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Development of a New Generation Endoscope System with Lasers
“LASEREO”

Yoshinori MORIMOTO*, Masahiro KUBO*, Masayuki KURAMOTO*,
Hiroshi YAMAGUCHI**, and Toshihiko KAKU**

Abstract

We have developed a new generation endoscope system “LASEREQO”. A new laser illumination
technology is applied to LASEREO. Having two kinds of lasers and phosphor, the new illumination is useful
in detecting the structure of the mucous membrane. We realized the narrow band light observation BLI (Blue
LASER Imaging) that can emphasize a minute change of the mucous membrane structure by using the new
illumination technology together with our original image processing technology.
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Table 1 Types of illumination and observation modes.
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Fig. 10 Contrasts in microvessel images obtained by simulation.
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Fig. 11 Contrasts in microvessel images obtained in an experiment.
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Fig. 12 Experimental results using oral mucosa.
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Fig. 13 Two modes of structure enhancement.
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Fig. 14 Color enhancement by BLI and BLI-bright.
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Development of “FUJIFILM DR D-EVO plus C24i/s”

Kouichi KITANO*, Keita WATANABE*, and Akihito BETTOUYASHIKI*

Abstract

We have newly developed the small and light Csl DR cassette, “FDR D-EVO plus C24i/s”, which
features better image quality with low dose exposure, improved durability and prolonged battery life. The
details of the FDR D-EVO plus C24i/s are described in this paper.
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Fig.1 The 24cm x 30cm DR cassette: FDR D-EVO plus C24 i/s, well suited for small patients and anatomy.
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2. EHR

BE7 A4V LAOMBEFMTH SHISS (Irradiation Side
Sampling) Ji# % L Z2DEVOY ) — X H £ v 7
DROERE - MhEE AL, & 574 5 B E» o EeL
CHREH L2/ - #B&moh+y 7DR FDR D-EVO
plus C24i/s D E#BN3 5 (Fig 2).
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Cslv v F L= [l SN X#ET%2 7P u /&
AEETIHALL, 7Tl / FTIOINEWR LT -4
w528 CHEEIET 5. FDR D-EVO plus
C24i/s TIZHHMBE L mEE - IR/ A XD T7Fu /&
BB L OEHROT Y ¥ VI 2B L, fH
Fio1SS /0 (Fig. 2) LflaGbEsZ LT, b
WXHETHEWDQEM SN, K/ 4 X2 X kK
Pom I L7z RQASKIETHOZFNENDOREIZ
BT 5DQE (FDR D-EVO plus C24i/s & FDR D-EVO
plus C35i/s) % Fig. 312, MTF #% Fig. 412777

Fig.2 Unlike Conventional Side Sampling (CSS) methods (a), FUJIFILM Irradiated
Side Sampling (b) avoids the poorly-crystallized section of the Csl scintillator.
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Fig. 3 Comparison of Detective Quantum Efficiency (DQE) between FDR D-EVO plus C24 i/s and FDR D-EVO plus C35i/s.
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Fig. 4 Comparison of Modular Transfer Function (MTF) between FDR D-EVO plus C24i/s and FDR D-EVO plus C35i/s.
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Fig.5 Spot load dispersion design of FDR D-EVO plus C24i/s.

Low Power Design : FDR D-EVO plus C24i/s

[Z1 FDR D-EVO plus C35i/s
f I FDR D-EVO plus C24i/s 40% Down
0.8r
0.61
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0.4r
0.2
0 . .
Waiting Reading Out
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Fig. 6 Power Consumption comparison between FDR D-EVO plus C24i/s and FDR D-EVO plus C35ils.
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Image preview
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Fig. 7 FDR D-EVO plus C24i/s exposure cycle time.

Fig. 8 FUJIFILM SmartSwitch technology enables X-ray auto detection, eliminating the need for electrical

interfacing with the X-ray generator.
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Development of Functional Cosmetics Brand “Lunamer”

Taichi MURAGUCHI*, Tomomi TATEISHI*, Ikuko OOGARU*, Karin KUROIWA***,
Takeharu TANI***  Naoko YOSHIDA**, Hideyasu ISHIBASHI**, and Takuji KOSUGI*

Abstract

Skin dullness is one of the major problems for women of a certain age. Although some hypotheses for the
causes were postulated, for examples the structure of the skin surface or pigmentation of proteins, they have
not been proven completely. As a result of our optical analyses including measurement using polarized
images and OCT, it turned out that a key for a clear skin is a healthy epidermal layer which does not affect
light. Thus, we have developed an active vitamin E (tocotrienol) emulsion, named Clear-nano Vitamin E,
which is effective to prevent damage on the epidermal layer caused by environmental factors. We have
created the “Lunamer” series containing Clear-nano Vitamin E and the other selected active ingredients
based on Fujifilm’s original “Clear & Charge” concept in an effective formula, for the purpose of improving

the healthiness of the epidermal layer.
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Fig.1 New cosmetic brand “Lunamer”.
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Fig. 2 Presumed causes of dull skin.
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Fig. 3 Light reflection of human skin.
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Fig. 4 Result of dull skin analysis using polarized images.
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Fig.5 OCT (Optical Coherence Tomography) images of dull skin
and clear skin.
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Fig.6 Cross-sectional images of simulated light propagation in
dull skin and clear skin.
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Fig. 7 “Clear & Charge” concept.
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Fig.8 Molecular structures of tocopherol (widely used) and
tocotrienol.
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Fig.9 Inhibition of UVB-induced inflammation by antioxidant
properties.
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Fig. 10 Stability of Clear-nano Vitamin E.

