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WHY ORGANIC LED Display

* Brightness 100,000 cd/m?2

- Efficiency >30 Im/W

* Low Voltage from3to 10V

* Fast response < pus

* Low Cost Deposition Techniques
» Wide Viewing Angle >160 deg (Lambertian emission)
 Scalable Emissive Area - from a few um to a few cm

* Colors - fluorescent R,G,B and phosphorescent R,G, covers
almost 90% of National television System Committee
(NTSC) color spectrum standard

* High contrast
* Good lifetimes > 10.000 hours
* Very thin and lightweight

Review : B.Geffroy et al., Polymer International 55, pp.572-582 (2006)
G.Gelink et al, Adv.Mater. 1-21 (2010)
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OLEDs' advantages over LCDs' are:
1. Simpler structure (thin & lightweight)
2. Better visibility (wide viewing angle)
3. High contrast (when off; it is black !)
4. Faster response

5. Operation at lower temperatures

1 — RGB individual pixels
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ADVANTAGES:

« efficiency (direct vision of emitted
light)

* “lower” manufactoring costs
(no colored filters, ecc.)

(Sanyo-Kodak, SNMD)

Active material is deposited separately
on each RGB

DISADVANTAGES:

« emitters should be optimized
separately

* emitters need patterning (insoluble
polymers ?)

« different life times of the emitters
(limited blue lifetime —red shift)




1 — Example from KODAK

Spettri dei tre colori primari RGB e del bianco
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2 — BLUE EMITTER and COLOR CHANGERS
(Fuji Electric)

Blue OLED
- 2CCM

Only one color of luminescent material

DISADVANTAGES:

ADVANTAGES:

* ITO sputtering over CCM
* no emitter patterning * requires a stable blue emitter

* same life time « uses different procedures

* higher efficiency with respect
to filters

* color purity

* Blue emitter must have high
efficiency or operated at high current
(limited lifetime)




3 — WHITE EMITTER and COLOR FILTERS
(Sanyo-Kodak, TDK)

be—— white oL 400 nm 750 nm
.  ALA LA
| 460nm  550nm 630 nm
ADVANTAGES: DISADVANTAGES:
« available technology (LCD) * loss of efficiency
* no emitter patterning * a good white emitter is necessary

(efficient and pure)

. degradati
omogeneous degradation « heat absorbed

* area pixel

4 — STACKED OLED (SOLED)

Thick Mg/Ag Electrode 1 (Reflector) \ (Ul’liVCrsal
Top 0LED Display Corp.)
Sputtered ITO Electrode 2
Middle TOLED
> 500 nm
Thin Mg/Ag Electrode 3 (Partial reflector /absorber)
Bottom TOLED
ITO Electrode 4
Class subsirate J
* No masks DISADVANTAGES:
« Increased resolution
*Uniform white * Multilayered complex

structure

* No polimers (difficult to
deposit from solution)

* Brightness reduction
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TOP or BOTTOM EMISSION
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Easier integration with back-plane electronics

(nFET or pFET)

From OLED to DISPLAY

Addressing schemes

+ Sequential Addressing (pixel at a time)
CRYT, Laser Projection Display

* Direct Addressing
7-segment LCD

* Matrix Addressing (line at a time)
Passive matrix, Active Matrix




PASSIVE MATRIX

: : o : T time = 20
Line by line scanning in a frame time ¢, = (rame Gme = 20ms)

N (number of lines)

Id:
Drive current.

E/@fﬁfﬂ,ﬁf i
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Pixel : crossover area of
2 linear electrodes (printed

Problem: Crosstalk
on both sides of the active material)

* Rows and columns not selected may
be floating

* Sneak paths to ground are possible ‘ Reduced contrast

PASSIVE MATRIX

- To obtain a medium Luminance L,
in a display with N lines, each line must be
excited with a peak luminance Nx L,

Ex.: in a 480 line display (VGA), an average luminance of 100 . ) .
cd/m? is obtained by giving a peak luminance of 48000 cd/m? Interdigitated Single Matrix

=> High peak current density (up to 1A/cm?) -
» OLED €efficiency is reduced

Efficiency (Im/W)
< g2

(;wp2) ssauy

* Faster degradation ;

* Large voltage swings on rows and columns e s

Voltage (V)

* Voltage drops along the lines ml

CEll
Passive matrix limited to about 100 lines EM H,_é
(double if Dual Scan) il

Dual Scan Split Matrix




ACTIVE MATRIX for ORGANICS

OLED luminance proportional to current density

OLED should be current dri

COLUMN

ven

Luminance (cd m %)

