecture
-Simple proven benchmark design (minimal development time)

-Low transistor count (increases reliability and yield)

-High aperture ratio (possible high resolution implementations)

-Easy to control (LCD driving IC's with minimal modifications can be used)
-Disadvantages:

-Display brightness non-uniformity due to device parameter variations

-PMOS architecture required for better performance

CMOS Architecture
Design Criteria:

1 - W
Dimensionsof M1:  la :Exm‘cox T{Vgs' Vth)

Cooed 4 C= FrameTime
gpaditor vaue: “ " GreyLevd
First level non-uniformity: o 2>L>9(VL +X,
I Vgs- Vt

* X X, threshold voltage and mobility variations

Standard timing diagram for a voltage addressed display
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Functionality of AM-OLED pixels

2 TFT 250 um Pitch - PMOS Architecture

lout (UA)

lout (A)

120.0
100.0
80.0 1
60.0
40.0
20.0

0.0
0

4 6 8 10
Vdata (V)

2TFT 125 um Pitch —CMOS Architecture

6.E06
5.E-06 1
4.E-06 1
3.E-06 1
2.E06 1
1.E06 T

0.E+00

-1 1 3 5

Vdata (V)

2TFT 110 um Pitch —PMOS Architecture

3.E05

2.E05 1

lout (A)

1.E05 1

0.E+00

Vdata (V)

* Measurement Conditions:
Vyy=10V
V.. -5V (2-TFT)

+10V (4-TFT)
Viaw applied for 20psec

held constant for 20ps

Measurement conditions simulate operation of a full-VGA display (50-60Hz refresh rate)
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6 Inch Laser Crystallize Stedd Wafers

6 inch Laser Annealed Steel Wafers

* Will include:

*1 Array (640x480 pixels — 110um Pitch)
e Diagonal size: ~31/4 in

» Display row driver circuits integrated

* General Purpose Electronics
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Perfor mance Requirementsfor Flexible Systems:

Processor & More...

High
A -0.75um
C
= )
8 Anal og Driver - 15um 2
g ! D~0.15V
= D-3V ¥ 33y ' %
8 I D~0.3V i
> 6um
\D/ _é 10V | p-oov
[ ]
16v D~15V
100 200 300 >400

Figure of Merit (Mohility)
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Poly-Silicon TFT Performance

Low Temperature (300-600 °C) process (ELA + PECVD SiO2 gate dielectric)
High Temperature (800-1000 °C) process (SPC + thermal SiO2 gate dielectric)

1 ]
1E0G | //_——- LE06 F \\
TLE0S | < 1E08 |
8 i k= ! \
~ 1E10 § ~ LE10 F \
1.E12 Aﬁ! LE-12 |
i ; R
1E‘14 P B TS S S T S T 1E‘14 .............. 19, 9 "
-20 -10 0 10 20 -30 -20 -10 0 10
Vags(V) Vgs(V) o
NMOS and PMOSTFT at Vd = 01 Vand 11V Poly-Silicon TFT
Gate Oxide Device (W/L=20/4) Mobility (cm™2/Vs) Vt (V) SS (Video) loff (A)
PECVD NMOS 267 +1.4 1.4 1pA
ELA PMOS 87 -9.8 2.4 0.1 pA
Thermal NMOS 210 +2.3 2.6 1pA
SPC
PMOS 130 -3 3.4 1pA
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Electronics. Ring Oscillators

Ring Oscillator: 19 CMOS inverter stages, buffered output, 15V supply operation.
Free-running over frequency: 50M Hz, translate into 0.8ns prop. delay time/ inverter.

=
S
3 |
:
2
O
3|
0.E+00 5.E08 1.E-07 2.E-07 2.E07

Time (s)

Fabricated Ring Oscill ator

Lots of ather analog and digital circuits has been fabricated on
stainless sted foils to For display or sensory applications like
A/D,D/A, Sample & Hold, Op Amps.

Ring Osdllator Architectures
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Electronics. Shift Registers

Vourt (2V/div)

In order to have |lower number of trand stors and higher yield, haf bit shift reg sters has been used.
Dynamic Half bit Shift Registers. (Fast, Lower Complexity, higher yied)

18 or 22 TFTs/ stage.

Fmin = 50kHz, Fmax = 1.45MHz @ 14V

./ \

i CLKB

: / \ CLKA o 4

./ | 80/4 80/4

L““““““““““ 4[140/4 404

j \ CLKB = CLKA -
0.E+00 5E-06 1.E-05 2.E-05 2E-05 I: I: I:

Output Buffers
Time (s)

10 Stage of Dynamic Shift Register fabricated on metal foil
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Electronics. Shift Registers

Static Half bit Shift Register (runsat low frequencies, no pre-charging)
Fmin = 100Hz, Fmax = 1.25MHz @ 14V.
Both architectures suitable for row display driver role.