7V TF Y I YEDOARERENEY FANENIZPE
BARESHFL T, Az T —7A M) v ¥y BT
B Em L CHBLEZA, FEF /R FEmL T,
g s T R R8EEmD L 2 L TE 72,

43 ZDEHLOFRAKS
VFATIEZ )T F I EY 2 Y EUSNC Y ) 7 G

ETF v =V ENEN2OTOREEINT VS, 7

DT B ELTCOX) THEO—H [ 5 >y ai—|

BZOOBEMERICLVAEERYEY X v v F L, [FE
A+ T 2% 2| WL E IR T 5 A EWE R
BT A=V DPMED D 2 & BT A S TH
23V Fr Fr— Vs E LT THIEERY 2 L 2
VIR o R R A A BN A 4 T,
GEMEY IV AMEzF bl [y I VAl I
FR AN X A2 T 5 & AR T R R & RO,
WFRATOET AT AIZNEZ D52 DS & 5O
PEICEDE T HHENL T b,

5. AL TORIRERE

W X T ORI REMERD 720, 28 o8 R %
To72. 2000 530D WEE61C, VI AT
BT 4 — & (B LREWD ¥ A TOEFETH LDV
FAT 794 M — (KOAK) =L CHE, f#H#
BTOIPDIREZFERL 72,

Table 1W22AMOEIZBIT HER, BLOEHENE
O S (LME) O¥EE R L7z Wit d bk
%, 64 3FHIIBWTLMENOS LML, #hFEIR
57z,

Table 1 Increase in the brightness of pores and cheeks after two
weeks continuous use.
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Fig. 11 Color change on cheeks after two weeks continuous use.
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Development of ASTALIFT Renewal Products

Eriko INUTI*, Taichi MURAGUCHI*, Hiroyuki KITAOKA*, Mikinaga MORI*,
Toshihiko SAWADA**, Tadao SHIBAMOTO**, Atsushi ORIKASA*** and Kouzou NAGATA*

Abstract

The ASTALIFT series is a comprehensive anti-aging skincare brand, developed by applying Fujifilm’s
photo technology. After five years of success in the market, we renewed the ASTALIFT series having
enhanced anti-aging capabilities realized by adding lycopene and an analog of resveratrol in appropriate
form. We discovered novel benefits of lycopene, such as its ability to promote antioxidant production in
human skin cells and boost astaxanthin’s antioxidant capacity. We stabilized the lycopene in nano size,
further enhancing the total antioxidant capacity. This nano lycopene is added to all products of this new
series. Moreover, we also discovered that mesh collagen (type IV collagen) plays an important role in
increasing the thickness of the epidermal layer; and thus, added high permeable resveratrol, which exerts a
protective effect on mesh collagen, into one of the new series products, “ASTALIFT ESSENCE DESTINY™.
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Fig. 1-a Glutathione synthesis mechanism.
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Fig. 1-b1 Effect of lycopene on Nrf2 protein in nucleus.
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Fig. 1-b4 Effect of lycopene on inhibiting cell injury.
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Fig. 2 Synergestic effect of astaxanthin and lycopene.
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Fig. 3 Hypothesis of intermolecular electron transfer reaction.
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Fig. 4 Optical microscopic image of lycopene (at approx. 100x
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Fig.5 Transparency comparison between lycopene nano-sized by
conventional technology (left) and nano-lycopene
developed by Fuijifilm (right).
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Fig. 7 Effect of mesh collagen on the thickness of the epidermis layer
(Comparison of epidermis thickness after 14 days of culture).
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Development of Self-emulsifying DHA Formulation

Hiroyuki SAKAGUCHI*, Nobuyuki HARAGUCHI**, Yuriko ODA*, and Fumitaka UEDA*

Abstract

Various physiological functions as essential fatty acids are reported regarding docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA). The two acids are polyunsaturated fatty acid (PUFAS). Absorption
of DHA is often influenced by meal consumption. We prepared a self-emulsifying DHA formulation which
achieved stable and high absorption ability without depending on bile acid. Absorption evaluation on rats
revealed that bioavailability of this self-emulsifying DHA formulation was three times higher than that of
general DHA fish oil. The evaluation also proved that the formulation has high absorption ability without
being affected by food consumption. In conclusion, this formulation technology improved DHA absorption
by oral intake, leading to more convenient DHA ingestion.
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Fig. 2 Docosahexaenoic acid.
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Table 1 Recommended daily ingestion amount of EPA and DHA
for Japanese.
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Fig. 3 Plasma concentration profile of DHA.

Table 2 Pharmacokinetic parameters of oral administration of
DHA oil to fed rats and fasted rats.

fed DHA OIL fasted DHA OIL
Crnax pg/ml 119.2+21.2 445+157
T max hr 2 2
AUCq,um  ng-hr/ml 1018.9 405.8"

fed: f& &, fasted :#fafx, DHA OIL: —% & Fi il

Cmax: maximum serum concentration

Timax : time to reach the Cy,,, AUC :area under the serum concentration-time curve
Values of C.y are the mean == SEM, n=5 * P<0.1
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Fig. 6 Plasma concentration profile of DHA.

