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AM-FPD '15 Time Table

Wednesday. Ju_l}’ 1 Thursday. J'u_ly 2 Friday. ]lL_l_v 3 Saturday. JL!E’ 4
Registration 9:30-17:00 9:00-17-00 9-00-14:00 7:00-19.00
Tutorial 10-00-12:00 | Tutorial in Japanese
Symposium1: Session 4 :
9:00-10:30 [Advances in TFT Technology for | 9:00-9:50 [High Performance FPD
Future Application Technologies
10:30-1045 | Cafiee Break 9:50-1005 | Cofiee Break
. , Session 5:
104512:15 ;Bmlezf;rnﬂb - Electronics 10031105 |G 1 Approach on Photovoltaics
11:05-11:35 |Late News
12.00-13:00 [Lunch 12.15-1335 |Lunch 113513.00 |Lunch
Workshop 13:00-13:15 |Opening Session S ymposium3: Session 6: Excursion
13151445 |SESsiO 1 13351505 | e Flosble Solar Cells 13:00-14:10 [New Materials for Thin Film
Keynote Address Devices
14:45-15:05 | Coffee Break 14:10-14:30 | Coffee Break
15:05-16:10 | Sesion 2

Technology for Flexible Devices Session 7:

16:10-16:25 |Break 14301555 Onade and LTPS TFTs
16:95-1725 Session 3: _
Onade TFTs 15:55-16:00 |Closing Remarks

17:25-17:55 |Author Interviews 15:05-15:35 | Author Interviews
Poster Session:

FPDp / TETp / TEMDp / PVp

Author Interviews 16:00-16:30 | Author Interviews

Poster Session 15:35-18:00

Banquet 18:10-20:10 [Banguer

‘Workshop : “Ryukoku University Avanti Kyoto Hall” (Avanti. 9th Floor)
Registration : Entrance (Avanti. 9th Floor)
Poster Session : Mariage Grande “Glove” (Avanti, 8th Floor)

Author Interviews : Lobby (Avanti. 9th Floor)
Banquet : Mariage Grande “Glove” (Avanti. 8th Floor)
Tutorial : “Ryukoku University Avanti Kyoto Hall” (Avanti. 9th Floor)
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Mono c-5i 25.6%
Silicon
— Multi ¢-Si 20.8%
Thin film Si 13.4%

Compound T“ﬂﬂﬂﬂ‘."ﬂﬂ“i“e (InGaP,InGaAs,Ge) (46%)
semiconductors

Cu(In, Ga)Se, (21.7%)
Polycrystalline CdTe (21%)

CuZnSnS (12.6%)
Perovskite (20.1%)
Organic —[ Thin film (solid) (11.1 %)
Dye-sensitized (11.9 %0)
Quantum effect —— Quantum dot, multi-quantum-well (8.6%)
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Principles and Possible System-on-Wafer Applications
of SSI-LEDs

Y. Kuo, Taxas A & M Univ., USA *® Directsunlight

%14 _(03484,0.3516)
0.7 | 870K WO, 1,0004C PDA
06 -3, (0.464, 0.423) CRI 95-98
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o 2 : HEY q 40\ (0.478, 0.419)
interface layer £ & K
P-type Si substrate = 0 X
Al ohmic contact 02 Incanflescent

0.1 (0.4476,0.4074)

2 i 7 s 2856H
Fig. 1. Cross-sectional view of the new LED device.
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Fig. 5. Dynamic conductive path formation process (5).
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Wavelength (nm)

) ) fig.2 o150, (1600 PDA. and () 800°C POA poces tes. Al sampieshave
Fig 6. (a) Photos and (b) emission spectra of sample with 800 °C PDAat V= ~10 V, the ame dimeter of 300 um and Stess at V- 20V.
~20V, and -30V. Sample diameter: 300 um.
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Heat Treatment in 110°C Liquid Water Used for
Passivating Silicon Surfaces