: Current O I T
: memory

(b) Current density (mA cm 2)

Drive pFET kept in operation
during the whole frame time (20ms

. Lower peak luminance
. Higher efficiency
. Longer lifetime

2T1C cell

100

POWER CONSUMPTION

Passive matrix:
Ioiep flows along rows and columns
= resistive dissipation
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Active matrix:
IoLgp flows between Vi, and ground,
big and low resistance (NO current in
rows and columns)
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Video Power [mW]
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COLUMN

Based on a 2.2" display operating in video mode

80x101 128x128 144x176 176x240

Resolution




Amoled — Active Matrix oLED
driven by Si TFTs

G 1B 2R 26
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SXGA: 1280x 1024 x 3 = 3.932.160 pixels = 7.864.320 TFTs

OLED SCREEN : Sanyo-Kodak (1999)

2,16 pollici (5,5 cm)
* Resolution: 521 x 218
* 16,7 milion colors (24 bit)
* Pixel dimension : 84 ym x 151 ym
» Temperature : -10°C +75°C
* Response time : 10 ys

* Depostion architecture of 3 colors: RGB Delta

el el
EERENE
| ' l l ( ‘ Digital camera
Kodak LS633

First commercial product of oLED screen




Current consumption

| immagine [Corrente OLED [mA]

The current absorbed by an
OLED screen depends on the
image to be shown

In LCD instead backlight is always
on at its maximum
(constant maximum consumption)

n&*

OLED SCREEN PRODUCTS

Samsung (2009) TV : Sony (2008)

Samsung UltraTOUCH (S8300)

\ 3mm thick !!




OLED SCREEN PRODUCTS
State of the art (6 Sept 2013)

77-inch Ultra HD curved OLED TV — LG Display

DTV 771!

OLE €
acuOTRA P:E worlds Large®

- @ IFA Consumer Electronics (Berlin)

- LG Display had previously launched a 55-inch curved OLED TV eight
months ago at the Consumer Electronics Show in Las Vegas.

- This new product has a 4K Ultra HD resolution - four times the number
of pixels than a standard 1080p HD would have.

TFT area vs mobility and feature size

lojioeded

OLED

I T A

, ) =gy —— — Joe
Data: 1, 72pA, C,=700nF/em?, V,-V=5V f— N \
lass or flexible ric foil
Mobility (cm?/Vs) ! |—’—I“-'b|
Feature size
20 um W =500 um W =20 um .
Area = 175x175 um? | Area = 35x35 pm? Slze

5pm W =125 um W =5um
Area = 45x45 pm? Area = 9x9 pm?
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Organic TFTs for Screens

BOTTOM GATE / BOTTOM CONTACTS 85 TFTs. 3 inch wafer
All processes at T<150°C .

- L=10ygm, K =5 6mm _] i
s 10

PPX (Poly(p-xylylene) g{ 12 N 107°
[ Pentacene 2 8 10°
PVP+Xlinker = 4-_ 110"
J AU < \ L b7 1072
| U 0 \lh‘ L o714
OTS cm? —20 0 20
n,=0.18 — V.[V]
p V .S &

Gelink et al. Adv.Mater. 2010

Screens with Organic TFTs (I)

Light Emission
Barrier Film T Cathode

Organic
OLED Insulator

Anode foEss perture for OLED
od

Sw. TFT
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Screens with Organic TFTs (II)

Properties Specifications
Display Size 2.5-inch diagonal
Number of Pixels 160 x RGB x 120
Pixel Size 318 mm % 318 mm
Resolution 80 ppi
Number of Colors 16777 216
Peak Luminance >200 cd m?
Contrast Ratio = 1000:1
Operation Scheme 2T-1C voltage programming
Scan Voltage 30V p-p
Signal Voltage 12V p-p
VeVaath 20V

Screens with Organic TFTs (I1I)

Light emission

PET barrier

Foil on a Si carrier process

\ &

smoothing layer
PEN foil with barrier

Si-wafer (67)

200 cd/m?