Table 3 Pharmacokinetic parameters of oral administration of
DHA oil and SEDDS-DHA to fasted rats.

DHA OIL SEDDS-DHA
Crax pg/ml 45.2+16.8 170.0+45.4
Tmax hr 3 2
AUCypum  ng-hr/ml 3413 1100.0”

DHA OIL: —fi% £ fl &, SEDDS-DHA: H . #L{L DHAKLH
Cax: Maximum serum concentration, T :time to reach the Cuy
AUC :area under the serum concentration-time curve

Values of C, are the mean = SEM, n=3 ** P<0.05
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Fig. 7 Plasma concentration profile of DHA.

Table 4 Pharmacokinetic parameters of oral administration of
SEDDS-DHA to fed rats and fasted rats.

fed SEDDS-DHA fasted SEDDS-DHA

Crnax pg/ml 169.1£17.0 138.1£32.2
Tmax hr 1 2
AUC .41 ng-hr/ml 1028.9 1044.7

fed: ¥4, fasted:ffafs, SEDDS-DHA: [ C.3L{L7 DHARLHA]

Cmax : maximum serum concentration

Trmax: time to reach the Cy,,, AUC :area under the serum concentration-time curve
Values of C are the mean = SEM, n=5
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Development of Higher Performance Tape Media for Enterprise Data
Storage Systems by using Barium Ferrite Magnetic Particles

Hiroaki TAKANO*, Masahiko ASAI*, Masahito OYANAGI*,
Tadahiro OHISHI*, and Masayuki USUI*

Abstract

The magnetic tape using barium ferrite magnetic particles instead of traditional metal magnetic particles
demonstrated much higher areal recording density of 6.7Gbit/in? in 2007 and 29.5Gbit/in? in 2010. We
applied NANOCUBIC technology to the barium ferrite material through these demonstrations, and moved
these technical achievements into the production phase while increasing the durability. For enterprise-class
systems, we released in 2011 the reliable magnetic tape products that have an approximately three times
larger storage capacity than LTO Generation 5 tape. This proves that Fujifilm’s barium ferrite technology can
contribute to an increase in the storage capacity of magnetic tape in response to the market needs for data

storage systems having higher capacity.
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Fig.1 Recording areal densities of general hard-disk drive and
tape products, and the tape used in the demonstrations.
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Table 1 Comparison between a metal particle and BaFe particle.

Met(aLITp();:lsrt)lcle BaFe particle
Size [nm] 37 21
Volume [nm?] 2850 2100
Hc [Oe] 2380 2280
os [emu/g] 105 50

(a) Metal particles (b) BaFe particles

Fig.2 TEM images of magnetic material: (a) Metal particles and
(b) BaFe particles.
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(a) Conventional dispersion conditions  (b) New dispersion conditions

Fig.3 SEM images of magnetic layer surfaces under (a)
conventional dispersion conditions and (b) new dispersion
conditions using nano-dispersion technology.
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HREmEE A FEH L. Fig 413, FERMERE & et
BOFRED L) 32822 L 72 TEMBHEKTH %, Hi/:
(38R L - AR T (b) 12 & » TR S 72 Fm
TEREA FN (a) 12 BRTKRIFICZDEEHHEIH] S
nacwib,

Magnetic layer with metal particles

Under layer

(a) Conventional coating conditions

\

Under layer

Magnetic layer with BaFe particles

(b) New coating conditions

Fig.4 Cross-sectional TEM images of interfaces between
magnetic and non-magnetic-layer under (a) conventional
coating conditions and (b) new coating conditions using
nano-coating technology.
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RNy R T —7TREOMIAFHET LAV VT
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ZOVEGEAR % IV 72 LTOGS # 5 O g 4 B Rl & & g
%% Table 212, KM SO 707 7 1 V% Fig 512
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(a) LTO5

Table 2 Surface roughness measured with optical interferometric
profiler (OIP) and friction with AITiC bar.

6.7Goit/in>$ilf| T2 42-77

LTOGS | Sxmsr—7 | 4xm7-7
Ra [nm] 17 1.3 1.4
Rz [nm] 35 23 20
20nms & B (Ebx) 12 1 5
EEE(RER 0.30 >0.5 0.28
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Fig. 6 Signal and modulation noise spectra.
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Fig. 5 Surface profiles measured with optical interferometric profiler.
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Table 312757 Battelle Class I 5235 F 12, BaFeli4d:
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WEPEARIE A 7 WEEVERIZ R L C 7 — & o B 2o 1
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Table 3 Conditions for gas environmental test.

Cl2 concentration 10ppb
NO2 concentration 200ppb
H2S concentration 10ppb
Relative humidity 70%
Temperature 30C

Table 4 Change in Mrt (remanent magnetization X thickness)
value in Battelle Class II test.