; CLKA 1o 16/4
L\ CLKB
i a—
A S
| 8/4 g4
s B 1 i =
S F vin = 16/4 soa ] 16/4 gua
a L ,_\ D
S “HH“HHI'HIII' CLKB = QKA B
A o a4
........................ 44 OLtp.I Buffers 4/4L|

"'_.L

0.E+00 1.E-05 2.E-05 3.E-05 4.E-05 5E-05

Time (s)

10 Stage of Static Shift Register fabricated on metal foil
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Sample and Hold Circuit

Typical Sample and Hold operation diagram 3
= Sample Clock
2.5 .
= === Analog Input
2 ‘A Sampled Output
2 ,,.-"J
v § 15 "l
Sampling Clock § 14— _.d',’" ]
Pine I T Tl T M
. . 0.5
l Unity gain buffer ,J
(high current capabilities) 0 . . . . . . . . .
Storage Capacitor 0E+00 2.E03 4.E03 6.E03 8EO03 1E02 1E02 1E02 2E02 2E0 2E0
(saves data as a voltagev alue) Time (s)

Circuit Characteristics:
- CMOS Pass gate
- Integrated clock inverter for pass gate

- Analog buffer with long double gate
differential pair for lower Kink Effects
and higher linearity

- Large capacitor for retention of datafor
high resolution displays

- Just 125 um pitch
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Polymeric Top-Emitting Diodes—
Architecture and Fabrication
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Each pixel is driven by two PMOS thin-

film transistor. One transistor works as a

switch, and the other one control the

8ur(rjent passing through the light-emitting
jode.

Top-gate poly-silicon transistors are
adopted, as well as the top-emitting
polymeric light-emitting diodes.

Prior to the fabrication of transistors, the
substrate was well-polished and coated by
an insulating layer.
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Characterizations

Calcium PLEDs have much higher luminescence and can be driven at lower voltage.
A “red-shifted” spectrum was observed on calcium PLED.
Pt/CaPLED hasacurrent turn-on voltage of 5.0V, which is 3.03V less than Ni/Ca PLED.

Pt/Ca I;I&ED has higher current density than the other PLEDs. Thus, the higher brightness is
expected.

Een i mnmaer dpr o TorEnbay Y = 20

P ke Crr —— Light Turn-on:
A Vica= 65V
AR Vi =108V
5 | L
E i \".\, '._I
i Il Current Turn-on:
" i N, Via=80V
) " V; =105V
Aluminum Calcium
Light turn-on 10.8V 6.5V
Current turn-on 10.5Vv 8.0V
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Optimization of ITO Sputtering

The optimized ITO has lowe sheet resistance and better

uniformity. [L
The transmission of a blank glass is around 92%, mastly

due to the refraction rather than the absorption. The

optimized ITO (green curve has a great transmission,

around 85%, a 550nm wavelength, which is the same

wavelength as our PLEDs emitting.

RF Power: 50 W
Thickness: 1556 A
Argon Flow: 5 sccm

D.R.: 0.86 A/s

RF Power: 100 W
Thickness: 1783 A
Argon Flow: 10 sccm | 482
D.R.: 1.98 A/s

U%=68% U%=20%
(Initial Rs Distribution) (Current Rs Distribution)
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Flexible Encapsulation and Testing/Analysis

Encapsulation Testing and Analysis

EL and PL Measurements
Extract 1-V-B curves and spectra.

I PP (I ntegrated Inpuled Photoconductivity):
Determine and characterize traps and the
degradation analysis.

AFM-Surface Roughness Analysis.
The anode surface roughness plays asignificant

100 micron thick fails, 4” in diameter role during the devices aging.

Radius of curvature during testing <5cm XPS/UPS-Work Eunction M t
_ ork Function Measurements
Thested substratewes insulated by SOG only. Work functions will be measured on new cathode

A hermetic and flexible encapsulation is under developing. materials.
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Display Testing Approach
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A portable Lab-view based
testing platform has been
developed that enables
AMOLED to betested as a
24 (scan) x 32 (data) blocks
with each block containing
20x20 pixels.
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Driving Approaches (Microcontroller Based)

Microcontroller based Custom Driver Board for full PC Interface.
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Conclusions

A novel approach has been devel oped for producing high quality metal foil
substrates.

A multilayer coating process has been devel oped for insul ating the metal
foils, as well asinter-metal isolation.

Top-emitting PLEDs with Pt anode and Ca cathode show promising
characteristics and will be capable of being integrated onto pol y-silicon
TFTs backplanes.

TFTs backplanes are ready for being integrated with PLEDSs.

Sputtering conditions of transparent/conductive I TO have been opti mized
and show excellent characteristics.