T. Nakamura?, T. Motoki?, T. Sameshima?, M. Hasumi?, T. Mizuno?, Tokyo Univ. of
Agriculture and Technol., Japan, 2Kanagawa Univ., Japan

-um-thick 17 Qcm n- n m p-
(Pressure at 2.4x10° Pa) 590 pum-thick 1 Q‘c. n-type and 15 Qcm p-type (100)
Pressure proof chamber single crystalline silicon substrates
7 100
(a) 10 }3.0x10-3 1x10° s (2)
A 2.5x10°-p 0x10?
80 | Oxide film N/,/"\\\ 20x1p-2 5x10°
" or [ 4 ¥ \1.50109~2 0x10°
- Eol (1 ;
£70 1
£ =t \ (e
S 100 S s measurement
Fig 1 Schematic of presswe-proof apparatus and image for beat 33 20 R edge
s B3x104~1.0x107  1.0x10~1.510?
treatment m haquad water at 110°C s 100 130 ) Y
t g X{mm)
o
E 20 H Lo 10 [4.0x104-5.0x1045 ®)
— S Ox104-p Ox10+
%‘ 15 <o %0 P// \\2- 04~2.0x104
3 [
3, © Ena| |
= 20  ef \ Sample edge
o Effective
E 4% measurement
35 0 S "= " edge
® 0 o071 2 3 50x104~6 0x10% 3 0x10~4.0x10+
20 Depth [nm) e 30 60 90 120
=]
2 0 01 02 03 04 05 06 Xl
< Applied voltage [V] Initial life time P: 0.1 ~5.1ps —P:120 ~ 600us

N:0.59 ~ 12us — N:830~ 3000us
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Fully-Transparent Mo-Doped ZnO TFTs Fabricated in

Different Oxygen Partial Pressure at Low Temperature
P. Shit, D. Han'?, Y. Zhang®?, W. Yu?, L. Huang®?, Y. Cong®?, X. Zhou'?, Z. Chen?, J. Dong?,
S. Zhang!, X. Zhang?, Y. Wang'?, 1Peking Univ., China, 2Beijing Engineering Res. Ctr. for

Active Matrix Display, China

10°) -
10 [—
10° OPP=0%
- OPP=10% o
;] OPP=20% B
i OPP=30%  ° o
Fig 1. The schematic cross-section view of MZO TFTs b ok I e o
10 o e & v
N2 10" + 7 opP-0/(ar+0,
10" 5
10% 0, partial pressure(OPP)
107 v
-10 S o 15 20 25

...
V.

Fig. 2. The transfer curves of MZO TFTs in different oxygen partial

pressure (Vp=5 V. W/L=100 ym/10 yum)

Transmittance(%)

Wavelength(um)

R o ool B RF Sputtering fix Pressure
Wavelength(nm) Oxygen partial pressure(OPP) T
Fig. 6. The transmittance of MZO TFTs when OPP=10%. The inset Oxygen vacancy(Vo)J,— freee |

is photoluminescence spectra of the MZO films at various oxygen

partial pressure
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P-Channel Oxide Thin Film Transistors Using Sol-Gel

Solution Processed Nickel Oxide
T. Lin, X. Li, J. Jang, Kyung Hee Univ., Korea

0
= 2 —=7"
: = [mommmmm———" i
? Gate-Insulator Drai s p "
= 7
[
Glass Substrate o g

— ’
Fi 1. The schemaic cross section of TFT with NiO thin il as active ‘5 205 g

(&) " —— VA2V

100 v o e Vo= 5.5V
—_ = o? Vo= 8.7V
g\: %0 Eg"‘353eV 2 o5 "" oeeeeas V-
@ o -
o L~
c 60 -
£ 3w \ de5
E © o | 6 -4 2 0
2 “f i
8 i SE— Drain Voltage (V)
L [ER—— g o
Fig.3. Output charactenistic of NiO TFTs.