Before After Ratio
[mA] [mA]
BeFe tape 3.1 3.1 1.00
Metal tape (LTO4) 19.5 125 0.64
Metal tape (in cartridge) 21.4 21.7 1.01
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Long Run Length Positive Thermal CTP System “XL-T”

Norio AOSHIMA*, Noriaki WATANABE*, Shigekatsu FUJII**, Takashi ARIDOMI***,
Yoichiro ARA*, Mamoru KURAMOTO*, Yoshinori TAGUCHI**** and Yuichi YASUHARA*****

Abstract

We have developed a positive thermal CTP (Computer To Plate) plate “XL-T”, which employs high
durability urethane resin for the photo sensitive layer. XL-T is suitable for long run length jobs, for example,
printing of forms, ledgers, magazines, and so on. We have also formulated special developer “XL-D” and
replenisher “XL-DR” for XL-T, which can be used in a highly concentrated state. Together with the
apparatuses for reducing waste developer/rinse water “XR-2000/5000", the XL-T system realizes reduction
of waste solutions equal to that with the XP-series, which are standard positive thermal CTP systems.
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Photo 1 Positive thermal CTP plate XL-T.
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Fig. 1 Quality target for XL-T.
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Fig. 4 Effect of development inhibitor.
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Controlling a Software Development Process by Predicting the Effect of
Improvements

Hachiro HONDA*, Masashi AISO**, and Keiichi SUZUKI*

Abstract

We have established a continuous quality improvement process by applying the Capability Maturity
Model Integration (CMMI) method to our software development activities. The process consists of the
following steps: (1) analyzing the key performance indicators of each development phase, (2) predicting the
effect of improvements based on the analysis, and (3) monitoring and controlling the quality and cost. In
upgrading from the CMMI level 4 to level 5, we focused on improvement of quality in the early development
phases and achieved three times better quality in system tests.
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Fig. 1 Cause and effect diagram (fishbone diagram).
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Fig.2 Causes and countermeasures.
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Table 1 Degree of quality improvements.
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Table 2 Simplified version of t-Test.
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Table 3 Estimation of expected improvements in quality.

WHHEIRE YRAFLTF X b
TEABRENNERE L4tk —48%

FUJIFILM RESEARCH & DEVELOPMENT (No.58-2013)

39



FIREIS, VAT LAHEDPL AT AT AT TORE
ETE M/ A7y 7] oEHEZUTE L
(Table 4) o

Table 4 Estimation of expected improvements in performance.
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Fig. 3 Quality control graph in a process.
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Table 5 Quality monitoring by our prediction model.
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Fig. 4 Weekly monitoring of the organization’s target.
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Table 6 Results of quality improvements.
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Fig.5 t-test for quality improvements.
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Table 7 Results of performance improvements.
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Fig. 6 t-test for performance improvements.
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Fig. 7 Productivity improvements from CMMI-L4 to L5.
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Fig. 8 Quality improvements from CMMI-L4 to L5.
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Development of Image Processing Technologies Used for
Creation of Digital Comics and Their Application

Shunichiro NONAKA*, Hajime TERAYOKO*, Tetsuya SAWANO¥*, and Norihisa HANEDA*

Abstract

We have developed image processing technologies for digital comics (e-comic) creation and distribution.
In this paper, we introduce “GT-Smartone” (moiré-less image resizing technology), “GT-ComicEncoder”
(highly efficient comic image compression technology), “GT-Balloon” (automatic speech balloon detection

technology) and “GT-Translate” (automatic digital comic translation technology).

1. ZUC&®IC

IR, BFHEEIPRSLBLERDTVL, 204D

EFazvomAl
EE VL

T LIS 1A BRI % 0 LT, B MR { }
PREATHE 5 HET T3 v 2 W OB GLTH BRI s FI
IS L, SROHEEIRLAY 7 MY =7 2l
FEHEOHNERHE 2 ARAIAT R ) 720 DB mPH — ¥ & HE
CARRBT 2 FEEFML T D, 3 8 &%
B339 7 W OBELELICIE, Fig 11077 13 AR
LB Y EB T BRI [GT-Scan)V 7 & [WH{EHAT X %
Hiff ) L WTEEC N A BEE B EICERT 5 gg A&
(B REIAA ) 75 % 5 [ ] &2 N5 % iE pog Zh
L7z ISR ) 45 %, D % 5
AHETIE, 2T [HRB] 2 @AL, 3TERD 29 L
i L7 TSR] #@AT 2L Eb10, 4T 5 i
B &S HEORMR IO VWTRET o fii

2. BFAI v I7mITEREMORESE

Fig. 1 Image processing technologies used for e-comics.

- . . @ E7LHNHIE &Y Y1 Xl
"SI Xy 7 T OB G EZ AL, Fig 2 TR 1%: (ZTgpfalrl?cl){ri; ! X%T:'Eﬂ
X TREATHAT ] & TR HREAlT ] 1RKp) S N %
N5, Uiz FE iz, THIEBATEN] o—>T = -
=) I:II:II:I =D [} il J
B 7 1B 7~ e He il GT-Scan % BI%6 LV St 2 B ORERE R
[GT-EpubAuthor for Fixed Layout |2 128581, =% % g
SF RYE CEFEEGE- BB IERH W 2WT &7, ii\ Dl
73 7
no
A H | @amavighiii
I+ % (GT-Scan) XA CHEF
| &
KRS (SE20124E12 25 H) g
“EET AL (B Ao MY R AR fif | ORMUMELLBMRGE
T 107-0052 HCECHRHEIX A 9.7-3 (GT-Balloon) H2.3l-fe

*Internet Business Development Division
FUJIFILM Corporation

Akasaka, Minato-ku, Tokyo 107-0052, Japan

Fig. 2 Component technologies for e-comics.
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Fig. 4 Effectiveness of GT-Smartone.
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Fig.5 Effectiveness of GT-ComicEncoder.
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Development of Thermoplastic Nanocomposite Optical Materials

