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Samsung shows phone with Samsung Galaxy Gear
bendable screen

LG flexible OLED TV Samsung Flexible OLED TV 4



Flexible electronics Foldable electronics Rollable electronics Stretchable electronics



Flexible smart phone




Foldable smart phone
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FLEXIBLE AMCILED




Flexible device and components

» Passive/Active IC
« Display
 Memory

« Sensor

» Battery

* |nterconnection
« Packaging




Why flexible electronics ?
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= Q7| HtE K| (Organic based memory)

= 27| HtE A (Inorganic based memory or silicon based memory)

. . 7 IFT Mobility
Organic material :

13



7| R | vs. 77| EE= X

Polycrystalline Metal oxide Amorphous
Organic TFTs
silicon TFTs TFTs silicon TFTs
Field-effect
> 10 cm?V-ist 7 cm?V-ist 0.5 cm?Vv-ist 0.5 cm?V-ist
mobility
Operating voltage 4V 10V 15V 40V
Minimum bending
10 mm 30 mm 5mm 0.5mm

radius

14



7| BteA vs. 7] BN S8

= 27| BEEX| (Organic based memory)
- Low performance and low reliability,
but low cost, and high speed fabrication

= 27| HtE A (Inorganic based memory or silicon based memory)
- High performance and high reliability
but high cost and moderated speed fabrication

15
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Flexible memory/semiconductor

Flexible memory developed by HanaMicron in Korea

18



Flexible memory/semiconductor

,\ e = 100%
Fo /\ 2r
: )

« 10nm &2|&: Oiu[5F BrE2 0.5 um
« 1mm AZ|&: oty|=& 8942 5cm

16 + _

E £ 1000 0.2
= 14 + 3 900 | @ Before thinning © Before thinning
— E @ After thinning 0.1} @ After thinning
n 12+ 5, 800 .
=) < 700 = 00
T 101 i 600 i 0.1
8 i e "
= 8 ; % 500 ~ ! > o g o
2 sl 3 40 = dR LI
(@) ™ 300 [W 'Q{rrv EI 0.3 s
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6 2F ¥ Gate Length [nm] Lg [nm]
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Thickness of silicon thin film [um] Hole mobility and threshold voltage for PMOSFETs

before and after wafer thinning down to 7 um.
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Transfer printing technology

Stamp

(i) Prepare donor substrate;
apply rubber stamp

j_Atluched
device

(i) Quickly peel-back stamp;
grab objects off of donor

(i} Apply inked stamp to
receiving substrate

(iv) Slowly peel-back stamp;
print objects onto receiver

20
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Failure mechanisms for a coating/substrate system

TFT Device

TCO (100 nm)
Barrier (~1 pm)
Hard coat (2-5 pm)

polymer (100 pm)

Hard coat (2-5 pm)

« Substrate : Polymer (PET, PI, PEN) - Flexible
 Film: TFT device, Inorganic, TCO(ITO), Hard coat, Barrier layer -

Brittle

8

OC(Overcoat) or Hardcoat layer
- Scratch resistance

Barrier layer
- Environmental resistance (O,,

H,0)
- Multi(organic/inorganic or inorganic) layer

~

Coefficient of

24

Material Young's modulus, Thermal
ateria E (GPa) Expansion, CTE
(ppm/K)
Hardcoat 60+05 6l =1
Base polymer 29 ~65
Gas Barrier 150 10
ITO [19+5 7.6




/ Tensile stress cracking Tensile stress cracking

and delamination

I —

Tensile stress cracking Compressive stress cracking
and failure of the substrate leading to delamination

kﬁﬂr‘ﬂ
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Critical factors affecting film flexibility

= Thickness
* Film thickness, Substrate thickness

= Materials
« ITO, Metal, SiO,, Si, Nanowire, Conducting polymer

= Hardcoating
» Fatigue resistance
= Microstructure

= Adhesion

26



Mechanical reliablility of flexible electronics

" AMIA| 7 A ™A X9 ME|d S EBIots 2E=tel 7t $EO| gla

= Flexible, Bendable, Rollable, Stretchable®| Ho|= ?