o
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Fig. 2. Optical spectra of NiO thin film
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Temperature and llluminance Detections by Hybrid-
Type Carrier-Generation Sensors Using N-Type and P-
Type Poly-Si TFTs

K. Kito, H. Hayashi, S. Kitajima, T. Matsuda, M. Kimura, Ryukoku Univ., Japan
It is found that oscillation frequencies of hybrid-type carrier-generation sensors depend on
temperature and illuminance.
We modeled the dependences of the oscillation frequency on the temperature and
illuminance, which are available to detect simultaneously the temperature and illuminance.
1E+4 1E+6

Ok, Oy,
= With Visible light g‘"‘ ""‘l’:" light - g, =
X © 9900 kx 900 . TN o %900 e
> " ” :
= SN o _Ed } % Pt
100°C : g ” 37 E -~
\ + s Netype Z1E2 s ZIES |
P-type e | . Vds=5V § A 1
g 3 $1E2
1Bt
1EH

Vds=-5V 19

4 » Ptype
W=1000pm [ e, /Ny
10°c 1E+ type
W = 1000 ym 1% Le Spm » S Tame:
Le 3 W/L=15/2ym. SA WILEEEZ Sk
1€40 0
100 10 20 30 40 % 0 0 80 %0 100 100 10 20 30 40 50 60 0 80 % 100
0 5 0 5 -5 0 s 0 Temperature (C) Temperature ('
Vgs (V) Ves (V) (a) N-type (b) P-type

Fig. 3. Temperature dependences of oscillation frequencies
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PREFACE

Welcome to AM-FPD '15, the 22nd International Workshop on Active-Matrix Flatpanel Displays -TFT
Technologies and FPD Materials- (AM-FPD '15) and to Ryukoku University Avanti Kyoto Hall, Japan.
Sponsored by the Japan Society of Applied Physics and technically sponsored by Electronics and Photonics
Division and Japan section in The Electrochemical Society (ECS), The Institute of Electrical and Electronics
Engineers (IEEE) Electron Devices Society, AM-FPD '15 marks the twenty-second event in the workshop series.
Since its inception in 1994, the workshop has been providing important opportunities for people engaged in the
research and development of devices, materials, processes for FPDs (Flat Panel Displays), and photovoltaics.
The active-matrix displays and solar cells are the key devices for facilitating the safety and sustainable society.

Our committees have prepared an attractive program focusing on topics such as thin-film transistors (TFTSs),
other thin-film devices, solar cells, circuitries and systems, LC technology, and crystallization, thin film
materials and devices based on the workshop scope of “New Stages of Thin Film Devices towards Flexible Era”.
Our program will start at the keynote addresses by Ms. Lori Hamilton of Corning, USA and Dr. Michio Kondo
of AIST, Japan and Prof. Yue Kuo of Texas A&M Univ., USA. 74 papers are scheduled to be presented,
including 19 invited papers, 38 regular papers and 17 late-news papers. In addition to the regular sessions, three
symposia are scheduled. The symposia are composed of “Advances in TFT Technology for Future Application”,
“Emerging Flexible Solar Cells” and “2D Materials for Flexible Electronics”, in which innovative and important
technologies for future displays, solar cells, electronic devices will be discussed. Our proceedings will contain
all papers detailing the results of the latest outstanding quality achievements.

Our committees have also separately arranged a tutorial session in Japanese on Wednesday morning about “A
Perspective of Next Generation Displays” and “Basis and Recent-Progress of Solar Cells”.

We have planned the publication of the proceedings into IEEE Xplore digital library and a special issue of the
Japanese Journal of Applied Physics in conjunction with AM-FPD '15. Our Award Committee has even
awarded honorable citations such as Best paper award, Poster award, Student award, and AMFPD-ECS young
researcher award.