Tatsuhiko OBAYASHI*, Ryo SUZUKI**, Hiroaki MOCHIZUKI*, and Yasuhiro AIKI*

Abstract

Thermoplastic nanocomposite optical materials that include ZrO2 nanoparticles in high concentration
have been developed. Even after undergoing the melt-molding processing, homogeneous dispersion of
nanoparticles in the resin was maintained and the molded articles showed good transparency. The refractive
index of the resin rose from 1.59 to 1.65 by the addition of 12.5 vol% ZrO2 nanoparticles. It was found that
the kinds and number of functional groups in polymer, the length of linkers between the functional groups
and the main chain of the polymer were very important to achieve the homogeneous dispersion of particles
and the moldability of the nanocomposite. This material was molded into convex and concave lenses.
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Table 1 Refractive index at 589nm of typical optical materials.
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Fig. 1 Refractive index of the nanocomposite calculated according
to the volume fraction of the nanoparticle.
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Fig.2 Transparency of the nanocomposite calculated as a
function of the particle diameter.

90% LL E oW NRGHE 2 BT 5 720121,
IR T ESnm LT Ok T %, St {H—120WT
L2 ENRLETHY, KT EOBINIE A BN
PERT§ 5 &FHL 72,

2 5nm DR T & AN HIREFCHEOTHMICHE L,
Fig 12 10vol% B & OV 20vol% 3 — i L7za v RY v b
ME L CEME LR MR 22N, 4/nmB X
M2mm & %% (Fig 3)o 7/ KiF1E, 7V 7 MR
L CHERMENEFELREWIDBENRI) T <,
R T — e B B O IEE ICHEEE AT R
Thbo

5nm
<>

QQ

S
N

- 7
/ N
/
h \
/ g ' / \ ,/
\ \ h S )
\ / / \ ,

10vol%

20vol%
AL FREIEERE2.7nm PLFFEEERE4. 7Tnm

Fig. 3 Distance between particles expected in the nanocomposite :
particle diameter, 5nm ; particle amount, 20vol% (left)/
10vol% (right).

bbbz Ed, ¢bnmd IV a3 =7k T % 10-
20vol% D &P T — ik L7z BTVt 2 a R Y
MNAEORSEE BIR L, RO IR 0% 21T o
f:o

22 kT HEBIEORE

2.2.1 EAFERMEBIIE N OB F 2 EL

RN, % B & LT ZrO2 ekl F O i % 73
ACEAT L, RO BT (PMMA, PS7%& &)
T 2 e ME L7ze LA L, ZOFETOY

FUJIFILM RESEARCH & DEVELOPMENT (No.58-2013)

49



—SHUIREETH ), F I RTOBREIZ L B % R
THEIEINTEL o7,

Fig. 4121%, v YERALKMHBHAI T/ Iva=T
(¢ 5nm) OFEIE 2B L, PMMA 12 10vol% D 7N
OO RATRE RS, IV RYy M, HEBL
R F I umF — ¥ — DEEE 2o TWBH T LS
RS N7z ZOFHETIE, BREHTFOMEER?Z
L<, WTHEoES X OB E OMGEECAE D BB
HELZboEEDbNRE (Fig 5o

Fig.4 TEM image (x300) of a cloudy nanocomposite section.
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Fig. 6 Ideal thermoplastic nanocomposite.
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Fig. 7 Polymer design suitable for particle dispersion.
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Fig. 9 Relation between the polymer design and melt-molding processability.
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Development of a Near-infrared Reflective Film Using
Disk-shaped Silver Nanoparticles

Naoharu KIYOTO*, Shinya HAKUTA*, Takeharu TANI*,
Masayuki NAYA*, and Kou KAMADA*

Abstract

FUJIFILM Corporation has developed a novel near-infrared reflective film using disk-shaped silver
nanoparticles. We estimated the best shape and arrangement of the silver nanodisks to reflect near-infrared
rays by simulation. In order to form an optimum structure, we applied the technology which has been used to
form silver halide tabular grains in photographic film. Moreover, we have developed the coating technology
to make a uniform layer of silver nanodisks that reflect near-infrared rays effectively.
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Fig. 8 SEM picture of coating film.
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Wavelength Insensitive, Non-contact and Highly Efficient Fiber Optic
Connector using Up-tapered Multimode Optical Fibers

Tatsuya YOSHIHIRO*, Yukitaka ONO*, and Tadashi KASAMATSU*

Abstract

A wavelength insensitive, non-contact and highly efficient fiber optic connector has been created and
demonstrated excellent performance. The fiber optic connector consists of a pair of up-tapered multimode
optical fibers with an insertion loss of 0.9 dB in the range of 410 to 790 nm. With anti-reflective coating applied
on the sections, the loss is expected to fall to 0.6 dB. We believe this novel fiber optic connector is suitable for
multi-color illumination systems or devices subject to frequent connection and disconnection of the connector.
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Fig. 1 Schematic diagram of multi-color laser illumination system.