"7 AaXpO| ME| g2 2 Bending test(zm ™ A|R)0| 2[5O0} AL LY
i S A A ARE A0 = Cret Ao EXg = QUL

 Bendable guideline: 5 & B4 R =10 mm, 5 mm, R3, R2, R1.
«  Stretchable guideline: Stretching strain = 5%
«  Fatigue guideline : 10,000 ~ 1,000,000 cycle @ R =2 ~ 10 mm

HE AME T ECe dH S8 S0 O 2M7 A4S 71 US

= Bending, Stretching, Twisting &l Fatigue 5 S AXIO| & WU ME|HES

SHHos Yoot Yy Te
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Reliability test for flexible electronics

Al 1 =
o O ]

* Outer bending test
(Tensile)

* Inner bending test
(Compression)

« Ultra bending test
(Foldable)

» Stretching test
* Twisting test

* Fatigue test

* Rolling test

- Adhesion test * twisting test
(peel-off or nanoscratch test)

N Y,

28



Reliability test for flexible electronics

Reliability Test Methods

Outer bending test (tensile)

Inner bending test (compressive)

Stretching test (tensile + delamination)

\Twisting (tensile + compressive) /

29






Various bending testers
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Various bending testers

NOILO3HIA ONIAvVOTl

-« 1ZO/Ag/\ZO/PES

0 2000 4000 6000 8000 10000
Bending cycle
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Bending test methods
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Bending test for flexible electronics

Thin Film

-<—Neutral Plane
-— Substrate

Neutral Plane
Substrate

» |f material properties are known

( ) 2 \
Ruom = /—L_,—, o - hf + hs (1 85 2}7 i3 AN )
oy [ e 7 2R ) (1+n)1+
S -TE (L+ 7)1+ )
n= h_f ¥= ﬂ h& film thickness, /1= substrate thickness
\ % E. ,  E;=elastic modulus of film, £ =elastic modulus of substratej

21



Bending stress and strain calculation

» |f material properties are unknown

= |f h, (film thickness) << h, (substrate thickness)

~

(1+y)1+y) 2R 2R
XL+

. (hf +h, )(1+2;7+X;7 ) ~hf +h, h
top

n= L, —f h& film thickness, /7= substrate thickness
\ n. . E, ,  E.= elastic modulus of film, £ _=elastic modulus of substratej

22



Fracture strain of flexible memory components

Silicon 0.8%
ITO 0.58 ~ 1%
SiO, 0.55 %
Au 1~8%
CNT 15 ~ 18%
Graphene 15%
Polyimide 4%

PET 4 ~5%

36



Thickness effects (Substrate vs. ITO thickness)

= QY ITOZQ| failure straing 1% = 7HISHCHHA

- ITO 100 nm ITO 20 nm
504 —=—FPET188um 5.2
| —e—PET125um 5.0 | = PET 185 um
4 5 - — & PET100um 45 :F‘ET125um
40d —v—reT7S : FET 100 um
35| —4+PETSD 32 — 4.0 :E;;g 32
3;3:[]_ —»—FET 25 um E gg: TEpRETSDum
£ 2.5 £ 254
E 2.0 E 20
I - 15
) IR N 9
0.5 1 0.5 4
0.0 5 0.0+
_[:]5 T T T T T T T T T T T T T T _[]5 T T T T T T T T T T T T T T
30282624 2220181614 12108 6 4 2 0 30282624222018161412108 6 4 2 0
Radious of curvature (mm) Radious of curvature (mm)
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Alternative ITO : ZITO, 1Z0O, ITZO, ZnO, AZO, GZO, IZTO

OMO(oxide/metal/oxide): ITO/AgQ/ITO, 1ZO/Ag/1ZO,
IZTO/AQ/IZTO, AZO/AQ/AZO, ZTO/AQ/ZTO, ZnO/Cu/Zn0O,
ITO/CU/ITO, ITO/AU/ITO, ITO/Ag/ZTO, TIO2/AgNW/TIO2

Conducting polymer : PEDOT:PSS, ITO/PEDOT:PSS

Ag nanowire

CNT, Graphene, Metal grid

38



Roadmap of flexible memory
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