I would like to express my heartily gratitude to all committees, for their efforts in making the workshop a
success, all the companies and organizations that have financially supported this workshop, and last but not least,
all the authors and attendees, without whom this workshop could not have taken place.

July, 2015

Hiroki Hamada

IEEE Fellow,

SID Medal Laureate

Chairperson

Organizing Committee, AM-FPD '15
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R2R Plasma Coating Platform and
Energy-saving Films Study in INER
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Organization Chart of INER

INER, as founded a pational laboratory on nuclear technology research,
in recent yea‘e {nds into the development of carbon-free energy,
low-carbon energy, and industrial radiation applications.




Development and Applications

of Green Plasma Technology

Project Structure

(1)System integration and application of the flexible energy-
saving and energy devices with the plasma thin film
technology

(2)Development and applications of combing light-to heat and
light-to-electricity with thin- film concentrating solar system

(8)Verifications of the products of green plasma technologies in
an integrated carbon-neutral environment

(4) Development and establishment of plasma technologies and
an integrated system platform for relevant industrial
applications

From 2013/01 to 2016/12 (4 years)




Development and Applications of
Green Plasma Technology

Based on the conceptual scheme of green energy-saving environment,
the main program objectives-are set to adequately apply the core plasma
technologies and the advantages of clean plasma processes in the earlier
phases of the ” Development and applications of environmental plasma
technology” program , to further develop integrated systems with the light-
weight, flexible and energy-saving devices, including all solid-state thin-film
photovoltaics, thin-film light-controlled devices, thin-film energy-storage
devices, and thin-film solar energy c ntrators for photo-to-electricity
and photo-to-heat, and to effectiv ly them onto green energy-saving
products and zero-carbon ins ns for the next generation green energy
-saving: industries.

4




OUTLINE

« R2R Plasma Coating Platform in INER

INER
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Roll to Roll Process Toward Low Cost Production
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Overview of INER R2R pilot
coating platform & process

R2R AP Plasma &
Cleaner SYSTEM

R2R PVD
SYSTEM SYSTEM



R2R AP Plasma & Cleaner SYST

| ®R2R Substrate Cleaning

| Technology

®R2R Substrate AP Plasma
Cleaning Technology

®R2R Substrate Etching
Technology
( Substrate texture)

|

Cleaning Technology



R2R PECVD SYSTEM

®R2R ICP ~ RF -~ VHF Plasma Technology
(a-Si:H ~ p-Si:H)

Inline OES Process Control Technology
“-. Gas Gate Technology

(Reduce the Chamber contamination )

e thin film silicon materials in a vacuum
gechChemical Vapor Deposition-PECVD)



R2R PVD SYSTEM
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R2R Plasma Pre-treatment Technology
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Flexible Thin Film a-Si:H Solar Cell : Unique
characteristics for advantage in applications

Connector
el

Transparent encapsulation
Bus bar P P

. L b ’ : :
Th e fl exi bl e PV has four aser scribes e TQO (Transparent Conductive Oxide)

Thin film silicon absorber/active layer

.. ] L . Back contact
distinguished specifications: >olymer carrier foi b

v lightweight For competitive LCOB:lovw BOS costs is a

v flexible key factor

\/mkable . ;_’2’0""1‘%‘ - System cost breakdown (c. 1.5 -1.8 €/Wp)

/easy to CUStomlze il Installation costs : Module price
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| Area related i eyt
E power related ; margin
Solar Cell for PIPV Application =~ Cumulative Energy Demand
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BIPV & PIPV Application

Due to the niche market character of BIPV (Building Integrated
PV ) and PIPV (Product Integrated PV ), many different PV
types that could theoretically be incorporated into building &
(electronic) products for different applications.