Table 1 Fiber-optic connector types.
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Fabrication of Solution-Processed Oxide Thin Film Transistors
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Abstract

In recent years, the transparent amorphous oxide semiconductor (TAOS) has attracted attention as an
active layer for next generation TFTs. With the aim of reducing manufacturing cost, the solution-processed
TAOS has been also under review. In this paper, we report on film formation, material analysis and
fabrication of InGaZnQO4 and In-Zn-O TFTs using the solution-based process.
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Dewetting Flow Caused by Inter-surface Force during
Hydrophobic Patterning

Kimiaki MIYAMOTO*

Abstract

Hydrophobic patterning is a method of precise pattering for printed electronics. Exposure to UV light is
used to create wiring and electrode patterns on a pre-coated photo-polymer, then hydrophilic conductive ink
makes the pattern according to the hydrophilicity induced by the UV light. This study clarifies effects of
difference in inter-surface force of adjacent regions and effects of surface unevenness by solving a film
profile equation. The results show that stripes of two different levels of hydrophobicity provide a sufficient
condition to make a dewetting pattern. In other words, it is not necessary to combine the hydrophilic stripe
with the hydrophobic stripe for creation of a dewetting pattern . Also, it was found that hydrophobicity in a
hill of a wavy surface is better for quick dewetting. If this status is reversed, namely hydrophobicity in a
valley on the surface, stabilization or slow dewetting is caused. These findings suggest that the capillary force
and inter-surface force affect each other during dewetting when the thickness is in the sub-micron order and

no gravity effect occurs to level the surface.

1. Introduction

Recent development of organic semi-conductors has
enabled Thin Film Transistors (TFTs) to be fabricated
using printing technology alone. Although many
samples of printed TFTs have been exhibited at trade-
shows, it is hard to start mass-production because of
the printing accuracy required. Inkjet printing is
preferable because it has flexible alignment features
and allows printing TFTs on demand. However, the
problem with IJ technology is the trade-off between
productivity and drop size that is typically 10 microns.
In contrast, the typical TFT requires a 5 micron gap
between source and drain electrodes.

Photonic assistance or hydrophobic patterning was
proposed to overcome the difference between IJ
accuracy and requirements when printing TFTs .2
This method changes the hydrophobic polymer surface
allowing it to be wetted by hydrophilic IJ ink. A special
hydrophobic polymer on a substrate is exposed to
patterned UV light as shown in Fig. 1. Then its surface

changes to hydrophilic by a chemical decomposition.
This reaction has the additional effect of shrinkage of
polymer which combines the chemical pattern and
physical pattern. When hydrophilic IJ ink is sprayed
roughly on the hydrophilic part, the ink dewets the
hydrophobic surface and concentrates at the
hydrophilic part. Accuracy of this process depends on
the dewetting behavior of the surface-ink system.

—ﬂ-ﬂ-" Mask
¢ UV Light
Hydrophilic Part

Insulator

Substrate

W<— IJ Nozzle

Q¢— Hydrophilic Ink
D &o4— Electrode/Wire

Insulator

Substrate

Fig. 1 Process of hydrophobic patterning.
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Intensive analysis of patterned dewetting was
carried out by A. Sharma et al. 39 put they limited
cases to very thin film of fine patterns for use in the
photo-lithography of semiconductor process. In the field
of printed electronics, concerns are on much thicker
film and a coarser pattern in the order of micrometers.
This study elaborates on the dewetting phenomena
found in the actual printed electronics process including
the dewetting effect of solid surface morphology,
Hamaker constant and liquid film parameters. The
author adopts a theory by D. K. Owens and R. C.
Wendt © for the relationship between a contact angle
and dispersion/non-dispersion components of both
liquid and solid (eq. 1a-1c), which is an extension of the
theory by Fowkes D Also the empirical relationship
between surface energy components and the Hamaker
constant is used according to A. Sharma and G. Reiter 4
(eq. 2).

vo=vi+y (1a)

Yo =Vs+t7.—2 75721 -2 7;7/2 (1b)

d h
l+cos@ =2 }/?[\/Z]+2 7;[\/2] (1¢)

L L

a, =-24xd, ! (\/E—\/E) 2

where yu is the surface energy of liquid L or solid S
in [N/m], yu 4 is the dispersion component of surface
energy, " is the non-dispersion component of surface
energy and 0 is the contact angle. ay is the Hamaker
constant [J] of this system and do is the separation
distance at contact [ml].

This relationship supports the use of the Hamaker
constant as a parameter for the disjoining pressure of a
liquid-solid system (eq. 3). The flow driven by the
disjoining pressure was analyzed earlier by M. B.
Williams and S. H. Davis ¥ but the results were not
precise enough. This study shows the results in greater
detail with much more accuracy.

ay

I1= 3
670

(3

where IT is the disjoining pressure [Pa], § is the liquid
film thickness [m].

2. Model

The simplest model to examine the dewetting
hydrodynamics is evenly coated liquid film on a flat
surface with one half of the area hydrophilic and the
other half hydrophobic as shown in Fig. 2.

Initial
aH Surface

%i‘zh\ \L

~—19_1_~—

X= X=P2

Fig.2 Model for flat surface.

The boundary of these two regions is linear and a
calculation domain corresponds to a half of the pitch of
the line pattern. The well-known Film-Profile Equation
(eq. 4) 1s used for calculation together with lubrication
approximation.

o5 oq 95 _a|s8(ap (4)
% o ox 3(aj

where q is the unit width flow rate [m?/s], p is the
total pressure in the liquid film [Pa].