Voltage driven current generator

ROW

Drawback : sensitivity to non uniform
performance of the FETs in the screen
(typically V)

Different levels of luminance in
contiguous pixels

..................... ““f—/l- Even with poly-Si, V; dispersion
can reach 10% (300-400 mV)

=
§ Solutions:
3 *Analog
\ Current memory circuits
Vdata Diai
*Digital
Voltage memory circuit — Area Ratio Gray Scale

— Time Ratio Gray Scale

V. dispersion: analog current memory circuit

|
DAT* 8 ™ . Addressing time:

« T,, Tgand T on; T, off
Vv _c“:-r V _4 T 2y '3 5 y 16
.NSEL d " Cg charge through T,

Frame time:

Vaz —d[ T3

OLED If the pixel is in low light, little currents
are flowing — long transients

Solutions: Precharging or Digital techinques
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V. dispersion: digital driving

Transistor always have Vg=Vpp:
* Area Ratio Gray Scale

AV 1y is relatively lower

— Individually selectable

mullu"l |

Sub Pixel Areas

+ Time Ratio Gray Scale

. Reduced intensity
by skipping subframes

1st 2nd 3rd 4th

frame frame frame frame result

Oo00-0-
= e
ml
. D = . dark gray

EEEE-NE

Time ——

Time Ratio and Area Ratio can be combined to increase gray scales

Electronic ViewFinder & Head-mounted display

To be viewed near to the eye with a single lense

. XGA 2.4M dots (1024xRGBx768)

Item Characteristics

U'V' chromaticity diagram

G

oal N | A |-
colorgamut | >oal N | A |4 color gamut
0.2 \\/ i
Of B . |[—ECxaa1a, ECX332A]
K g =
0.0 [T
00 01 0.2 0.3 0.4 05 0.6 0.7
u
Contrast Maximum 10,000:1
Brightness Maximum 200 cd/m?
Response 0.01 ms or less

o “_,_‘____75 90% NTSC
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Electronic ViewFinder & Head-mounted display

Very small pixel :
3.3um x 9.9um

ECX331A Existing method

Up to 200 pm

Standard Si a viable route for substrate

+ Careful circuit design:
A SXGA 1280x1024 with pixel pitch=12um needs a maximum current for pixel of 20nA

Electrophoretic displays

chips

Top transparent . .

ohctode = o~100um  Pulse width modulation

Clear fluid 5 | ::,

Positively charged Negalialy = &

ki pi;:"emge ::;amr';ﬁ 2?;’: % -Et 025 05 075 .
] ts)

/ Bottom electrode 15 q

Electric field e

—
‘LLL 15
* =) 2 K
5
o [O) < s
o S
-5 0.25 05 0.75
'XF / 0 t(s)
& 8 f 15
TiO2 in polyethilene (¢=Iym)  Electrical double layer Stripped ions
Neutral and stable Charged dye
Electrophoresi

E-Ink - start-up of MIT Media Lab (1997). Idea from Jacobson in1995 (Stanford Univ.)
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2 patterned

Data line

Electrophoretic pixel circuits

bottom electrodes

Scan line

Rogers et al., J. Polym. Sci. Part A:
polym. Chem., 2002, 40, p.3327

L TFT

ITO, NOT patterned
(common to all pixels)

MicroContact Stamp!

Electrophoretic product using organic technology

Display Technology
Display finish
Display size
Display Resolution
Form Factor

Color and Finish

Exdernal dimensions
Weight

Interface

CPU

Storage

Battery Life
Connectivity
Operating System

Applications (on
device)

Compliance

Plastic Logic 100

Flastic Logic PlasticPaper™

Shatterproof polymer, anti-glare, anti-fingerprint, hard coat
10.7" (27cm) diagonal

1280 x 960 at 150ppi

Tablet style

Front: Charcoal Grey with matte finish
Back: Black with soft touch finish for easy grip

216 280 x7.65mm

475g

Full screen capacitive touch

800Mhz.

4GB internal

Over a week of average student reading
Wicro-USB

WinCE

Home and Content Organizer, Reading and Annotating, Search, Cross
document navigation

GOST-R, CE, RoHS, FCC, UL
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Active matrix : BOTTOM emission

ITO below : requires p-type TFT

ROW

VoD
()
e ©s

Sy

COLUMN

(b) “

a-Si: 1, =103-102cm2Vs =) Poly-Si: p, =100 cm?V's

In a-Si hole mobility is too low
(not sufficient for pMOSFET)

17



Active matrix : TOP emission

* NO interference of the TFT matrix to the light emission
* NO transparent substrate

* Elaborate integration architecture (OLED on oFET: multilayer interdielectrics and
interlayer connections)

—

print of the pixel)

higher luminance and possibility to have bigger pixels (smaller foot-

ITO on top ... TFT di tipo n

J%ﬁ Vo (a-Si — minor temperatura, minor costo)
—0

1o '
W; Al Al
4 i - Si0, ——

...Mma
* |l tempo di vita del’OLED tende ad essere degradato
+ |l Silicio amorfo mostra scarsa stabilita di V;
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