Green Notebook — Embedded Solar Power

[— Trans&a)rent touch
keyboard with
Solar module solar cell

cCUPSC INTUIT




»With the blinds closed during the day

Flexible Thin Film a-Si:H Solar Cell R&D In INER

l extured subs 1ral L

In a sunshine day, the blades with solar panels are set to face
outside against the sun light to generate electricity. Even in a
cloudy day or night, they are turned to face inside to generate
electricity as well from indoor lighting

blocking the rays of the hot sun, the
PV generates the electricity and once

the sun goes down, the stored electricity™-* -
could be used in the night time.

Low installed cost, Flexible, Infrangible and
High safety

film solar blind-modules demonstrated

in 2013 Taipei International Invention e yr
Show & Techno mart

7 4 > z
It’s possible to combine the three eleln;ef@é((éllﬂ‘gV-snﬂng,
electric generation, and artistry altogether into a solar

Favorable colors and Customized
electric requirements

energy-saving blinds for gréen-living atmosphere.
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Energy-Saving Film for Zero Energy Building

Static Low-E

How Low E Coatings Work

Super Insulating and Dynamic Windows B

— Needed to Achieve Zero Energy Buildings

B Baseline
Loads

O Double Clear
#1)

MBtu Annual HVAC

f0.00
B Static Low -e
B0.00
000 [0 Static Super
5 Dynamic Dynamic EC it
Super (#6
oo per (#6) Separator face
) W Static Ultra
. . r""/'ﬂ
20.00 s : .
Hoston [BIW Phaenix E Dynamic thhlum
Heating Climates Mixed Climates Cooling Chmates Ultra (#9} |ms

City and Chmate Type

Bars above black line represent window energy load
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Electrodes Conductors



Low-E Window : Minimize the amount of ultraviolet and
infrared light that can pass through glass without
compromising the amount of visible light that is transmitted

Evolution of U-values for window glazing: 1950-2010e (in W/m2K)

Wvalue in WinFK — g::z::g p,xc"zn company ;
- 6 single glazing b ':l n company
Benefits A — Ponsorpame”
e S mna i
« Neutral in color. " : insuiaton :iﬂﬁam |doutle
: . glazing glazing | glazing | triple il
] .. ) ‘ argon filed | c°2ted. | glazing ;| foutim
« Highly transparent to visible light jargon | coated, : laminated
(380nm ~780nm) T e e 9058
4 2 I il
I . vat:t_Jum
« Relatively high reflectance of infrared | | Ll
radiation (780nm ~ 3,000nm). : | | —
o L ; v ] —l e nanat
1950 1960 1970 1980 1990 2000 2010
Source: CERE, ETH Zurich, SG Equity Research
] foWsE

Most Visible Light
Admitted

P S 4 Winter:
Low-E insulating glass keeps
interior warm by blocking |
outward radiation of heat.

*Most heat Is sent back to its
original source.



Tranmission&Reflection (%)
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Low-E Window
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R&D in INER

Low-E window demonstrated in 2013 Taipei International Invention Show & Techno mart
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EC Window: A new level of design freedom for a
revolutionary experience

75% 25%

EC foil-based devices offers
v' A better view
v'Natural light
v'Freedom of design
v'Energy efficiency

BN

®Dynamic Glass is an energy efficient product that drives down HVAC and lighting costs.



Dynamic EC Window R&D in INER

The EC foil-based devices embodying sputter deposited WO4 and NiO films joined
by a polymer electrolyte have been made by the R2R PVD system.

100 - - |TO Glass/PET
90 - Nickel Oxide
80 - Layer
70 - Electrolyze

T 60 7
(%)50 T WO, Layer
38 ] ITO Glass/PET
20 - Multilayered Device
10 - 100 VAT~ 40% (30%~70%)
0 . . : : v'Low voltage driving (2~5Volt)
300 500 700 900 1100 801 v'IR cut-off 95% (SHGC=0.27)

wavelength (nm)
The light transmission and IR cut-off of the EC
device with the solar radiation were optimized up to

40% and more than 95%, respectively.
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EC window demonstrated in 2013 Taipei International Invention Show & Techno mart