Here, the pressure gradient includes not only the
gravity potential term and capillary force term but also
the gradient of a Hamaker constant and that of an
inter-surface force.

(eq. 5) In the equation, p is the density [kg/m?’], c is the
surface tension [N/m] and h is the surface position [m].

op _ ﬁ_o_cfh_ 1 daH_l_ a, do
Ox pgdx dx* 6x6® dx 2x8* dx

(6))

Coverage of this model is limited to calculation from
the beginning of film thinning to the instant of film
breakage at the thinnest point. Thus, the process of a
receding contact line is not covered in this study.

Before solving the model numerically, the analytical
relationship between a Hamaker constant and
parameters is deduced. Dewetting flow stops when the
capillary force balances with the inter-surface force
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(eq. 6). Assuming that the film surface shape is a
sinusoidal curve (Fig. 3), a simple equation expressing
the parameter effect on the critical Hamaker constant
is deduced. This shows that the Hamaker constant is
proportional to the surface tension ¢ and the fourth
power of the thickness 8, and inversely proportional to
the square of the pitch pw (eq. 7). These findings are
compared with numerical results in the next section.

O_dSh ~ ay ﬁ (6)
dx’ 2x6* dx
27) 8¢
ay=-202, ™
Pw
° Initial
% Surface
[N
3 During
©
5 8 o h Dewetting
(7]
v

Cordinate X

Fig. 3 Simple analytical model.

3. Parameter study by numerical calculation

Numerical analysis is performed with a flat surface,
sinusoidal surface (eq. 8) and terrace surface (eq. 9).

h:6+h0 :5_Amp COS(Z”X/pw) (8)

h=06+h,=6+4,, tanh(a(x~-x,,,)/5) (9)

where Amp is the amplitude of waviness [m], o is the
slope parameter [ —] and ho is the position of a solid
surface [m].

With a terrace shape, polymer shrinkage by UV light
and various line-and-space ratios are well demonstrated.
Solutions are acquired by using the finite difference
method and Euler integration with seven point
expression of third order derivatives for better accuracy.
Non-dimensionalization is performed by using the initial
film thickness 8o as the length scale and u/pg &o as the
time scale. As a result, two non-dimensional
parameters, the Bond number Bo and non-dimensional
Hamaker constant An, are derived (eq. 10).

B _PE%

o > 0=

o  pgd? (10)

Basic parameters are 0001 Pas for viscosity, 0.02 N/m
for surface tension, 1,000 kg/m3 for density, 0.1 um for

the liquid film thickness, 50 um for the pitch of a stripe
and +/ — 10% difference in level between the steps of
a terrace. Calculations are done with each value of the
Hamaker constant (mostly negative) for the right half
and with zero Hamaker constant for the left half in this
parameter study section. Various combinations of
Hamaker constants are investigated in the next section.

Two major phenomena, wetting and dewetting, are
observed by the calculation (Fig. 4a, Fig. 4b). The
dewetting case shows rapid thinning at the
hydrophobic side creating zero thickness at the center
of a hydrophobic stripe. There is a critical Hamaker
constant that distinguishes between wetting and
dewetting. In addition, strong dewetting may cause
droplet formation resulting in incomplete dewetting
with liquid left behind on the hydrophobic part (Fig. 4c).
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Fig. 4a Wetting.
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Fig. 4b Dewetting.
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Fig. 4c Drop formation.
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The hyperbolic tangent function is mainly used for a
solid surface shape because this function can express a
terrace shape that is commonly used in an actual
printed electronics process (Fig. 5). A line-and-space
ratio is usually not 1.0/1.0 because it depends on the
circuit design, and a slope of the boundary between a
hill and a valley varies depending on the defocus level
of the UV light. These two surface morphology effects
are examined first by changing parameters of the
hyperbolic tangent function before calculating
parameter effects. Fig. 6 shows the effect of the line-
and-space ratio by shifting the origin of a hyperbolic
tangent function together with a hydrophobic area that
is on the right side of the origin of the curve. The
vertical axis shows a negative critical Hamaker
constant that distinguishes between wetting and
dewetting, and the area above the graph line indicates
dewetting resistance. The graph shows that the critical
Hamaker constant changes slightly when the line-and-
space ratio is changed from 125/375 to 37.5/12.5. Also
the effect of slope is found to be weak as shown in Fig. 7.

Q UV Light

| & Initial Surface
|

| | _

Level Surface

fiy Hydrophobic
Hill

Hydrophilic
Valley

Calculation Domain

Fig. 5 Model for curved surface.
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Fig. 7 Effect of slope at the boundary on the critical Hamaker
constant.

— (Critical Hamaker Constant) [J]

Fi

Therefore, the line-and-space ratio is fixed at 1.0/1.0
and a slope parameter of 0.1 is used in further sections.

The author examined the effects of solid surface
shapes by using the shape function of flat, sinusoidal
and hyperbolic tangent. The results for three surface
shapes and an approximate solution are compared in
Fig. 8 where the vertical axis also indicates a negative
critical Hamaker constant. It is found that the surface
waviness does not have much influence but it assists
dewetting especially for shorter pitches. Waviness
helps dewetting, which suggests a capillary force
created by a curvature accelerates flattening and
thinning the film toward dewetting at the beginning.
However, the effect of shorter pitches, unlike the
waviness effect, resists thinning in a later stage with a
capillary force created by a concave surface. Also the
graph shows that the simple analytical model
represents a fair approximation of the numerical
calculation for a flat surface. The comparison between
the simple model and various parameter effects will be
performed.
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g.6 Effect of line-and-space ratio on the critical Hamaker constant.
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Fig. 8 Effect of pitch on the critical Hamaker constant.
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Effects of liquid parameters are examined. The effect
of viscosity is shown in Fig. 9 using the time length
required for dewetting instead of a critical Hamaker
constant as viscosity does not affect a critical Hamaker
constant. This is because viscosity is only used in the
non-dimensional time, not in the non-dimensional
parameters in the differential equations. Therefore, the
dewetting time required is linearly proportional to the
degree of viscosity, which coincides with the empirical
knowledge, “increase viscosity to prevent dewetting.”

The surface tension effect is examined, and in Fig. 10
the relationship between negative critical Hamaker
constants and surface tension for various morphologies
is shown. All the lines converge at the origin of the
graph and dependence is linearly proportional to the
surface tension. The effect of a pitch is shown together

—#— Sinusoidal Dewet Time(s)=10nm : Pitch=50
—8-— Terrace Dewet Time=10nm : Pitch=50
—A— Terrace Dewet Time=10nm : Pitch=30

7 Slow to dewet

4 /
=g

/

Dewetting Time [s]
D

/“

0 2 4 6 8 10 12
Viscosity [mPa.s]

Fig. 9 Effect of viscosity on dewetting time.

with the surface tension effect. These effects can be
reasonably explained by a hypothesis that the flattening
effect of capillarity and the dewetting effect of
hydrophobicity affect the level between each other.
This mechanism is much different from the
conventional theory, which solved the same equation, of
film leveling caused by gravity and capillarity. The
simple model result agrees with the numerical result
for proportionality.

The effect of film thickness to the negative critical
Hamaker constant is found to be proportional to 3.82
power of the thickness, which is slightly different from
the analytical value of 4 (Fig. 11). The graph shows that
there is no difference between the sinusoidal surface
and terrace surface.
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Fig. 10 Effect of surface tension on the critical Hamaker constant.
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Fig. 11 Effect of film thickness on the critical Hamaker constant.
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4. Combination of two Hamaker constants for
the hydrophobic area and hydrophilic area

There are various combinations of wettability of the
hydrophilic area and the hydrophobic area in actual
products. The result from the film on a combined surface
with two Hamaker constants is of interest. Fig. 12,
Fig. 13 and Fig. 14 visualize the dewettability of the
film on a flat surface, sinusoidal surface and terrace
shape surface. The horizontal axis corresponds to the
Hamaker constant on the right side and the vertical
axis corresponds to that on the left side. For a curved
surface, the hill side is fixed to the right. In these
figures, the left and/or bottom of axes represents the most
hydrophobic condition. For the flat surface (Fig. 12), it
is symmetric around the center so that the graph area
i1s symmetric around the 45 degree line. It is found that

Fig. 12 Dewetting window for flat surfaceo.

Fig. 14a (Top) Dewetting window for terrace shaped surface.

the liquid dewets when a Hamaker constant on the
right side is more hydrophobic than —2X10'19] even if
the one on the left side is also hydrophobic, as long as
the two constants are different. In other words, it is not
necessary that a Hamaker constant on the left half to
be positive. Another finding is incomplete dewetting
that occurs with overly strong Hamaker constants.
However, these strong Hamaker constants are difficult
to attain in actual practice.

Fig. 13 shows the results of a sinusoidal surface,
which is similar to the flat surface case except for the
dewettability on the 45 degree line. As the system is no
longer symmetric around the two-surface-boundary, the
difference from flat cases appears even when two
Hamaker constants are the same. Because the surface
shape of a coated film has a curvature, capillary force
is the initial driving force to flatten the surface, namely

Fig. 13 Dewetting window for sinusoidal surface.

Fig. 14b (Bottom) Final shape of a liquid film.
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to dewet, a pressure gradient with the same disjoining
pressure at the boundary with the same Hamaker
constants can be different at the point.

When the inter-surface force is strong enough,
incomplete dewetting that forms droplets can also
occur in the terrace surface case. The terrace shape
case shown in Fig. 14 is basically similar to a flat
surface case with the exception in the hydrophobic
part at the valley of the terrace. In this case,
hydrophobicity repels a liquid upward to the right hill
although capillarity moves a liquid to the left valley,
resulting in a very slow dewetting motion that might
be the reason of complete dewetting free from drop
formation. Finally, the author acknowledges that the
weak effect of the surface shape appears to change the
critical Hamaker constant to -1x10’19] from -2x10'19J for
the flat surface.

5. Conclusion

The study of the dewetting process on hydrophobic
and hydrophilic surfaces by changing parameters
shows that the process is controlled by the mutual
effects between the capillary and inter-surface forces.
Also the results suggest that a large difference
between the two Hamaker constants is not necessary
but a reasonable hydrophobicity is necessary. The
wider area of complete dewetting in Fig. 14 is a result
of slower dewetting caused by hydrophobicity that
moves the liquid against the opposing capillary force.
Although these findings are helpful to find good
conditions for dewetting, it is hard to estimate the
practical Hamaker constants for actual systems. Future
experimental confirmation of the theory is necessary
for this study.
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